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IMPROVING PILOT/ATC VOICE COMMUNICATION IN GENERAL AVIATION 

"The chief virtue that language can have is clearness, and nothing 
detracts from it so much as the use of unfamiliar words." 

—Hippocrates 

1.0  INTRODUCTION 

1.1    Background 
The present study investigated the influence of 

format for numerical information (grouped vs. se- 
quential presentation) on General Aviation pilot com- 
munication in a simulated flight environment. While 
infrequent, miscommunication between pilots and 
controllers is a persistent problem in the National 
Airspace System. Communication problems arise in 
part because complex air traffic control (ATC) mes- 
sages sometimes overload pilot memory. For ex- 
ample, incorrect readbacks tend to increase with 
message length, in part because longer messages in- 
crease the chance of confusion or interference among 
parts of the message (e.g., heading and speed instruc- 
tions) in working memory (see Morrow & Rodvold, 
1998; Prinzo & Britton, 1993, for reviews). 

This study investigated the hypothesis that grouped 
presentation of numerical information reduces 
memory load on pilots. This issue was examined 
because the grouped format is now used by control- 
lers in certain circumstances. FAA Order 7110.65L 
(Air Traffic Control, Section 4, Radio and Interphone 
Communications) defines "Group form" as "the pro- 
nunciation of a series of numbers as the whole num- 
ber, or pairs of numbers they represent rather than 
pronouncing each separate digit," and "The number 
'0' is pronounced as 'zero' except where it is used in 
approved 'group form' for authorized aircraft call 
signs (e.g., EMAIR One Ten), and in stating altitudes 
(e.g., Ten thousand five hundred)." Paragraph 2-4- 
17, NUMBER USAGE, states that serial numbers are 
to be spoken as separate digits and that "Altitudes 
may be restated in group form for added clarity if the 
controller chooses." Paragraph 2-4-18, NUMBER 
CLARIFICATION, states, "If deemed necessary for 
clarity, and after stating numbers as specified in Para 
2-4-17, controllers may restate numbers using either 
group or single-digit form." However, little is known 
about the impact of changing this format on ATC 
communication. 

There is abundant evidence from laboratory studies 
that grouping cues (e.g., pauses, grouped pronunciation 
of numerical information) allow people to recode infor- 
mation into larger "chunks" in working memory 
(Crowder, 1976). Chunking is a strategy by which 
individual items are combined into fewer units called 
"chunks." For example, the digits 1776149219181941 
are virtually impossible to repeat verbatim. When 
grouped into 4-digits per chunk, the ability to repeat 
all the digits as chunks improves. However, evidence 
for benefits of grouping on memory for ATC mate- 
rials is mixed. Loftus, Dark, and Williams (1979) 
examined non-pilot memory for ATC clearances of 
varying lengths, with the four digits making up 
transponder codes presented either grouped or se- 
quentially. While grouping did not improve memory 
for the transponder code, it did boost memory for 
radio frequencies presented in the same message. 
Loftus et al. (1979) suggested that the two kinds of 
information were uniquely encoded, which reduced 
interference in working memory. In Parker-Haney 
(1991), airline pilots listened to, repeated, and then 
recalled single instructions after varying retention 
intervals. All instructions were presented either in 
grouped or sequential format, using a within-subject 
design. In the grouped condition, digits were pre- 
sented in pairs and followed by a short pause. For 
example, "3163" was presented as "31," pause, "63." 
There were no pauses when digits were presented 
sequentially, in a digit-by-digit format such as "3-1- 
6-3." Grouping did not improve memory in this 
study. 

In a more comprehensive study of the impact of 
grouped formats on pilot memory, Burki-Cohen 
(1995) had airline pilots listen to, read back, and 
enter into a Mode Control Panel, ATC messages that 
varied in length (3 to 5 instructions) and format 
(grouped, sequential, restated in both formats) using 
a within-subject design. Not surprisingly, restated 
instructions were better remembered. Grouping did 



not improve memory, and it even reduced memory 
for longer messages. This study did find that speed 
instructions were better remembered when presented 
in grouped format. Burki-Cohen suggested that this 
format reduced confusion with heading instructions 
in the same message, which is consistent with the unique 
encoding hypothesis proposed by Loftus et al. (1979). 

There are several reasons to believe the studies 
underestimated the impact of the grouping format on 
pilot memory. First, prior experience with grouped 
format was not addressed. Pilots may need practice to 
develop efficient recoding strategies based on group- 
ing cues. Theories of skilled memory emphasize the 
role of practice in developing recoding or chunking 
strategies that overcome working memory limits (e.g., 
Ericsson & Pennington,  1993.) Practice may be 
especially important for taking advantage of grouped 
format because pilots are more familiar with the 
sequential format, which is more common in the 
current ATC system. It is interesting that the partici- 
pants in the Loftus et al. study (1979) demonstrated 
grouping benefits, and they were highly practiced 
before the experimental trials began. They were also 
nonpilots, which avoided the possible interfering 
effects of prior experience with ATC communica- 
tion. This raises issues related to training both new 
pilots and experienced pilots to take advantage of a 
new format for ATC communication (see Discussion). 

Second, in both the Parker-Haney and Burki- 
Cohen studies, most instructions were presented in 
both grouped and sequential formats (in different 
messages). It may be important to consistently asso- 
ciate grouping cues with only certain types of instruc- 
tions (those most likely to be grouped in actual 
operations, e.g., altitude). This allows unique coding 
that may minimize interference between parts of 
messages in working memory, making them less 
similar. Again, Loftus et al. (1979) restricted group- 
ing to one type of command. 

Third, the previous studies did not test pilots 
under flying conditions. Pilots may need at least a 
rudimentary flight context to develop and utilize 
strategies that capitalize on grouping cues that will 
generalize to actual flying conditions. 

Finally, the impact of grouped format should be 
examined under a range of communication conditions 
so that the findings will have greater generalizability. 
For example, grouped format may be especially useful 

for longer messages because it minimizes the build-up of 
interference in working memory (Loftus et al., 1979; see 

also Burki-Cohen, 1995). 
The primary objective of the present study was to 

investigate if grouping numbers in an ATC message 
improves General Aviation pilot communication 
under realistic flight conditions. Radio frequency 
and altitude instructions were selected because they 
are so prevalent in ATC transmissions, and pilot 
readbacks of these types of instructions are more 
likely to contain non-standard communication 
(Prinzo, 1996) or readback errors (Cardosi, 1996). 
Radio frequency and altitude instructions were pre- 
sented in ATC messages, which varied in length from 
2 to 5 speech acts (i.e., part of the message with a 
single function, such as a call sign or instruction; see 
Morrow, Lee, & Rodvold, 1993; Prinzo, Britton, & 
Hendrix, 1995), and were presented in grouped for- 
mat in the Grouping condition only. They were 
classified as "critical instructions." Heading, altim- 
eter, transponder code, and all other types of instruc- 
tions were always spoken in sequential format in both 
the Grouping and Control conditions; they were 
classified as "other instructions." In this report, the 
terms "Experimental Condition" and "Instruction 
Format" will be used interchangeably to improve the 
readability of this document. 

1.2   Hypotheses 
We examined the following hypotheses concerning 

the influence of ATC instruction format, message length, 
and instruction type (critical or other) on pilot commu- 
nication performance. Performance was measured by 
the proportion of readback errors, requests to clarify 
ATC messages, and several readback strategies. 

HI A: Selective Effects of Instruction Format. 
Grouped format will improve pilot memory only for 
the critical instructions presented in this format. 
Pilots should demonstrate better memory for critical 
but not other instructions within messages in the 
Grouping vs. Control condition. This will occur if 
the grouped format enables more efficient memory 
coding of the altitude and radio frequency instruc- 
tions (compared with other types of instructions, 
which were always presented sequentially). 

H1B: General Effects of Instruction Format. Grouped 
format will improve pilot memory for both critical 
and other instructions (e.g., better memory for 



headings as well as altitudes in the Grouping vs. 
Control condition). This will occur if unique coding 
of the Critical vs. Other Instructions in the same 
message reduces interference in working memory (cf. 
Loftus et al., 1979). 

H2: Message Length. Pilots will remember longer 
ATC messages less accurately than shorter messages, 
presumably because more information must be re- 
tained in working memory, which increases the 
chances of interference (e.g., Cardosi, 1993; Mor- 
row et al., 1993). 

H3: Joint Effects of Instruction Format and Message 
Length. The grouped format will mitigate decrements 
associated with message length (i.e., message length 
effect is smaller for the Grouping rather than Control 
condition). These results will help clarify the condi- 
tions under which the grouped format improves pilot 
memory for ATC instructions and pilot performance. 

2.0 METHOD 

2.1 Participants 
Twenty-four adults (3 women and 21 men) who 

were native speakers of English were recruited as paid 
volunteers. All participants held current pilot medi- 
cal certificates, and 21 were instrument-rated. The 
participants had flown a mean of 1311 total flying 
hours (std. = 1509.0), with a mean of 72.9 hours (std. 
= 75.0) flown in the 90 days previous to the study. 
They had flown a mean of 210 IFR hours (std. = 
463.0), with a mean of 9.6 hours (std. = 12.0) flown 
in the 90 days previous to the study. Mean partici- 
pant age was 28.8 (std. = 8) and mean level of 
education was 15.1 years (std. = 1.5). 

Participants were randomly assigned to the Group- 
ing or Control condition. Appendix A shows that 
differences between participants in the two condi- 
tions were not significant for total overall flying 
hours, total IFR hours, recent overall flying hours, 
recent IFR hours, level of education, Weschler Adult 
Intelligence Scales-Revised (WAIS-R) Forward Digit 
Span score, or Backward Digit Span score. The digit 
span test, where participants listen to and repeat 
sequences of digits (of varying lengths), is a standard 
measure of short-term memory ability. It was used to 
check if participants in the two conditions differed in 
short-term memory ability, which is involved in pilot 
communication (Taylor, Yesavage, Morrow, Dolhert, 
Brooks, & Poon, 1994). The digit span test also 

allowed us to examine whether pilot communication 
performance in the study was influenced by indi- 
vidual differences in memory capacity. Despite the 
random assignment procedure, participants in the 
Grouping condition were older and had flown for more 
years than participants in the Control condition. 

2.2 Basic General Aviation Research Simulator 
(BGARS) 

The BGARS is a medium-fidelity, fixed-base, com- 
puter-controlled flight simulator (see Beringer, 1996). 
The controls and displays used in the BGARS simu- 
lated those of a Beechcraft Sundowner. Control in- 
puts were provided by analog controls, including a 
damped and self-centering yoke, navigation radio 
frequency selection module, rudder pedals, throttle, 
flap control, and trim control. Instruments were 
displayed on a cathode ray tube (CRT) and reacted in 
real time to all control inputs and aircraft conditions. 
The external views consisted of a 50-degree forward- 
projected view and two smaller left-view CRTs. The 
smaller CRTs provided the pilot with peripheral 
external views that projected from 25-degrees out to 
about 112-degrees left of the centerline. The simula- 
tion included two-way radio communication that 
enabled pilots to talk with simulated Tower and 
Terminal Area controllers. Pilots listened to and read 
back ATC messages over a standard-issue aviation 
headset. The earphones and attached microphone are 
designed to reduce noise reception and transmission. 

2.3 ATC Messages 
During each flight, the pilot communicated with 

simulated controllers at local air traffic control tow- 
ers and the terminal radar approach control (TRA- 
CON) facility. For each mission, 29 scripted ATC 
messages were developed and recorded by an ATC 
instructor from the FAA Academy. Nineteenof those 
scripted messages varied in length and contained' 
altitude or radio frequency instructions or both. 
Short (3 speech acts) and long (5 speech acts) ATC 
messages containing altitude or radio frequency in- 
structions or both were roughly balanced for fre- 
quency of occurrence throughout the mission and 
were classified as "critical" messages. There were 38 
critical messages per subject across the two missions. 
The content of each message was organized according 
to the FAA Order 7110.65, Air Traffic Control. The 
instructor also played the role of a controller during 



Table 1. Examples of Radio Frequency and Altitude Instructions Presented in Grouped Format 

Symbol Key:    C = call sign; W = weather information; 
R = runway; H = heading; A= altitude 
SQ = squawk; F = radio frequency 

PHASE OF FLIGHT: TAKEOFF 
PWA TWR       Sundowner one niner Two Golf Bravo, wind one niner zero at one two, runway one seven left, cleared for 

takeoff (3) {C,W,R} 
PWA TWR      Sundowner Two Golf Bravo, turn right heading two eight zero, climb and maintain forty-one hundred 

maintain VFR, squawk zero three two four, contact Oklahoma City approach one twenty-three point sixty 
yivc(5){C,H,A,SQ,F}**1 

PHASE OF FLIGHT: 1st PRACTICE APPROACH 

OKC APCH     Sundowner one niner Two Golf Bravo, IDENT, maintain thirty-eight hundred, information kilo current 
altimeter two niner niner eight (4) {C, A, Altimeter} *2 

OKC APCH     Sundowner Two Golf Bravo, radar contact two miles southwest of Wiley Post airport, turn right heading 
three five zero vector to ILS runway one seven right final approach course (4) {C, H, R} 

OKC APCH     Sundowner Two Golf Bravo, descend and maintain thirty-five hundred, contact approach one thirty-one 
point eight (3) {C, A, F} ** 

OKC APCH     Sundowner Two Golf Bravo, how will this approach terminate? (2) {C} 
OKC APCH      Sundowner Two Golf Bravo, upon completion of low approach, turn left heading zero eight zero, climb and 

maintain forty-one hundred, contact approach one twenty-six point seven (4) {C, H, A, F} ** 
OKC APCH      Sundowner Two Golf Bravo, turn right heading one zero zero, descend and maintain thirty-one hundred 

(3){C,H,A}* 
OKC APCH     Sundowner Two Golf Bravo, turn right heading one four zero, descend and maintain twenty-seven hundred 

(3){C,H,A) 
OKC APCH     Sundowner Two Golf Bravo, five miles from outer marker, maintain twenty-seven hundred until 

established on the localizer, cleared ILS runway one seven right approach, contact tower one thirty-two 
point two (5) {C, A, R,F} 

PHASE OF FLIGHT: TWR CLEARANCE 

OKC TWR       Sundowner Two Golf Bravo, wind one six zero at one two, runway one seven right cleared low approach 
(3){C,W,R} 

OKC TWR       Sundowner Two Golf Bravo, Oklahoma City altimeter two niner niner seven, contact approach one twenty- 
four point forty-five (3) {C, Altimeter, F} * 

PHASE OF FLIGHT: 2nd PRACTICE APPROACH 

OKC APCH     Sundowner Two Golf Bravo, radar contact (2) {C} ' 

* Presence of either altitude or radio frequency instruction 
** Presence of both altitude and radio frequency instruction 

1 The altitude and maintain VFR could be considered as one and the same in the instance of a practice approach, i.e., one speech act. 
Its purpose was to reinforce to the pilot that IFR-type handling or service was being provided; this would confirm or clarify that IFR 
separation was not being provided. Per FAR Part 91, GENERAL OPERATING AND FLIGHT RULES, pilot responsibility is still 
to maintain clear of clouds. 

2ATIS includes the ICAO alphabet letter associated with current terminal information of which the altimeter is a part. 



Table 2. Examples of Radio Frequency and Altitude Instructions Presented in Sequential Format 

Symbol Key:    C = call sign; W = weather information; 
R = runway; H = heading; A= altitude 
SQ = squawk; F = radio frequency 

PHASE OF FLIGHT: TAKEOFF 

PWA TWR      Sundowner one niner Two Golf Bravo, wind one niner zero at one two, runway one seven left, cleared 
for takeoff (3) {C,W,R} 

PWA TWR       Sundowner Two Golf Bravo, turn right heading two eight zero, climb and maintain four thousand one 
hundred, maintain VFR, squawk zero three two four, contact Oklahoma City approach one two three 
point six five (5) {C, H, A, SQ, F} ** 

PHASE OF FLIGHT: 1st PRACTICE APPROACH 

OKC APCH      Sundowner one niner Two Golf Bravo, IDENT, maintain three thousand eight hundred, information 
kilo current altimeter two niner niner eight (4) {C, A, Altimeter} * 

OKC APCH      Sundowner Two Golf Bravo, radar contact two miles southwest of Wiley Post airport, turn right heading 
three five zero vector to ELS runway one seven right final approach course (4) {C, H, R} 

OKC APCH     Sundowner Two Golf Bravo, descend and maintain three thousand five hundred, contact approadh one 
three one point eight (3) {C, A, F} ** 

OKC APCH     Sundowner Two Golf Bravo, how will this approach terminate? (2) {C} 
OKC APCH     Sundowner Two Golf Bravo, upon completion of low approach, turn left heading zero eight zero, climb 

and maintain four thousand one hundred, contact approach one two six point seven (4) {C, H, A, F} ** 
OKC APCH      Sundowner Two Golf Bravo, turn right heading one zero zero, descend and maintain three thousand 

one hundred (3) {C, H, A} * 
OKC APCH      Sundowner Two Golf Bravo, turn right heading one four zero, descend and maintain two thousand 

seven hundred (3) {C, H, A} 
OKC APCH      Sundowner Two Golf Bravo, five miles from outer marker, maintain two thousand seven hundred until 

established on the localizer, cleared ELS runway one seven right approach, contact tower one three two 
point two (5) {C, A, R, F} 

PHASE OF FLIGHT: TWR CLEARANCE 

OKC TWR       Sundowner Two Golf Bravo, wind one six zero at one two, runway one seven right cleared low 
approach (3) {C, W, R} 

OKC TWR       Sundowner Two Golf Bravo, Oklahoma City altimeter two niner niner seven, contact approach one two 
four point four five (3) {C, Altimeter, F} * 

PHASE OF FLIGHT: 2nd PRACTICE APPROACH 

OKC APCH      Sundowner Two Golf Bravo, radar contact (2) {C} 

* Presence of either altitude or radio frequency instruction 
** Presence of both altitude and radio frequency instruction 



the simulation by responding to any pilot request for 
information or clarification of the recorded ATC 

messages. 
Some of the messages that participants heard ap- 

pear in Tables 1 and 2 with asterisks (*) next to them. 
A single asterisk denotes the presence of either an 
altitude or radio frequency; a double asterisk indi- 
cates that both occur in the message. The number in 
parentheses refers to the number of speech acts in the 
message. Pilots in the study were only required to 
read back instructions with numerical information. 
That is, they did not read back non-instructional 
speech acts such as advisories, reports, or acknowl- 
edgments. Instructions that pilots read back are indi- 
cated by curly brackets ({}) in Tables 1 and 2 (C = call 
sign, W = weather information, A = altitude, H = 
heading, R = runway, SQ = squawk, and F= radio 

frequency). 
Corresponding instructions (e.g., change in alti- 

tude, radio frequency) in the two missions were 
changed to reduce the possibility that pilot experi- 
ence with the ATC messages in the first mission 
would influence the second mission. All messages 
were identical in the Grouping and Control condi- 
tions, except that the altitude and radio frequency 
instructions in the critical messages were presented in 
grouped format in the Grouping condition and in 
sequential format in the Control condition. Alti- 
tudes and radio frequencies were selected to conform 
to the FAA Order 7110.65, Air Traffic Control. 
Radio, ATIS, and UNICOM frequencies used in and 
around the OKC TRACON were not used to avoid 
the problem of differential familiarity with these 
frequencies (and thus potential interference effects) 
among participants. For radio frequencies, "1" al- 
ways occurred in the first position, "2" and "3" 
always occurred in the second position, and the 
numbers "0" through "9" were equally represented in 
the third position. Values for the heading instruc- 
tions were selected to conform to the 360 - degree 
compass settings and the direction of winds at the 
departure and destination airports. Altitudes were 
selected to conform to aircraft performance charac- 
teristics flying under visual flight rules and airspace 
requirements. 

2.4   Flight Scenarios 
Prior to developing the scripts and missions, the 

FAA Academy instructor flew in and around the 
Oklahoma City area. Using his notes, the mission 

depicted in Figure 1 was constructed. As shown in 
Figure 1, initial takeoff occurred at Wiley Post Air- 
port (PWA) and the pilot made several practice 
approaches at Will Rogers Airport (KOKC) before 
returning to and landing at PWA. Generalities in 
airspace procedures, practice approaches, and Gen- 
eral Aviation flight operations were preserved to the 
extent possible. Altitude, radio frequency, and other 
locality-specific, numerical information were changed 
to meet the design requirements of the study. Partici- 
pants flew two 1-hour missions in and around the 
Oklahoma City area. The two missions were varia- 
tions of the same route. 

2.5   Procedures 
2.5.1 Training Session. Prior to familiarization 

training, participants completed a demographic ques- 
tionnaire about their age, sex, education, pilot li- 
censes, and flight experience. They also completed 
the Forward and Backward Digit Span sub-scales of 
the (WAIS-R) test. Then they completed two prac- 
tice tasks. One task familiarized them with the types 
of ATC messages they would hear during the experi- 
ment (participants in the Control condition only 
heard sequential formats, while participants in the 
Grouping condition heard both grouped and sequen- 
tial formats). The other task provided them with 
instruction and practice flying the BGARS. 

2.5.1-1 Familiarization with and Reading Back 
ATC Messages. To become familiar with the types of 
messages and the controller's voice, participants first 
heard a sequence of single instructions that was 
presented in grouped or sequential format, depend- 
ing on their experimental condition. For example, 
Sundowner Two Golf Bravo, contact tower one twenty- 
one point one contains two speech acts: the address of 
the receiver (airplane call sign) and an instruction to 
change radio frequency that was spoken in grouped 
format. Next, they listened to and read back a se- 
quence of 70 multi-instruction messages that varied 
in length and format (similar to those in the practice 
and experimental missions). For example, Sundowner 
Two Golf Bravo, fly heading zero five zero vector to 
final approach course, descend and maintain forty- 
six hundred contains a heading instruction spoken in 
sequential format and an altitude instruction spoken 
in grouped format. 

Participants in the Grouping condition heard a 
sequence of ATC messages that varied in format and 
length that occurred equally often during each quarter 
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Figure 1. Day 2-Data Collection Flight 

of the practice trials. Some of the practice messages in 
the Grouping condition only contained instructions 
presented in a sequential format. The same kinds of 
ATC messages were embedded in a realistic simulator 
scenario during the practice mission in the BGARS. 
The same messages occurred in the training session of 
the Control condition, except the altitude and fre- 
quency instructions were presented in sequential 
format (so that all instructions were presented in 
sequential format in this condition). In this way, 
participants in the two conditions received the same 
amount of training, and the format of the training 
materials matched the format that they would en- 
counter in the experimental missions. All partici- 
pants were instructed to read back all instructions in 
the messages, in both the practice and experimental 
sessions. This was done to help ensure that everyone 
used the same criterion for the communication tasks 
(participants were not told to read back advisories 
such as weather). Participants spent 20 to 25 minutes 
listening to and responding to the ATC messages 
during the training session. 

2.5.1.2 Familiarization with the Basic General 
Aviation Research Simulator. In the second half of 
the practice session, participants were seated in the 
BGARS and performed a set of standard maneuvers 
to become familiar with its performance characteris- 
tics. This first encounter with the simulator did not 
involve communication with ATC. They also flew a 
30-minute practice mission that was similar to the 
missions in the experimental session. 

2.5.2 Experimental Session. After the first day of 
training, participants returned to the laboratory and 
flew two missions. Before flying, they listened to the 
messages from the first practice task one more time. 
All pilot-controller communication during the two 
experimental missions was recorded on audiotape. In 
addition, the flight displays were recorded on video- 
tape during the flight, which provided partial infor- 
mation about flight performance. Pilots were not 
allowed to write down ATC messages during the 
training and experimental sessions. It was hoped that 
this requirement would increase the sensitivity of the 
communication measures, so that different levels of 



performance that might be created by the ATC 
instruction format and message length variables could 

be detected. 

2.6   Experimental Design 
The study used a mixed analysis of variance 

(ANOVA) design with 2 between-group factors and 
2 within-subject factors. The between-group factors 
were Experimental Condition (Grouping or Con- 
trol) and Mission Sequence (Mission 1 presented 
First or Second), which was primarily a counterbal- 
ancing variable. The two within-subject factors were 
Instruction Type (Critical or Other) and Message 
Length (2 to 5 speech acts). The independent and 
dependent variables presented in Tables 3 and 4 are 
adapted from Morrow et al. (1993); Morrow, 
Rodvold, & Lee, (1994a); and Prinzo, Britton, & 

Hendrix (1995). 
2.6.1 Independent Variables. As shown in Table 

3, the three major groupings of independent variables 
pertain to Subject and Mission, ATC Message, and 
Speech Act. If grouped format has a selective benefit 
on pilot memory for ATC messages, then the re- 

sponses made by participants in the Grouping condi- 
tion will be more accurate for critical instructions 
(i.e., a significant Experimental Condition by In- 
struction Type interaction). If grouped format has a 
general benefit, improving pilot memory for all in- 
structions in ATC messages, then the responses made 
by participants in the Grouping condition will be 
more accurate for all instructions (i.e., a significant 
main effect of Experimental Condition). 

2.6.2 Dependent Variables. The effect of Experi- 
mental Condition (i.e., Instruction Format) and 
Message Length was examined on several measures of 
pilot communication. Dependent variables are illus- 
trated in Table 4 with respect to the following sample 

transaction. 

Speaker Message 
ATC: Sundowner Two Golf Bravo/'descendandmain- 

tain three thousand five hundred/ contact 
approach one one eight point seven 

Pilot: Down to three thousand five/ contact approach 
one one eight point seven/ Sundowner 

Table 3. List of Independent Variables 

Subject and Mission Variables Description 

Instruction Format 
(Experimental Condition) 

Mission Sequence 

ATC Message Variables 

Instruction Type 

Message Length 

Speech Act Variables 

Speech Act Type 

Aviation Topic 

Speech Act Number 

Grouping vs. Control condition. In the Grouping condition, altitude and radio 
frequency instructions were presented in grouped format, and all other speech 
acts that contained numbers were presented sequentially. In the Control 
condition, all instructions and other speech acts that contained numbers were 
presented in sequential format. 

The presentation order that Mission 1 and Mission 2 were flown. 

Critical vs. Other instructions. Critical instructions only involved altitude or radio 
frequency or both aviation topics. Other instructions involved all other aviation 
topics. 

The number of speech acts in a message varied from 2 to 5, including call sign. 

The type of information in a message was classified by its purpose. Address, 
Instruction, Request, or Advisory. 

Speech Act Types were subdivided according to topic (e.g., the topic for an 
instruction could be altitude, radio frequency). 

The ordinal position that a speech act occurred in the message. 



Table 4. Types of Pilot Communication Measures 

Readback Error ATC Message Pilot Error 

Transposition 3,500 5,300 

Intrusion3 118.7 135.7 

Omission 118.7 H8 

Substitution 3,500 4,000 

Requests for Clarification 

Request Repeat of ATC Message 3,500 Say again (altitude) 

Request to Confirm a Readback 3,500 Was that 3,500? 

Readback Strategies 

Readback Format Mismatches4 Three thousand five hundred Thirty-five hundred 

Incomplete Readbacks5 Descend and maintain three thousand 
five hundred, contact approach 118.7 

Down to three thousand / 
Sundowner/(missing freq.) 

Readback Order Mismatches6 Descend and maintain three thousand 
five hundred, contact approach 118.7 

Contact approach 118.7 / down to 
three thousand five hundred 

As shown in Table 4, dependent variables were 
grouped into three primary categories: 1) Readback 
Errors, 2) Requests for Carification, and 3) Readback 
Strategies. Pilot readback errors and requests for 
clarification indicate difficulty with understanding 
or remembering ATC messages, usually requiring 
extra radio time to clarify communication (Morrow 
et al., 1994a). Pilot readback strategies may provide 
additional information about whether instruction 
format or message length influenced pilot memory 
load. Three types of pilot readback strategies were 
examined: a) Readback format mismatches, b) In- 
complete readbacks, and c) Readback order mis- 
matches. Readback format mismatches indicated how 
often participants changed the format of sequential 
or grouped ATC instructions in their readbacks. 
Incomplete readbacks indicated how often pilots 
read back only part of the message (i.e., they failed to 
read back at least one instruction). Readback order 

mismatches indicate how often pilots read back in- 
structions in an order that was different from the 
order originally presented by the controller. The 
Aeronautical Information Manual does not require 
pilots to read back messages in any particular order 
although individual airlines have their own guide- 
lines and recommended practices for their commer- 
cial pilots. 

2.7   Coding ATC-Pilot Communication 
This section describes the coding and analysis of 

voice communications between the controller and 
pilot during each experimental mission. 

2.7.1 Coding Procedures. All of the communica- 
tions between the pilot and controller were tran- 
scribed verbatim and then coded by the primary 
coder, who held a private pilot certificate. The com- 
munications were divided into transactions between 
controller and pilot (defined as a set of messages 

3 Intrusions occur when digits are substituted from a different instruction in the same message. A conservative rule for identifying 
intrusions was developed: There had to be an overlap of two or more digits between the error and another instruction in the message. 
If only one digit is confused, the pilot may simply be guessing rather than confusing instructions. 

4 Format of pilot readback mismatches format of ATC instruction. 
5 Readbacks were counted as incomplete if participants failed to repeat instructions; they were not penalized for not repeating advisory 

information. 
6 Readback order mismatches occur when the read back sequence of speech acts in the message differs from the order in which the 

instructions were issued by ATC. 



between the same controller and pilot with no more 
than 15 sec of silence between messages). Each trans- 
action was divided into controller and pilot messages 
(usually a controller clearance or pilot response to the 
clearance). Then, each message was further divided 
into speech acts (part of the message with a single 
function, such as a call sign or instruction; see Mor- 
row et al., 1993; Prinzo et al., 1995). When needed, 
the primary coder listened to the audiotapes to clarify 
coding decisions (e.g., intonation may indicate 
whether a pilot response is a readback or request for 

clarification). 
2.7.2 Inter-Rater Coding Reliability Estimates. 

One of the principal investigators served as a second 
coder to establish inter-rater coding reliability. The 
primary and secondary coders independently parsed 
and coded the first 18 pilot and ATC messages (52 
speech acts) from the first participant's first mission. 

2.7.2.1 Parsing Decisions. The two coders agreed 
on 5 of 6 transaction divisions. The one disagreement 
occurred when the pilot followed a readback with a 
request for clarification of the same ATC message, 
with 35 seconds elapsing from the initial readback to 
the request. One coder treated the request as part of 
the same transaction because it referred to the same 
ATC message as the preceding pilot response. The 
other coder treated the request as the beginning of a 
new transaction because of the amount of time that 
elapsed between the two pilot messages. It was de- 
cided that any duration longer than 15 sec between 
adjacent transmissions would be treated as the begin- 
ning of a new transaction. A coding variable was 
added that indicated to which ATC message each 
pilot response referred. Percentage agreement be- 
tween the two coders on dividing messages into 
speech acts was high (94% agreement based on 52 
parsing decisions). 

2.7.2.2 Coding. The ATC and pilot messages were 
coded according to the categories described earlier 
(see Tables 3 and 4). The lowest agreement was 88% 
(Instruction format—most disagreements concerned 
assigning "Not applicable" to ATC advisories). There 
was 100% agreement for Speech Act Type, 98% 
agreement for Speech Act Topic, 96% for Readback 
Format Mismatches, and 100% agreement on 
Readback Errors and Requests for Clarification. 

3.0 RESULTS 

3.1 Types of Communication Problems 
We first examined the proportion of different 

types of pilot readback errors and requests for clarifi- 
cation messages. The most frequent type of readback 
error was Substitution (mean proportion^ .04), 
followed by Omission (.003) and Transposition er- 
rors (.002). Of the two types of requests for clarifica- 
tion, Requests to Repeat an ATC message (.08) were 
more frequent than Requests to Confirm a Readback 
(.01). Because the different types of pilot readback 
errors and requests for clarification were so infre- 
quent, we collapsed across subtypes to create a global 
measure of readback errors and a global measure of 
requests for clarification. These two global measures 
were the primary dependent variables in the study. 
Readback Strategies (Readback Format Mismatch, 
Incomplete Readback, and Readback Order Mis- 
match) were also examined. 

3.2   Relationships Between Pilot Communication 
Measures and Individual Difference Variables 

To identify possible covariates for the ANOVAs 
reported below, relationships between the pilot com- 
munication measures and the following individual 
difference variables were examined: participant age, 
total flight hours, and mean WAIS-R7 Digit Span. 
Older participants (r = .36, p < .05) and those with more 
total flight hours (r = .42, p < .05) produced more total 
readback errors. Participant age was positively corre- 
lated with total flight hours, (r = .61, p < .001) and not 
with WAIS-R Digit Span (r = - .15, p = .24). Partici- 
pants with higher WAIS-R Digit Span scores pro- 
duced fewer total requests for clarification (r = - .45, 
p < .001) and readback order mismatches (r = - .32, 
p < .05), while they produced more readback format 
mismatches (r = .47, p < .001). It is possible that those 
participants with higher digit span scores had more 
cognitive resources available to process ATC mes- 
sages, resulting in fewer understanding problems. 

These individual difference variables accounted 
for a modest percentage of the variance in the com- 
munication measures (R2= .10-.22). This finding is 
not surprising, considering that the study involved a 
small, heterogeneous sample of pilots, and the indi- 
vidual difference tasks were domain-general while 

7 The WAIS-R Digit Span, as used in this report, is the mean of the participant's forward and backward digit span scores. It was used 
since these scores were correlated, r = .35, p < .05). 
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the criterion task was aviation-related. Using a sample 
of pilots with similar characteristics, Taylor et al. 
(1994) found a similar relationship (r = - .47) be- 
tween WAIS-R Digit Span scores and readback errors 

during simulated flight. 

3.3   Plan of Analysis 
Three general types of mixed factor ANOVAs were 

conducted on the pilot communication measures. All 
scripted messages were included in the first two 
analyses to maximize the amount of communication 
data per participant. First, the effect of Experimental 
Condition (Grouping or Control), Mission Sequence 
(Mission 1 presented First or Second), and Instruc- 
tion Type (Critical or Other) on the communication 
measures was examined, with Instruction Type, a 
within-subject factor. The Instruction Type factor 
compared the critical altitude or radio frequency 
instructions or both, which were presented in grouped 
format in the Grouping condition and in sequential 
format in the Control condition, with all other in- 
structions (e.g., headings and transponder codes). 
These other instructions were presented in sequential 
format in both experimental conditions. This first set 
of analyses, collapsed across Message Length because 
the levels of the Instruction Type and Message Length 
factors, was not balanced for all messages (i.e., radio 
frequency and altitude instructions were not equally 
likely to occur across messages of different lengths). 
The second set of analyses included Message Length (2 
to 5 speech acts, including call sign) as a within-subject 
factor and it was collapsed across Instruction Type. 

The third set of analyses included only critical 
messages that contained 3 or 5 speech acts. Because 
Message Length and Instruction Type were balanced 
for this subset of messages (frequency or altitude 
instructions or both occurred equally often in the 
short and long messages), both factors were included 
in this analysis. Thus, messages that contained criti- 
cal instructions were analyzed by mixed-factor 
ANOVAs with Experimental Condition and Mis- 
sion Sequence as between-group factors and Instruc- 
tion Type (Critical vs. Other) and Message Length (3 
vs. 5 speech acts) as within-subject factors. Because 
participants in the Grouping and Control conditions 
were mismatched on Age (see Appendix A), and both 
Age and Digit Span scores correlated with several 

communication measures (but not with each other), 
Age and Digit Span scores were included as covariates 
in all ANOVAs. Based on previous research (e.g., 
Salthouse, 1991), we expected participant Age and 
Digit Span to have a greater effect on the communi- 
cation measures under the more difficult message 

conditions. 

3.4   Analyses of Pilot Communication Measures 
Including ATC Instruction Type 

Readback errors, requests for clarification, and 
readback strategy measures were analyzed by an Ex- 
perimental Condition (Grouping vs. Control) by 
Mission Sequence (First vs. Second) by Instruction 
Type (Critical vs. Other) ANOVA, with the latter a 
within-subject factor. If consistently presenting a 
subset of instructions (e.g., radio frequencies and 
altitudes) in grouped format has a selective effect on 
pilot communication, then there should be an Ex- 
perimental Condition by Instruction Type interac- 
tion (improving memory only for the grouped 
instructions embedded within messages). Responses 
made by participants in the Grouping condition 
would be more accurate than responses made by 
participants in the Control condition for instruc- 
tions spoken in a grouped, but not sequential format. 
If grouped format improves pilot memory for all 
instructions (including those that are presented se- 
quentially), there should be a main effect of Experi- 
mental Condition, with fewer communication 
problems occurring in the Grouping rather than 
Control condition. Table 5 presents mean propor- 
tions for the dependent variables by condition for 
this set of analyses. 

3.4.1 Readback Errors. This first analysis did not 
support either hypothesis about the effect of instruction 
format on pilot communication performance. The pro- 
portion of Readback Errors did not vary with Experi- 
mental Condition, F(l,42) < 1.0; Mission Sequence, 
F(l,42) = 2.2, p > .10; or Instruction Type, F(l,42) < 
1.0. The Instruction Type by Experimental Condition 
interaction was not significant, F(l,42) < l.O.8 As ex- 
pected by the correlations reported earlier, the Age 
covariate accounted for a significant amount of variance 
in Readback Errors, F(l,42) = 6.7, p < .05, R2 = .13. All 
other effects were non-significant (p > . 10). 

1 A test of departure from homogeneity (Mauchly's test of sphericity) was not significant for the readback error measure. Also, studies 
have shown that the F test is robust to violations of normality and homogeneity of sample distributions (Keppel, 1973). 
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Table 5. Mean Proportions for Pilot Communication Measures for Analyses with Instruction Type 

Pilot Communication Measures 

Readback Strategies 

Source 
Readback 

Error 
Requests for 
Clarification 

Format 
Mismatch 

Incomplete 
Readback 

Readback Order 
Mismatch 

Experimental Condition 

Grouping 

Control 

.04 

.05 

.07 

.10 

.09 

.03 

.16 

.16 

.29 

.27 

Mission Sequence 

Mission 1 First .06 .10 .05 .18 .27 

Mission 1 Second .04 .07 .07 .13 .29 

Instruction Type 

Critical .08 .12 .12 — ~ 

Other .02 .05 .002 - 

3.4.2 Requests for Clarification. Requests for clarifi- 
cation did not vary with Experimental Condition, 
F(l,42) = 1.9, p > .10; Mission Sequence, F(l,42) = 2.4, 
p > .10; or Instruction Type F(l,42) = 2.4, p > .10. The 
Instruction Type by Experimental Condition interac- 
tion was not significant, F(l ,42) < 1.0. The Instruction 
Type by Mission Sequence interaction was significant, 
F(l,42) = 7.2, p < .05. There were more requests to 
clarify messages that contained critical instructions when 
Mission 1 was first rather than second (First = .16, 
Second = .09 mean proportion requests for clarifica- 
tion), but this was not the case for messages that 
contained other instructions (First mission = .04, Sec- 
ond = .05 mean proportion requests for clarification). 
Finally, the Digit Span covariate had a significant effect, 
F(l,42) = 7.5, p < .01, R2 = .20). As the correlations 
suggest, participants with higher digit span scores re- 
quested fewer clarifications of the ATC messages. 

3.4.3 Readback Strategies. The effect of instruc- 
tion format on the proportion of readback format 
mismatches was examined. The main effect of Ex- 
perimental Condition approached significance, 
F(l,42) = 3.9, p < .06. Table 5 shows a tendency for 
pilots in the Grouping condition to change instruc- 
tion formats more often than pilots in the Control 

condition. While Instruction Type did not influence 
mismatches, F(l,42) < 1.0, the Instruction Type by 
Experimental Condition interaction approached sig- 
nificance, F(l,42) = 3.6, p < .10.' This interaction 
suggests that, when reading back messages, partici- 
pants in the Grouping rather than Control condition 
were more likely to change instruction formats in 
their readback. They primarily changed the format of 
critical instructions that were presented in grouped 
format in the Grouping condition (Grouping = -.17, 
Control = .07 mismatches). The format of other 
instructions was rarely changed in either condition 
(Grouping = .003, Control = .00 mismatches). In 
other words, participants in the Grouping condition 
tended to read back sequentially those altitude or 
radio frequency instructions or both when originally 
presented in grouped format. One interpretation of 
this pattern of findings is that participants who heard 
the relatively novel grouped format tended to change 
the format back to the traditional sequential form in 
the readbacks (despite the training they received on 
the grouped format before the experimental session). 
This suggests an effect of prior experience with the 
sequential format. 

5 Error terms for comparisons and simple main effect analyses were based only on the observations in the subset of data being tested, 
rather than using a pooled error term, as recommended by Keppel (1973). 

12 



There was also an effect of Digit Span, F(l,42) = 
10.9, p < .01, R2 = .22; participants with higher digit 
span scores were more likely to change the instruction 
format. It may be that changing the instruction 
format during readbacks requires additional cogni- 
tive resources and those participants with more re- 
sources (as indexed by digit span scores) were better 
able to transform the information. 

The analyses of incomplete readbacks and readback 
order mismatches did not include Instruction Type 
because this factor applied to individual instructions 
(varying within messages), while the incomplete 
readback and readback order mismatches applied to 
the total message. Incomplete readbacks did not vary 
with Experimental Condition, F(l,42) < 1.0, or 
Mission Sequence, F(l,42) = 1.3, p > .10. 

Readback order mismatches also did not vary with 
Experimental Condition or Mission Sequence, 
F(l,42) < 1.0 for both factors. However, the Digit 
Span covariate was significant, F(l ,42) = 4.1, p < .05, 
R2 = .10. The correlations reported earlier show that 
participants with higher digit span scores were less 
likely to change the presented order of instructions 
while reading back instructions. 

3.5   Analyses of Pilot Communication Measures 
Including ATC Message Length 

The results in this section pertain to the effect of 
Experimental Condition, Mission Sequence, and 
Message Length on the pilot communication mea- 
sures (collapsing across Instruction Type). In addi- 
tion to examining the overall effect of instruction 
format on communication (main effect of Experi- 
mental Condition), we examined if longer messages 
lead to more pilot communication problems. Table 6 
presents the mean proportions for the dependent 
variables by condition for this set of analyses. 

3.5.1 Readback Errors. Readback Errors did not 
vary with Experimental Condition, F(l,42) < 1.0, or 
with Mission Sequence, F(l,42) = 2.0, p > .10. The 
Age covariate accounted for a significant amount of 
variance, F(l,42) = 7.7, p < .01. 

Message Length did influence Readback Errors, 
with errors increasing for longer messages, F(3,126) 
= 3.2, p < .05. A significant quadratic trend compo- 
nent, F(l,42) = 4.6, p < .05, reflected that the 
proportion of Readback Errors tended to level off for 
messages with 4 to 5 speech acts. The effect of 
Message Length also depended on participant Age, 
F(3,126) = 3.2, p < .05. This interaction was analyzed 

by comparing readback errors for participants above 
and below the median age (26 years) for each message 
length (collapsed across the two experimental condi- 
tions). Older participants made significantly more 
readback errors for messages with only three speech 
acts, t(19) = 3.0, p < .01 (see Table 7). 

3.5.2 Requests for Clarification. Requests for clari- 
fication did not vary with Experimental Condition, 
F(l,42) = 1.7, p > .10, or Mission Sequence, F(l,42) 
= 1.9, p >. 10. The Digit Span covariate accounted for 
a significant amount of variance, F(l,42) = 8.4, p < 
.01. Requests for clarification increased with Mes- 
sage Length, F(3,126) = 3.9, p < .05 (quadratic trend, 
F(l,42) = 8.6, p < .01). The Experimental Condition 
by Message Length interaction approached signifi- 
cance, F(3,126) = 2.5, p < .07. Because we had 
predicted that the effect of instruction format would 
depend on message length, planned comparisons 
were conducted, although the interaction was not 
significant. As shown in Table 8, differences in the 
mean proportion of requests for clarification between 
the Grouping and Control conditions were not sig- 
nificant for any individual Message Length condi- 
tion, all t(23) < 1.3, p> .10. 

The effect of Message Length on requests for 
clarification also depended on Age, F(3,l26) = 4.3, p 
< .01. As with Readback Errors, this interaction was 
analyzed by comparing the proportion of requests for 
clarification by participants above and below the 
median age. As shown in Table 9, older participants 
made more requests than younger participants for the 
longest messages, t(19) = 2.3, p < .05 but not for the 
shorter messages, t(19) < 1.0 for all comparisons. 

3.5.3 Readback Strategies. Participants in the 
Grouping condition were more likely than those in 
the Control condition to change instruction formats 
in their readbacks, F(l,42) = 4.3, p < .05. The 
analysis, including Instruction Type described in 
Section 3.4.3, suggested that participants in the 
Grouping condition were likely to read back messages 
that contained grouped ATC instructions in sequential 
format. There was also an effect of digit span scores in 
the present analysis, F(l,42) = 9.6, p < .01. 

Readback format mismatches also depended on 
Message Length, F(3,126) = 2.9, p < .05, with a trend 
for mismatches to increase with the length of the 
messages, linear trend F(l,42) = 5.4, p < .05. This 
influence of Message Length also depended on Digit 
Span, F(3,126) = 6.3, p < .001. This Message Length 
by Digit Span interaction was analyzed by comparing 
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Table 6. Mean Proportions for Pilot Communication Measures for Analyses with Message Length 

Source 

Pilot Communication Measures 

Readback Strategies 

Readback       Requests for Format Incomplete     Readback Order 
Error Clarification       Mismatch        Readback Mismatch 

Experimental Condition 

Grouping .03 .06 •07 •12 .34 

Control .04 .08 .02 .15 .30 

Mission Sequence 

Mission 1 First .05 .08 .04 .16 .31 

Mission 1 Second .03 .06 .05 .11 .33 

Message Length 

2 Speech Acts .00 .01 .01 .01 

3 Speech Acts .03 .03 .07 .03 .15 

4 Speech Acts .06 .08 .07 .11 .24 

5 Speech Acts .07 .17 .04 .39 .56 

Table 7. Mean Proportion Readback Errors Presented by Participant Age and Message 
Length  ._ ' 

Source 

Participant Age 

Older participants (N = 10, Age = 36.5) 

Younger participants (N = 10, Age = 22.5) 

.10 

.04 

Message Length 

3 Speech Acts 4 Speech Acts 5 Speech Acts 

.08 

.04 

.07 

.07 

Table 8. Mean Proportion Requests for Clarification Presented by Experimental Condition 
and Message Length 

Message Length 

Source 2 Speech Acts 3 Speech Acts 4 Speech Acts 5 Speech Acts 

Experimental Condition 

Grouping 

Control 

.02 

.00 

.02 

.03 

.06 

.10 

.14 

.19 
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Table 9. Mean Proportion Requests for Clarification Presented by Participant Age and 
Message Length 

Message Length 

Source 2 Speech Acts 3 Speech Acts 4 Speech Acts 5 Speech Acts 

Participant Age 

Older participants .03 .03 .10 .22 

Younger participants .00 .04 .07 .12 

readback format mismatches for participants above 
and below the median digit span score (median span 
= 8.0). High and low digit span groups did not differ 
in age, education, or flight hours. Although the 
results for the longer messages suggested that partici- 
pants with higher digit span scores produced more 
readback format mismatches than participants with 
lower digit span scores, the differences were not 
significant for any of the message lengths, t(l 9) < 1.6, 
p > .10 for all comparisons. 

The number of incomplete readbacks did not vary 
with Experimental Condition, F(l,42) < 1.0, or 
Message Length, F(3,126) < 1.0. Messages with 2 
speech acts (i.e., call sign plus 1 instruction) and 
incomplete readbacks with only 1 instruction were 
excluded from the analysis of Readback Order Mis- 
matches because an order analysis requires at least 2 
instructions in the readback. Readback order mis- 
matches did not vary with Experimental Condition, 
F(l,42) < 1.0, or Mission Sequence, F(l,42) < 1.0. 
Readback order mismatches did, however, vary with 
Digit Span scores, F(l ,42) = 4.6, p < .05. Participants 
were also more likely to read back instructions in a 
different order for longer ATC messages; linear trend 
component F(2,84) = 5.7, p < .05. It is possible that 
the effect of message length on readback order mis- 
match reflects a differential recency effect. However, 
this possibility cannot be assessed in the present study 
because readback order mismatches were coded as a 0/ 
1 variable, rather than coding the actual order in which 
instructions were read back when a mismatch occurred. 

3.6   Analyses of Critical Messages Including 
Both Instruction Type and Message Length 

The final set of analyses examined only long (5 
speech acts) and short (3 speech acts) messages with 
equal numbers of critical instructions (altitude or 
radio frequency presented or both in grouped format 

in the Grouping condition and sequentially in the 
Control condition). Therefore, Message Length and 
Instruction Type were balanced for these analyses. 
The pilot communication measures were analyzed by 
a mixed-factor ANOVA with Experimental Condi- 
tion and Mission Sequence as between-group factors 
and Instruction Type (Critical or Other) and Mes- 
sage Length (Short or Long) as within-subject fac- 
tors. Participant Age and Digit Span scores were 
included as covariates. Table 10 presents the mean 
proportions for the dependent variables by condition 
for this set of analyses. 

In addition to examining whether the effect of 
instruction format had a selective or a general effect 
on communication and whether message length in- 
creased communication problems, these analyses al- 
lowed us to test whether instruction format effects 
depended on message length. This subset of data was 
more controlled than the total data set in the sense 
that critical instructions occurred equally often in the 
longer and shorter messages. Therefore, error rates 
may be higher because previous research has demon- 
strated that communication problems are especially 
likely for these instructions (Cardosi, 1996; Prinzo, 
1996). Thus, the present analyses may be more sen- 
sitive to effects of the independent variables. On the 
other hand, this analysis reduces the chances of find- 
ing an effect of message length because the range of 
this variable was truncated. 

3.6.1 Readback Errors. Readback Errors did not 
vary with Experimental Condition, F(l,42) < 1.0, 
Mission Sequence, F(l,42) = 2.3,p> .10; Instruction 
Type, F(l,42) < 1.0; or Message Length, F(l,42) < 
1.0. The Experimental Condition by Instruction 
Type and the Experimental Condition by Message 
Length interactions also were not significant, F( 1,42) 
< 1.0 for both. 
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Table 10. Mean Proportions for Pilot Communication Measures for Analyses with both Experimental 
Condition and Message Length 

Pilot Communication Measures 

Source 
Readback Error Requests for 

Clarification 
Readback Format 

Mismatch 

Experimental Condition 

Grouping 

Control 

.05 

.04 

.07 

.13 

.08 

.03 

Mission Sequence 

Mission 1 First 

Mission 1 Second 

.05 

.04 

.10 

.09 

.06 

.05 

Instruction Type 

Critical 

Other 

.06 

.03 

.12 

.08 

.11 

.05 

Message Length 

3 Speech Acts 

5 Speech Acts 

.03 

.06 

.03 

• 16 

.04 

.07 

3.6.2 Requests for Clarification. This analysis pro- 
vided the only evidence that pilot comprehension 
and memory for ATC messages was improved by 
presenting instruction speech acts in a grouped for- 
mat. Participants in the Grouping condition made 
fewer requests for clarification than participants in 
the Control condition, F(l,42) = 4.1, p < .05. This 
advantage of the grouped format was not limited to 
instructions that were presented in grouped format 
because the Experimental Condition by Instruction 
Type interaction was not significant, F(l,42) < 1.0. 
The effect of the Age covariate approached signifi- 
cance, F(l,42) = 3.7, p < .07. 

Neither the main effect of Experimental Condi- 
tion, F(l,42) < 1.0, nor Message Length were signifi- 
cant, F(l,42) = 1.0. However, there was a significant 
Experimental Condition by Message Length interac- 
tion, F(l,42) = 5.6, p < .05 (see Table 11). The effect 
of instruction format was greater for the longer mes- 
sages than for the shorter messages. The same pattern 
occurred for the analysis with all 5 levels of the 
Message Length variable, although that interaction 
was not significant. This pattern of message length 
effects suggests that the influence of grouped format 

on requests for clarification was more apparent for 
the longer messages. The benefits of differential cod- 
ing of the information may be more likely to occur for 
longer messages, which impose additional demands 
on working memory. 

The effect of Message Length also depended on 
Age, F(l,42) = 6.8, p < .05. To analyze this interac- 
tion, the proportion of requests for clarification made 
by older and younger participants after short and 
long messages was compared. Older participants pro- 
duced more requests for clarification than younger 
participants for longer messages (01der= .21, Younger 
= .12 mean proportion requests for clarification), 
t(19) = 2.4, p < .05, but not for shorter messages 
(Older = .04, Younger = .03 mean proportion re- 
quests for clarification), t(19) < 1.0. 

3.6.3 Readback Format Mismatches. As shown by 
the aggregate means presented under the title 
"Marginals" in the final column of Table 12, there 
were more readback format mismatches under the 
Grouping condition than under the Control 
condition, F(l,42) = 4.5, p < .05. A marginally 
significant Experimental Group by Instruction Type 
interaction, F(l,42) = 3.6, p < .07, suggested that 
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Table 11. Mean Proportion Requests for Clarification Presented by Experimental Condition 
and Message Length 

Critical Message Length 

Source 3 Speech Acts 5 Speech Acts 
Mean Experimental 

Condition 

Experimental Condition 

Grouping .02 .14 .07 

Control .04 .19 .13 

Mean Message Length .03 .16 

Table 12. Mean Proportion Readback Format Mismatches Presented by Experimental Condition 
and Message Length 

Source 

Grouping Condition 

Critical 

Other 

Control Condition 

Critical 

Other 

Message Length 

Short Long Marginals 

II .08 

.20 .10 .15 

.01 .01 .01 

^^^^^^B HHHH .03 

.08 .06 .07 

.00 .00 .00 

participants in the Grouping condition were more 
likely than participants in the Control condition to 
change the format of altitude and frequency instruc- 
tions, which were presented in grouped format 
(Grouping = .15, Control = .07 readback format 
mismatches). Participants in both conditions rarely 
changed the format of Other instructions, which 
were always presented sequentially (Grouping = .01, 
Control = .00 readback format mismatch). 

A significant Experimental Group by Message 
Length interaction, F(l,42) = 5.2, p < .05 (see the 4 
means presented in the shaded areas in Table 12) 
suggested that participants in the Grouping condi- 
tion were more likely to change the format of instruc- 
tions in shorter, rather than in longer messages. 
Participants in the Control condition rarely changed 

speech act format for either short or long messages. 
Finally, an Experimental Group by Instruction Type 
by Message Length interaction, F(l,42) = 6.5, p < 
.05, showed that the effect of Message Length in the 
Grouping condition was restricted to altitude and 
radio frequency instructions that were spoken in a 
grouped format. Participants in the Control condi- 
tion who heard all of the altitude and radio frequency 
instructions spoken sequentially rarely changed speech 
act format, regardless of Instruction Type or Message 
Length. There was also an effect of digit span scores 
on readback format mismatches, F(l,42) = 11.6, p < 
.001. Findings for the readback order and incomplete 
readback analyses are not reported because they were 
similar to those from the analyses that used only 
instruction format or message length. 
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4.0 DISCUSSION 

4.1 ATC Instruction Format 
This study provided little support for the primary 

hypothesis that General Aviation pilots would better 
remember ATC messages in which some instructions 
were consistently presented in grouped rather than 
sequential format. The only supporting evidence 
comes from the analysis of requests for clarification 
of critical instructions that contained either 3 or 5 
speech acts (including call sign). Participants who 
received instructions to change altitude or radio 
frequency or both in grouped format produced fewer 
requests than participants who received the numbers 
spoken sequentially as discrete digits. The absence of 
a significant Instruction Type by Experimental Con- 
dition interaction suggests that the grouped format 
appeared to have a general effect on pilot memory for 
ATC messages. Perhaps consistently presenting only 
a subset of instructions in grouped format (i.e., 
altitudes and frequencies) improves memory for all 
information in the message. It may be that the unique 
coding of the altitude and frequency vs. other in- 
structions in the same message reduces interference 
in working memory (also see Burki-Cohen, 1995; 
Loftus et al., 1979). The Experimental Condition by 
Message Length interaction for requests to clarify 
critical messages suggested that the grouped format 
might mitigate the effects of message length on pilot 
memory (see the next section), perhaps by reducing 
interference effects among parts of the longer mes- 
sages in working memory. Burki-Cohen (1995), on 
the other hand, found some evidence that grouped 
format was especially likely to reduce pilot memory 
for longer ATC messages. Clearly, more research will 
be needed to clarify the conditions under which the 
grouped format helps or hinders pilot communication. 

The readback format mismatch measure clearly 
showed that participants in the Grouping and the 
Control conditions processed ATC messages differ- 
ently. While the grouped format had a general effect 
on requests for clarification, this format appeared to 
have a more selective effect on the strategy of chang- 
ing the ATC instruction format when reading back 
ATC messages. Participants in the Grouping condi- 
tion primarily changed the format of instructions 
presented in grouped rather than sequential format, 
which suggests that past experience with sequential 
formats influenced how pilots processed the ATC 
messages. Despite having received training on grouped 

formats, participants translated the relatively novel 
format back into the sequential format typically used 
in ATC communication. The fact that participants 
with higher digit span scores were more likely than 
those with lower digit span scores to change formats 
suggests that this translation process required addi- 
tional cognitive resources, which could have inter- 
fered with message comprehension (however, 
correlations between readback format mismatches 
and readback errors or requests for clarification were 
not significant in the present study). Additional 
training on listening and reading back grouped in- 
structions might eliminate this translation process 
and might increase the benefits of grouped format on 
pilot comprehension and memory for ATC messages. 

Before making conclusions about the effect of 
grouped format on pilot memory, the reader should 
remember that significant differences between the 
Grouping and Control conditions occurred only for 
those messages that contained 3 or 5 speech acts. The 
benefits of grouping were not realized for the full set 
of 28 scripted messages (i.e., other messages and 
messages that contained 2 or 4 speech acts). Differ- 
ences also were not found for readback errors, per- 
haps because there were so few in the present study. 
The practice data, which produced higher readback 
error rates than in the experimental missions, may 
yield further evidence for benefits of ATC instruc- 
tion format on pilot communication; those data will 
be analyzed. 

Even the limited support for benefits of grouped 
format on pilot memory contrasts with previous 
studies, which found no evidence that grouped for- 
mat improved memory (Burki-Cohen, 1995; Parker- 
Haney, 1991). Several differences in the procedure 
and design of the present study may explain this 
difference. 

First, participants in the present study practiced 
responding to ATC messages before the experimental 
flights. They were more likely to develop recoding 
strategies based on the grouping cues (although this 
practice appeared to be insufficient to overcome 
effects of past experience). 

Second, by restricting the grouped format to a 
subset of instructions, this study encouraged unique 
encoding of information in the ATC messages that 
should reduce the build up of interference in working 
memory. Indeed, the Loftus et al. study (1979), 
which found some evidence for grouping benefits, 
provided both high levels of practice and also restricted 
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grouping to one type of ATC instruction. It is also 
interesting that the Loftus study involved non-pilots, 
which eliminated the possibility that prior experience 
with sequential formats would create interference 
with the less familiar grouped format. 

Third, by examining performance in the context 
of a flight, the present study may have encouraged 
pilots to develop strategies that could be used during 
actual flight conditions. However, it is possible that 
the flight context might discourage the use of group- 
ing cues because the constraints associated with ac- 
tual flying conditions might facilitate communication 
to such an extent that pilots would not need to rely on 
these cues. For example, some General Aviation and 
Commercial pilots will write down parts of ATC 
messages as they are being given by controllers. Also, 
Jeppesen charts include the radio frequencies and 
approach and departure procedures for airports. We 
did not assess these possibilities because the scenarios 
used in the present study did not involve the procedures 
actually used at the airports, and we did not measure the 
participants' familiarity with these procedures. 

4.2 ATC Message Length 
Like several earlier laboratory studies (Morrow, 

Rodvold, McGann, & Mackintosh, 1994b) and field 
studies (e.g., Cardosi, 1993; Morrow et al., 1993), the 
present study found that communication problems 
(both readback errors and requests) were more likely to 
occur for longer ATC messages. These findings suggest 
that longer messages increased demands on pilot memory. 
Participants were also likely to re-order instructions in 
longer messages, presumably as a way of coping with 
increased demands on working memory (also see Mor- 
row et al., 1994b). The finding that Requests for Clari- 
fication correlated with WAIS-R Digit span scores, and 
that longer messages involved greater age differences for 
requests, provides further evidence that the ATC mes- 
sages in this study imposed demands on limited work- 
ing memory capacity (see below). 

4.3 Individual Differences in Communication 
Performance 

Participants with higher WAIS-R Digit Span scores 
tended to produce fewer requests for clarification and 
were more likely to change the format of instructions 
in the ATC messages. Similarly, Taylor et al. (1994) 
found that General Aviation pilots with higher WAIS- 
R Digit Span scores made fewer readback errors. It is 

possible that those participants with higher digit span 
scores had more cognitive resources available to pro- 
cess ATC messages, and thus were better able to 
understand and remember the messages (as indexed 
by requests for clarification). They also had more 
resources available to reprocess the information, for 
example, by changing the format of the instructions 
in the message. Participants with higher digit span 
scores also were less likely to change the order of 
instructions in their readback. If re-ordering infor- 
mation (i.e., repeating the last instruction first) is 
considered a strategy for reducing memory load (Mor- 
row et al., 1994b), pilots with higher digit span scores 
may have less need to use this strategy. 

Age differences were related to both readback 
errors and requests for clarification. Although it is 
somewhat surprising to find age differences among 
pilots within such a young sample (19 to 46 years), it 
is not unprecedented. Morrow, Leirer, and Yesavage 
(1990) found that General Aviation pilots primarily 
in their forties produced more readback errors than 
pilots in their twenties in a simulated flight environ- 
ment. Moreover, in the present study, the Age by 
Message Length interaction for Requests for Clarifi- 
cation is consistent with the Age by Task Complexity 
interaction predicted by theories that posit age de- 
clines in cognitive resources such as processing speed 
or working memory capacity (Salthouse, 1991). 

5.0  CONCLUSIONS 

The present study, like several earlier studies, 
found that longer ATC messages imposed heavier 
demands on pilot memory and may increase the 
likelihood of communication problems. Also, there 
was only limited evidence that grouped instruction 
format improves pilot memory for ATC messages. 
However, the benefits of the grouped instruction 
format may be most evident when demands are high. 
It is possible that the manner in which digits are 
spoken, either sequentially or in grouped format, 
produces subtle effects on pilot comprehension and 
memory, and would require a more sensitive experi- 
mental design to produce more definitive evidence 
for these effects. For example, a larger sample of 
participants or more communication data per par- 
ticipant by phase of flight might have produced a 
clearer picture of the effects of ATC speech act format 
on pilot performance. 
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We did find that pilots tended to translate grouped 
formats into the more familiar sequential format 
when reading back ATC messages. This finding high- 
lights issues related to introducing a new procedure 
into an existing environment. It suggests the impor- 
tance of communication training for overcoming 
interfering effects of past experience with ATC com- 
munication. It also raises the possibility that grouped 
formats in ATC messages would provide greater 
benefits for new pilots, who would not have prior 
experience with sequential formats in ATC commu- 
nication. Of course, any change in format, or other 
aspects of ATC communication, would pose a tran- 
sition problem for pilots trained under the existing 
system. While participants in the present study were 
General Aviation pilots with only limited flying ex- 
perience, the two earlier studies that found little or no 
benefits of grouping format used highly practiced 
airline pilots as participants (Burki-Cohen, 1995; 
Parker-Haney, 1991). Airline pilots might encounter 
greater carry-over from past experience listening to 
and reading back numbers in a sequential format and 
may require more communication training to benefit 
from grouped format. It is also possible that a change 
from sequential to grouped formats would reduce the 
distinctiveness of some numbers (perhaps due to 
novelty), which could increase the possibility of some 
confusion in pilot-controller communication. This 
possibility could not be addressed in the present 
study because of the limited number of readback 
errors. Clearly, we need to better understand the 
potential benefits and costs of using the grouped 
format for ATC instructions, arid the conditions 
under which these benefits might best be realized, 
before recommendations for changing ATC instruc- 
tion format are made. 
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APPENDKA 

Demographic Data for Participants 

Variable 

Experimental Condition 

t-test 

(df=22) 

Grouped Control 

Mean Range Std Mean Range Std 

Total overall flying hours 1766.6 165-5000 1920.0 855.8 855.8 789.2 1.5 

Total IFR hours 321.5 .05-2300 646.8 98.5 98.5 55.8 1.2 

Recent overall hours 52.5 0-150 48.4 93.3 93.3 92.4 1.4 

Recent IFR hours 8.5 0-27 11.0 10.7 10.7 12.9 <1.0 

Years of flying 10.3 1-27 7.7 3.9 3.9 2.6 2.7* 

Education (years) 14.8 12-16 1.6 15.4 15.4 1.4 <1.0 

WAIS-R Digit Span Score 

Forward 9.2 9.2 2.5 8.8 8.8 2.6 <1.0 

Backward 7.5 7.5 2.2 7.1 7.1 2.0 <1.0 

Average Digit Span 8.3 8.3 2.2 7.9 7.9 1.5 <1.0 

Age 33.0 33.0 9.2 24.5 24.5 3.3 3.0** 

*p<.05;**p<.01. 
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