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Short-Term Memory Factors in Ground
Controller/Pilot Communication

GEOFFREY R.LOFTUS!, University of Washington, Seattle, Washington, VERONICA J. DARK,
Urniiversity of Maryland Extension, Madrid, Spain, and DIANE WILLIAMS, University of Califor-

nia, San Diego, Caltfornia.

Communication between ground controllers and piluts was simulated in g short-tern nem-
ory task in order 1o explove sources of memory ervars in the air traffic control svstem. As
cxpected from prior short-tenn memory research, two major determinants of error probability
were (1) amount of information that the pilot has 10 process in a given time and (2) retention
interval benwveen the time infonnation is transmitted from the controller and the time it is
acted on (recalled) by the pilor. Additionally, the manner of encoding numerical information
was varied. The result of this manipulation indicated that, as suggested by recent research in
cognitive psychology, the current information-cnicoding scheme has substantial room for
improventent m termys of minimizing memory failure.

INTRODUCTION

The current air-traffic control svstem in-
volves a good deal of radio communication
between controllers and pilots. Much of this
communication consists of messages issucd
to the pilot by the controller, and the major-
ity of these messages contain numerical in-
formation that the pilot must use in some
way. Table 1 provides some examples of dif-
ferent types of numerical information con-
tained in messages along with the use the
pilot must make of the information.

Personal experience and personal com-
munication with pilots suggests that pro-
cessing and dealing appropriately with

comtroller-issued instructions may, under

some circumstances, place a rather heavy
burden on a pilot's memory. Two such cir-

! Reguests fur reprinis should be sent to Geoffrey R. Lof-
tus, Department of Psychology, University of Washington,
Seattle, Washingion 98195, U.S.A.

@ 1979, The Human Facters Society, Inc.
Al rights rescrved.

cumstances that occur fairly frequently are
{1} a controller message that contains more
than one instruction {e.g., "fly heading 030
degrees and descend to 3500 feet”) and (2} the
necessity of performing some kind of distract-
Ing activiiv {e.g., consulting a chart, checking
the instruments, putting down a sandwich,
etc.) between the time an instruction is issued
and the time that the instruction is acted
upon.

A Laboratory Analogue of ControlleriPilot
Connmunication

When provessing and carrving out instruc-
tions issued by a controller, the pitot's princi-
pal task is to hold some amount of informa-
tion in memory for periods of time ranging
from © to perhaps 20 seconds. A laboratory
paradigm that requires a subject to perform a
similar sort of task was introduced by Brown
(1958} and Peterson and Peterson (19593
Table 2 describes this paradigm and itlus-
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TABLE 1

HUMAN FACTORS

Examples of Types of Messages Involving Numerical Informarion

Message
Squawk 7123
Contact on 121.3
Descend to 7500
Fly heading 275
Altimeter 3004

Land/taxi Runway 29
Except clearance at 40

Change transponder code to 7123

Change radio frequency to 121.3 megahertz

Go down to 7500 feet

Change direction so as to end up on a heading of 275°

Set altimeter adjustment to compensate for the fact that barometric pres-
sure is 30.04 inches

Land on/taxi to Runway 29

Stay in a holding pattern until 40 minutes after the hour when further in-

structions will be issued

Maintain 100 knots
Wind 080G at 17
Cesna 11624, United 279

Maintain a speed of at least 100 knots
Nate that wind direction is from 80° at a speed of 17 knots
Aircraft designations

trates the correspondence between it and the
pilot’s task. In the Brown-Peterson task, cach
of a series ol trials consists of {1) presentation
to a subject of some information (e.g., three
unrelated letters followed by (2) a variable-
length retention interval. At the end of the
retention interval, the subiect (3) attempts o
recall the information that had initially been
presented. The subject is reguired 10 perform
some kind of distracting activity (e.g., count-
ing backward by threes) duving the retention
interval in order o preveni rehearsal of the
to-be-retmembered information.

TABLE 2

Over the past 15 vears, literallv hundreds
of experiments using the Brown-Peterson
paradigm have appeared in the psvchological
literature. The universal result tound in these
experiments is that performance is very high
at a retention interval of 0 and then declines
to some asymptotic leve! by about 15 seconds,
The asvmptotic performance level vartes both
within and between experiments, depending
in large part upon manipulations taking
place at the time the to-be-remembered in-
tormation is originaliv presented.

Two-store theories of memorvy {e.g., Atkin-

A Tvpical Trial in Brown-Peterson Paradigm and the Controller/Pilot Analogue

Brown-Peterson Paradigm

Controlier/Pitot Analogue

1. Present to-be-remembered
information (e.g., BKG)

2. Variable-length ratention

intarval in which subject

performs distracting activity

(e.g., counting backward by

threes) to prevent rehearsal

ot {o-be-remembered information

3. Recall signai—subjec! attempts
to recall information

. Transmit {o-be-acted-on message

(e.g.. Altimeter 2997)

2. Variable-length of time in

which pilot must perfarm
distracting activity (e.q.,
finishing conversation with
passenger) which prevents him
from rehearsing or acting on
massage.

3. Pilot's attention freed and he

attempts to recall and act on
message {dial 29.97 into
altimeter)

LN
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son and Shiffrin, 1968; 1970, Glanzer, 1972)
ascribe the declining portion of the Brown-
Peterson curve to forgetting from a transient
repository of information known as short-
term store. Asvmptotic performance, on the
other hand, is assumed to be based on infor-
mation transferred to a more permanent
memory store {long-term store) at the time
the stimuli were originally presented.

The present experiment was designed to
simulate the pilot’s memory task in a con-
trotled, laboratory setting within the context
of the Brown-Peterson paradigm. Two types
of to-be-remembered messages were used in
the experiment: (Ia) a place to cuntact plus
{th) a four-digit radio frequency (e.g., Sealtle
Approach Control on 1214) and (2) a four-
digit radar transponder code (e.g., 7227). The
nature and background of these two tvpes of
messages will be discussed in more detail.

Four practically oriented issues were
explored in the experiment. The first three
involved examination of variables known
from past research to affect short-term mem-
ory performance. Identification of the mag-
nitude of these effects with the present,
aviation-related stimuli will indicate the rel-
ative importance of various factors in an ac-
tual controlier/pilot interaction. The fourth
issue involved some preliminary exploration
of a relatively uncharted domain: the means
by which wansmitted information mav be
encoded optimally so as to minimize errors
caused by short-term forgetting.

Forgetting functions. The first issue in-
volved examination of forgetting functions
for the two tvpes of information. In particu-
lar, it was of interest to determine whether
rate ol forgetting and/or asymptotic perfor-
mance level would ditfer for the various tvpes
of information.

Effects of memory load. Past research has
suggested that forgetting rate is faster andior
asvmptotic performance is lower, the more
information the subject is inttially given to
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remember (Melton, 1963 Murdock, 1961). To
examine this issue, subjects were, on some
trials, given onlv one message consisting of
either one or two pieces of information (ie., a
place/frequency or a transponder code) to
remember, On other trials, subjects were
given two messages, involving all three kinds
of information (i.e., both a place/frequency
and a transponder code) to remember.

Sequential effects. A number of experiments
using the Brown-Peterson paradigm have
suggested that performance on some trial, #
+ 1, mav be improved by increasing the time
interval between trial 1 + | and the preced-
ing trial, n {e.g., Peterson and Gentile, 1963).
This effect is examined in the present experi-
ment.

Encoding of rransmiited information. The
standard practice in the current air-traffic
control svstem is to transmit virtually all
tvpes of numerical information in a digit-by-
digit fashion. Thus, for example, the radio
freguency 118.2 would be transmitted as
"one-one-eight-point-two.” For convenience
of discourse, this tvpe of encoding system is
referred to as a same-encoding svstem. An al-
ternate 1vpe of encoding system would be to
have each type of numerical information en-
coded in its own unigque wayv. An example of
such a unigue-encoding systerm would be to
encode radio frequencies in the digit-by-digit
manner described above but to encode tran-
sponder codes as two pairs of double digits
{e.g., “7227" would be encoded as “'seventy-
twa, twentv-seven’').

Several lines of research suggest that the
unique-encoding svstem would lead to fewer
errors than the presently used same-encoding
svstern. Perhaps the most direct evidence
comes from a series of studies by Yntema
(Yntema and Mueser, 1960; Yntema, 1963). In
these studies, subjects had to keep track of the
states of several variables {analogous to, for
example, the state of a radio frequency and
the state of a transponder code ). These studies
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tound subjects to be considerably better when
each variable had its own unique set of states
relative to when the variables had states in
common.

In the short-term memory literature, much
attention has been paid to the phenomenon of
“release from proactive interference.” In its
broadest sense, “proactive interference’ is a
label referring to the fact that subjects show
little or no short-term forgetting on the first
trial of a Brown-Peterson task (Keppel and
Underwood, 1962). Likewise, 'release from
proactive interference’ refers to the fact that
if, during a Brown-Peterson task, the type of
stimulus material is changed from trial n to
trial m + 1 (e.g., from letters on trial »n to dig-
its on trial n + 1), then subjects will show a
substantial decrease in forgetting on trial n +
1. The typical explanations advanced for this
phenomenon (e.g.., Loftus and Patterson,
1975} involve the following notion. Suppose a
subject must remember two pieces of infor-
mation, A and B, that are presented in close
temporal proximity. To the extent that A and
B may be differentially encoded, thev will be
less confusable, and hence easier to recall.
Carrving this notion over to the controller/
pilot situation, it seems reasonable to expect
that two pieces of numerical information will
be easier to remember to the extent that thev
are uniquely encoded.

To test the relative efficacy of the unique as
opposed fo the same-encoding svstem, infor-
mation corresponding to the transponder
code was transmitied in one of two wavs on
different trials in the present experiment. On
some trials, the code was transmitted digit-
by-digit (e.g.. seven-two-two-seven). On other
trials, the code was transmitted as two
double-digit numbers {e.g., seventv-twao,
twenty-seven). Radio frequencies were al-
wavs transmitted digit by digit. The former
tvpe of trial, therefore, involves use of a
same-encoding svstem, whereas the latter
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tvpe of trial involves use of a unique encoding
svstem.

METHOD

Subjects

Four female undergraduates responding to
a posted notice served as subjects. All sub-
jects were naive with regard to anything hav-
ing to do with aviation or with the air-traffic
control system, Each subject agreed to partic-
ipate in 19 30-min sessions and was paid $2
per Session.

Stimnli

As noted above, two types of messages were
used: (1) a place 10 contact plus a radio fre-
quency and (2) a transponder code. The
means by which these messages were gener-
ated are described in some detail below. In
order to acquaint the reader with the practi-
cal significance of these messages, however, a
brief descripiion of how they are incorpo-
rated within the air traffic control system is
necessary.

Air traffic conrrol. Virtually all commercial
flights {as well as many private flights} are
made within the context of the air-iraffic con-
trol system. When within this system, an air-
craft is in communication with a series of
ground controllers, Which controller an air-
craft is in communication with at any given
time depends on the current geographical po-
sition of the aircraft.

Control entities. For the purposes of the
present experiment, a pilot is always as-
sumed to be communicating with one of two
control entities: a center or an approach con-
trol. The geographical domain of a center is
large, generally including several states. The
designation of the center is generally the
name of a large citv sitwated within the
boundaries of the center (e.g., New York Cen-
ter, Cleveland Center, eic.}. The geographical
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domain of an approach control, on the other
hand, consists of a roughly circular area, ap-
proximately 80 km in diameter, around a
major airport. The designation of an ap-
proach control consists either of the name of
the airport or of the name of the ¢itv in which
the airport is located (¢.g., Kennedy Approach
Control, Boston Approach Control, etc.).

Radio frequencies. Whenever an aircraft
moves across a boundary dividing one control
entity from another, the aircraft is “handed
off" from one controller in the entity being
departed to another controller in the entity
being entered. For example, an aircraft flying
into Boston would, until it was about 40 km
from Boston, be under the jurisdiction of Bos-
ton Center. Upon crossing a geographical
boundary into the jurisdiction of Boston Ap-
proach Control. the aircraft would be handed
off via an instruction trom Boston Center
such as “contact Boston Approach Control on
123.1.” The pilot would then change his radio
frequency to 123.1 and inform Bosion Ap-
proach Control that he was now on that fre-
QUENCY.

Within a singie control entitv, there are
typically several different radio frequencies
used for communicating with aircraft located
in different geographical subareas within the
domain of the entitv. Consequently, a pilot is
instructed to change radio frequencies when
passing from one subarea to another. The fact
that a pitot must change radio frequencies
both between and within control entities
means that such frequency changes must be
carried out [airly often.

Travsponder codes. A controller keeps track
of aircraft positions by watching “blips" on a
radar screen, each blip corresponding to a
single aircraft. Many aircraft are equipped
with devices called transponders. A tran-
sponder recognizes a signal sent out by aradar
transritter on the ground and transmits back
{transponds) another signal using any one of
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1096 different transponder codes. Typically,
the ground controller instrucis each aircraft
under his jurisdiction to transpond using a
different code. A computer on the ground can
then sort out the incoming codes and therehy
uniquely identifv each transponding aireraft
on the radar screen. (Such a svstem greatly
simplifies the job of the controller, who other-
wise would have to constantly remember
the identity of each blip on his screen).

A transponder code consists of a four-digit
number, each digit ranging from 0-7 (hence
the 8' or 4096 separate codes). Due 1o various
exigencies of the air traftic control svstem,
pilots are instructed to switch codes fairlv
frequently, often in conjunction with a switch
in radio frequency. The term used to request a
transponder code switch is “squawk”; thus,
for example, an instruction to switch tran-
sponder code to 7227 would consist of the mes-
sage, “squawk 7227 (The term “squawk’”
derives [rom the fact that a transponder was
originallv viewed as “parroting back” radar
signals, and parrots squawk.}

Generation of stimuli. The actual messages
used in the experiment were generated as fol-
lows.

(1} Placce/frequency messages. Six control en-
tities, three centers, and three approach con-
trols were chosen arbitrarilv and were used
throughout the experiment. These entities
were: Seattle Center, Oakland Center, Salt
Lake Ciry Center, Seattle Approach Control,
Portland Approach Control, and McChord
Approach Control. (McChord is an Air Force
basc near Seattle). Whenever one of these en-
tities was used in a message, it was paired
with & radio frequency. The radio freguency
was of the form abc.d where a = 1 and %, ¢,
and d were randomly chosen digits with the
restriction that 1 = b = 2, The digits were
alwaysread sequentially and included the dec-
imal point. Thus, for example, the pair Seat-
tie Center and [28.Y would be read as “"Con-
tact Seattle Center on one-two-eight-point-
nine.”

(2} Transpender code messages. Information cor-
responding to a transponder code alwavs con-
sisted of four octal digits. There were two
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methods of presenting the digits which we
designate as “chunked” and “'sequential.”
Chunked digits were read as a pair of two-
digit numbers. For example, 4273 was pre-
sented as forty-two—short pause—seventy-
three on chunked trials. On a trial invelving
scquential presentation, the same transpon-
der code would be presented as “four-two-
seven-three.” The first and third digits ol a
transponder code consisted of randomly
selected digits from 1 1o 7 (inclusive) while the
second and fourth digits were chosen from 0
to 7 {inclusive). There were no restrictions on
repetition within the four digits.

All stimuli were presented in a female voice

over ecarphones via a tape recorder.
Design and Procedure

Each of the four subjects participated in 19
sessions. The first was a preliminary session
in which the subjects were given an explana-
tion of the air-iraffic control system and in-
troduced to the procedures of the expertment.
The second and third sessions were practice
sessions, and the final 16 sessions were ex-
perimental sessions,

Each session consisted of 72
Peterson trials. Each trial consisted of (1) pres-
entation of the message or messages, (2) a

Brown-

variable retention interval during which the
subject was required to repeat back rapidly
presented random letters, {3} a recall signal,
and {4} a 10-s recall period during which the
subject attempted to recall the information
presented at the start of the triai. Recall was
carried out as follows. During the recall pe-
riod of each triai, the subject was provided
with a response sheet bearing the words:
“Contact ON e squawk
/" The subject attempted to fill out
the appropriate blanks and then turned the
sheet over at the start of the next trial. When
more than one kind of information had to be
remembered, subjects were permitted to re-
call in any order; but the order was not re-
corded.

Several variables were manipulated over
trials,

HUMAN FACTORS

(1} Retention interval was either0s, 55, or 15 s.

{21 The to-be-remembered messages consisted of
either a place/frequency, a transponder code,
or both. Conditions in which one message ver-
sUS two messages are 10 be remmembered are
referred to as low memory load and high
memory load conditions, respectively. On
high memory load trials, the place/frequency
infurmation always preceded the transponder
code information.

(3) When a transponder code was presented in
either a low or a high memory load condition,
it was read in either a chunked or a seguential
fashion, as described above. Figure | shows
the manner in which the various conditions
resulting from these manipulations were dis-
tributed among the 72 rials.

Nineteen tape-recorded sessions were pre-
pared. In each session the various conditions
shown in Figare 1 wete presented in a ran-
dom order. Each of the three kinds of
stimulus information (place, frequency, and
transpontder code) was generated randemiy
whenever it was needed on a trial. The nine-
teen sessions were presented in a different
random order to each subject.

RESULTS

Figure 2 shows the principal results from
the study. All the curves in Figure 2 are
forgetting curves; thar is, they represent
proportions of correct responses as functions
of retention interval. A response was consid-
ered to be correct only if all components of
the response were correct. For numerical re-
sponses. this means that all digits had to be
correct and in proper order. For place re-
sponses this means both the city or airport
name (e.g., Seattle) and the type of control
entity (e.g., Center) had to be correct.

The ten curves in Figure 2 are initially sub-
divided according to the three dependent var-
iables: probability of a correct response for
place (left panel), frequency (middle panel),
and transponder code iright panel). In each
panel, the curves are further subdivided into
those corresponding to low memory load
(dashed curves) vs. high memorv load (solid




April, 1979175

GEOFFREY R. LOFTUS AND OTHERS

THOISSAS [DIUSULAAXD 10 L) S[oidl 7 SUoidn suonpuoa jo waiingrasig -1 »mig

{svraL ) (STVIUL %)
TVIINANDES QEANNHD
1 )
(81vI4L 9) {(ST¥I4L 9) {STVIUL §) (STVTHL ¥}
3002 HAGNOISNVEL TVIINANGES FA0D AAANOJISNVEL WDANIHO ANOTY A30D JAINOdSNVHL ANOTY ADNANDEYL /20V1d
T + t +
¥ T
{STIVI¥I 27T} (V181 1)
aQv0T LEOMEW HOIH AVOT REORIK MOT

ﬁ |

1
SMOTI0d SV QIAIALIG I9V STVIAL ¥T TVAYAINI NOIINALAYE HOVE NEHLIM

(STYIdL %2) (SIVIdL %Z) (STVI4L ¥Z)
SANODES §T SAN0DES § SANOJES O

Ll
TYAYILNI NOILRILEY

(STYIEL TVIOL Z4)



176—April, 1979 HUMAN FACTORS
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Figure 2. Forgetting curves for various kinds of informaltion presented in varions conditions. (Left-hand panel
represents place responses, middle panel represents frequency vesponses, and right-hand panel represents tran-
sponder code responses. Dashed lines represent respornses in low-imformation load conditions, whereds solid
lines represent responses in high-information load conditions.}

curves). Finally, the transponder code curves
as well as the high memory load place and
frequency curves are subdivided according o
whether transponder code was chunked or
sequential.

Effects of Major Variables

Several aspects of the data shown in Figure
2 are of interest and require further elabora-
tion. These aspects include (1) forgetting ef-
tects, {2) effects of information load, and (3)
effects of the chunked/sequential variable.

A series of six analyses of variances
{ANOVAs} constitute the principal statistical
analyses. One ANOVA was performed for
each of the dependent variables in both high
and memory load conditions. All
ANOVAs included delav as a Factor. Four of
the ANOVAs—for transponder code, high and
low memory load, as well as place/high mem-

low

orv load and frequency/high memory load-—
also included the chunked/seguentiai vari-
able as a factor. In none of the four two-way

ANOVAs was the delay x chunked/sequential
interaction significant.

Forgetting. Forgetting of place and fre-
quency information is relatively insubstan-
tial in this experiment: the percent decrease
in correct responding is on the order of
10-15% over the 15-s retention interval. How-
ever, the eftects that are observed are gener-
ally reliable. For frequency. the delay factor is
significant in both the high and low memory
load conditions, F(2, 6} = 584, p < 0.05 and
F(2, 6y = 2088, p < 0.05, respectively. For
place, delay is significant in the high memory
load condition, F(2,6) = 6.15,p < (.05, but not
in the low memory load condition, F{2, 6) =
4.15, p > 0.05. Of some surprise is the rela-
tively low performance for frequency after
the zero-second delav. For example, even
when only a place/frequency message is to be
remembered, zero-second performance for
frequency is only 64%. Immediate memory
that is this poor is generally believed to re-
flect the fact that in manv instances informa-
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tion was never registered in short-term store.
Both of these findings—relatively slight
forgetting and lack of initial storage--are at
odds with previeus findings that have
emerged from the Brown-Peterson paradigm.
These apparent anomalies will be discussed
in a later section.

The data corresponding to memory for the
transponder code are somewhat more in line
with prior findings: zero-second performance
is relatively high, consistently exceeding 90%.
The amount of forgetting, however, while
greater than forgetting of place/frequency in-
formation, is still only about 20% when the
transponder code is presented alone. The ef-
fect of delay is significant in both high and
low memory load conditiens, F(2,6) = 11 22.p
< 0.05 and F(2, 6) = 65.94, p < (.05 respec-
tively.

Effect of memory load. The effect on mem-
ory of the number of to-be-remembered mes-
sages appears to be somewhat different for
place/frequency versus transponder code in-
formation. As can be seen in the middle panel
of Fipure 2, the effect on memory for fre-
quency of having to remember additional in-
formation seems to be to decrease the rero-
second performance without affecting the
amount of decrease in performance over re-
tention interval. In contrast, as noted previ-
ously, increasing the memory load appears to
have relatively little effect on zero-second
performance of transponder code informa-
tion, but the effect of memory load on forget-
ting rate is quite pronounced.

Effect of chunked versus sequential presenta-
tion of transponder code. Of perhaps the
greatest interest in the results of Figure 2 is
the effect of sequential versus chunked pre-
sentation of the transponder code. Recall
that these two modes of presentation corre-
spond to a “same-encoding scheme” versus a
“unigue-encoding scheme,” respectivelyv. The
same-encoding scheme, currentlv in use in
the air traffic control svstem, was predicted
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to lead to poorer performance than the
unigue-encoding scheme.

As indicated in Figure 2, chunked tran-
sponder code presentation does indeed lead 1o
superior performance, but in an odd sort of
way it hoosts correct responding to frequency
information only. The effect of chunked/
sequential is significant for the high memory
load frequency condition, F(1, 3) = 25.00, p <
0.05. However, chunked/sequential is not sig-
nificant for the high memory load place con-
dition or the high or low memory load tran-
sponder conditions, F{1, 3) = 0.03, p = 0.05,
F(1,3)=3.12,p >005and F(1,3) = 0.24,p >
0.05, respectivelv.

Sequential Effects

Clearly one of the most prominent sources
of variation in the data of Figure 2 is the
memory load factor; specifically, all types of
information are subject to a substantial per-
formance decrease when in a high as opposed
to a low memory load condition. To identify
the locus of this effect more precisely, an ad-
ditional analysis was performed. An exami-
nation was made of all sequential pairs of
trials that had either a place/frequency mes-
sage only on trial v followed by a transponder
code message only on trial v + [ or the
reverse-—transponder code only on trial u fol-
lowed by place/trequency only on trial n + 1,
Response probability on trial 1 + | was then
determined as a function of trial n retention
interval. Due to the problem of relatively
small amounts of data, these probabilities
were collapsed across trial 7 + 1 retention
interval and seguential/chunked.

Figure 3 presents these data. Separate
curves are shown for place, frequency, and
transponder code responses. As noted, the
abscissa represents retention interval on trial
i, for comparison purposes, the uncondi-
tional probabilities of responding to the three
types of information on high memory load
trials is shown at the left. Thus, the abscissa
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represents, in part, a scale of temporal sep-
aration between presentation of the two mes-
sages, with the far left-hand point corre-
sponding to zero separation.

Two questions were asked in regard to the
data in Figure 3. First, for cach of the three
tvpes of information, was there a difference
between performance when the information
was presenied in a high memory load condi-
tion {place/frequency and transponder code
all at once) versus performance when a given
tvpe of information was presented by itself
but just following a trial on which the other
type of information had been presented? For
each of the three curves in Figure 3, this ques-
tion was implemented by applving the
planned comparison C1 = {=3,1, 1, 1} to the
four means. The second question was: Does
trial n + 1 performance improve with trial 1
retention interval? To answer this question, a

. )c: Place
09t (/{ Transpoider Code
a8 -

07 -

Frequency
0.5}~

O3

Response Probobitity on Tric! n+ 1

0.2 -

(SR o

Trial n reterdion Interval (seconds)

Figure 3. Data from pairs of suceessive iriuls nand n
+ 1 on which either a placeifrequency inessage was
presented on trial n follewed by a transponder code
message on rial v+ 1, or vice-versa. Ordinate is
probability of a correct response on trial n + | and
ahscissa is retention interval on trial n. Far left-lhand
point corresponds o response probahbilities on high-
infornnation load trials.
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second comparison, C2 = {O, —1.0, 1}, was
applied to each of the curves in Figure 2. Note
that Cl and C2 are orthogonal to one another.

The results of these comparisans are pre-
sented in Table 3. For each of the three curves
of Figure 3, Table 3 shows (1) the percent of
between-conditions variance accounted for
by C1, €2, and the residual. and (2} the
F-values that indicate whether these per-
centages of variance differ significantly from
Zero.

As is clear from Table 3, C1 accounts for a
Jarge percentage of the variance and is highly
significant for each of the three curves. This
indicates that encoding and trying to recall
hoth a place/frequency message and a tran-
sponder code message all at once is consid-
erably more difficult than encoding one mes-
sage, trving to recall that one, and then
shortlv thereafter, encoding, then trying to
recall the other message.

The resulbts of C2 are not so straighttor-
ward. For frequency information, C2 is signif-
icant and accounts for about 20% of the
between-conditions variance. Contrarvwise,
C2 accounts for orly a small amount of var-
iance and is not significant for either place or
transponder code information, The tentative
conclusion is that memory for the three types
of information is affected differently by varia-
tion in trial # retention interval. However,
since overall response probability is so high
for transponder code and place information,
the nonsignificance of C2 may merely repre-
sent a ceiling effect and must be interpreted
very cautiously.

DISCUSSION

Recall Order

As noted above, there are a number of ap-
parent anomalies in the data shown in Figure
2. First, why do the forgetting tunctions ap-
pear to behave so differently for transponder
codes as opposed to frequency information
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TABLE 3

Results of Two Planned Comparisons for the Three
Curves of Figure 3

Source % Variance F{1,9)
Transponder Code
Ct 96.5 18.56*
c2 1.2 0.22
Residual 23 0.44
Place
C1 894.1 16.07
c2 35 08
Residual 24 04
Frequency
G 73.0 73.0¢
cz 19.8 20.0"
Residual 8.9 6.9"
Tp s 0.05

C* resuits from application of waights {~3, 1,1, 1}

C2 results from application of weights {0. -1, 0, 1}.

Residual 15 variance ieft over aftar vanance due to C1 and C2 Is
removed from ioial. batwesn-condilions vanance.

(both are four-digit numbers)? Second, why is
the frequency information so low at the zero-
second intervals?

A possible explanation may lie in the order
in which the various pieces of information
were recalled. Suppose that recall of one
piece of information (e.g., frequency} did not
begin until recall of another piece of informa-
tion {e.g.. transponder code) had taken place.
The effective retention interval for this piece
of information would then be increased rela-
tive to what the retention interval had been
defined by the experimenter 1o be. The forget-
ting functions shown in Figure 1 would then
represent left-truncated pieces of the “real”
forgetting functions which would presumably
start at 1.0 for a zero-second retention inter-
val. Since recall order was not recorded in the
present experiment, this explanation must
remain speculative for the time being. Note,
however, that the onlyv forgetting function for
singly presented information—transponder
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code presented alone—does begin at 1.0 just
as it should.

Pracrical Implications

As can be seen in Figure 2, there is wide
variation in the probability of a correct re-
sponse to the various types of information
over the various conditions—tihe range of
means is from 0.30 to 1.00. This variance is
attributable 10 a number of sources.

Kind of information. Much of the variance
appears 10 he accounted for by what kind of
information is being recalled: in general,
place information is remembered very well,
frequency information is remembered rela-
tively poorly, and memory for transponder
cade information is in between. However, it is
not clear how generalizable this result is;
rather, it mav be a consequence of the specific
experimental paradigm and, in particular,
from the orders in which the different kinds of
information were presented by the experi-
menter and recalled by the subject.

Memorv load. As expected from the results
of prior research {(e.g.., Murdock, 1961) the
number of messages that the subject was re-
quired to remember had a fairly large effect
on the probability of correctly responding to
anv particular message. The practical
moral—particularly as iHustrated by the data
shown in Figure 3 and Table 3—is clear.
Whenever possible, as little information as is
feasible should be conveyed by the controller
to the pilot af any one time. In particular, no
instruction should be conveyed until 10 s or
so after the previous instruction has been
acted upon.

Forgetting. The fact that forgetting oceurs
over an interval of 15 s following the initial
reception of a message simply undertines
what is intuitively evident to most pilots—
that, if at all possible, a message should be
responded to as soon as possible after it is
received.

Encoding of transmitied information. Al-
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though the sequential/chunked variable ac-
counted for a relatively small proportion of
the rotal variance, the finding of an effect of
this variable provides a demonstration ol po-
tential room lor improvement in the pres-
entlv used system. Hence, this hinding has
perhaps the most profound imptications from
a practical standpoint. Attention is tradition-
ally paid to the question of how transmitted
information should be encoded so as to
minimize errors in perception (¢.g., by use of
the phonemic alphabet). However, virtually
no attention has been paid to the question of
how information mayv be encoded so as to
minimize errors in memory. The chunked/
sequential variable represents but one possi-
ble improvement in encoding of transmitted
information. Potentially, there are many
others.

Subject Popudatiorn

The present experiment utilized a limited
number of subjects who were naive with re-
spect to air-traffic communication. The deci-
ston 10 use a limited number of subjects stems
from the general philosophy that, when
examining relatively basic processes, it is bet-
ter 1o use few subjects with a large amount of
data per subject rather than many subjects
with little data per subject. As indicated by
the large statistical effects underlving the
major conclasions, intersubject variability
was guite small in the present ¢xperiment.
The decision to use naive subjects rather than
experivnced pilots was a practical one—it
was simply not possible to find expertenced
pilots who were willing to undertake the
rather formidable amount of time required
for the experiment. But the choice of subject
population raises the question of how
generalizable the present results are to ex-
perienced pilots.

There are three responses to this question.
First, each subject participated for a total of
almost 1400 trials, and by the time the prac-
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tice sesstons had ended the subject had al-
ready participated in 216 trials. Thus the sub-
jects were highly practiced with the stimulus
material before the experiment proper began.

The second response is that the majority of
private pilots are themselves “naive” in the
sense that they have not had vast amount of
experience dealing with air-traffic control-
ters. It is preciscly these pilots who have the
most difficulty remembering and utilizing
air-tratfic information because they typically
do not have the paraphemalia {writing pads,
co-pilots, etc.) that are designed to facilitawe
communication. It seems reasonable to ex-
pect that the resalts from the present experi-
ment would generalize to this group of pilots.

Finally, the major results of this study
were, as noted above, predictable from
theories of basic human information process-
ing. Tt seems unlikely that buman beings
undergo fundamental changes in their ways
of processing information by virtue of their
being trained as pilots. It is, of course, possi-
ble that experienced pilois would behave dif-
terentlv in the present studv than did the
naive subjects. This possibility could only be
resolved by additional research.
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