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PREFACE

The realm of language rescarch is popuiated with 2 large number of diverse data collection, transcription,
and saaivtic techniques from which language researchers seiect approaches based upon their particular set of
individual research objectives. To date, this methodology has not been assimilated in a useful form to facilitate
its use by the language research community. In an attempt to achieve some form of assimilation, Dr. Q. Veronika
Prinze, Federal Aviation Administration {FAA), Dr. Barbarz G. Kanki. Nationa! Aeronautics Space Adminis-
tration (NASA), and Dr. Samuel G. Schiflett, United States Air Force (USAF). conceived a jointly-sponsored
symposium to gather together a body of experts in the field of voice communications and attempt to further the
collective understanding of the methods and metrics used in the study of natura! language.

The workshop concentrated on a diverse collection of techniques and approaches uscd 10 analyze both
discourse and acoustic processes in voice communications. Discussions focused on data collected from
stmulation/laboratory environments, as well as from field and case study investigations. Issues inciuded (1)
determining units of analysis, (2) coding and statistical techaiques, (3) approaches to filtering the speech sig-
nal, {4) strategies for :ntegrating verbal and non-verbal communications, (3) datx coliection and research
design tssues, and (6) software applications.

During 2 days of presentations and demonstrations, the participants (Figure 1) shared past experiences and
research findings. current interests ard information, as well as future plans and opportunities. This document

reports the information as it was presented at the workshop and also provides a resource for other language
researchers.

FIGURE I: Methods and Metrics of Voice Communication Workshop Participants.

Top Row: Malkolm Brenner, Leon Segal, David Pisoni, Clint Bowers, Lawrence Porter, Alan Reich.
Row 3: Doug Eddy. Pcany Sanderson, Joe Danks, Lynn Nygaard. Steve Veronneau, Martin Thee.
Row 2: Herb Clark, Beth Veinott, Dan Morrow, David Mayer, Roni Prinzo.

Row I: Sam Schifiett, Ann Bradlow. Judith Burki-Cohen, Carol Svmer, Barb Kanki.

Net Present: Don Foss, Jeff Whitmore, Linda Connell, Carclyn Prince, Howard Harris, Chenvl Irwin.
Photographer: Linda Barrett.
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METHODS ARD METRICS OF VOICE COMMUNICATIONS

WELCOME AND OPENING REMARKS

I'm Dr. Roni Prinzo, with the FAA™s Civil Aerc-
medical Institute (CAMI). Before we begin, I'll give
you 3 brief history on how CAMI, NASA Ames,
ard the Arrostrong Laboratory at Brooks Ads Force
Base came together to sponsor and host the Methods
and Metrics of Voice Communications Workshop.

When I first came to work for CAMI, the major
thing I knew about aviation was how to purchase a
ticket and board an airplane. Although 1 had a doc-
toral degree in psychclogy with an emphasis in
psycholinguistics, { bad no experience in air raffic
control {ATCYpilot communications. Upon listen-
ing to my first audio tape of pilots speaking to an
air traffic controller, I did not understand what they
were tatking about. For example. “Regional Ap-
proach, roger, out of sixteen for ten with Charlie™
held no meaning. To gain an understanding of avia-
ton terminology and local jargon, 1 read the exist-
ing literature, visited several air traffic control
facilities, and asked lots of questions as part of my
self-directed education in operationai communica-
tions. Soon I learned that other researchers 2lso had
experienced the same or similar problems with avia-
tion terminology. The phrase “communication
error” was particulacly prablematic. Withia avia-
tion, it is often used to refer to loss of separation
minima by which aircraft are spaced to achieve safe

and orderly flight that is attributed to communication.
To communication researchers, “communication
error” is generally viewed more broadly as any
occasion when actions taken are based on faulty
communication. Through discussions with differ-
ent individuals, it became exceedingly clear that a
need existed to bring together & group of scientists
and professionals interested in communications to
share with one another their experiences in com-
munication-based research and to develop some
common definitions.

I discussed my perceptions with Dr. Barbara
Kanki and several other people from the aviation
community. At the 1993 Ohio State Symposium in
Aviation Psychology, Barbara and I decided to
jointly sponsor a workshop. While at 2 briefing at
Brooks AFB that Fall. I mentioned that a workshop
was in the works. Dy. Sam Schifiett commmented that
he had made a provision to host a similar workshop
in his 1993 program. We discussed the possibility
of having him become active in the 1994 workshop.
Upon my return to CAMI, Barbara and | agreed that
Sam should become an integral part of our venture.
Then, San Antonio was selected as the site of the
watkshop.

i'm reaily delighted that so many of you were
able to attend.



THE ROLE OF COMMUNICATIONS TN TEAM SITUATIONAL
AWARENESS: A SCIENTIFIC PROGRAM OVERVIEW
Samuel G. Schiffert. Pk D.
Armstrong Laboratory, Brooks AFB

INTRODUCTION

All branches of the military employ both ground
and airborne operational personnel in Command,
Controi, and Communications (C?). The mission ei-
ement of the Air Force in C* systems is to provide
surveilizance, identification, warning. and control in
support of tactical and giobal air operations. A key
to the success of ail Air Force missions is the rapid
establishment and maintenance of distributed
communication networks so that accura.e and
timely information can be exchanged within teams
and between our war fighting units. More often than
not, the early phases of any war ar¢ won or lost on
how effectively military personme} communicate with
each other. It forms the basis of all tactical, strategic,
and intelligence coordination sctivitics whether it is
within a flight crew, between mission elements, or at
centralized command headgquarters. Communications
is simply the technical means to achieve control, and
control is simply the structural means to command.

Technrological advancements in high-speed,
wide-band communication networks have greatly di-
minished the resirictions imposed by past commu-
nications systems in volume, rate, and type of
information transmitted (Vincent, 1993). The advent
of orbital communication satellites coupled with
precise global positioning networks have expanded
the capability of an individual with a single hand-held
communications transmitter and receiver to exchange
information with a myrisd number of world-wide data
links. Improvements in the design of these more flex-
ible communication systems offer inter-operative links
to remote operationel units that previcusly could not
exchange information in an efficient manner. Even
though these new communication systems have
brought many enhancements to cooperative planing
and engagement phases of Air Force missions, they
have alsc imposed 2 greater need for tcam and unit
coordination. Technology has by far outpaced our un-
derstanding of how the newly scquired information
should be presented, what hierarchical level should
receive it and act on it, and what effect the increased
alternatives will have on decision making and team
performance. More information does not necessarily
eguivocate to better TEAM Situational Awareness.

BACKGROUND

Individual Air Force personnel most often perform
their jobs as part of a team. Military team performance
affects such diverse functions as command and con-

trol, flight and grourd crew tasks, acquisition, design,
maintenance, logistics, and others. lowevey, the im-
pact of team performance cannot be evaluated or even
measured umtiil the task demands are identified and
thoroughly described. What commion features 4o these
seemingly diverse jobs impose on team performance?
How do people make decisions in situations charac-
terized by these featurcs? Some of the more salient
characteristics of C* systems described by Rouse,
Canron-Bowers, & Seles (1992) and Orasenu & Salas
{1993) inciude the following:

1. Team (crew) members are composed of
individuals that have been assembled to com-
plete 2 required task (mission). Coasequenily,
individual decisions and actions must be viewed
in the context of 2ccomplishing 2 team goal.

2. There is no single predetermined solution to a
problem Team conformity to standard operat-

{plans) should be discarded o
mod:ﬁed if individual strategies provide & more
sccurate and timety solution.

3. Members of a team have specialized knowledge
and skills relevant to the decision and overall
task assignment. Therefore, team communics-
tion and coordination are central issues in
distributed decision-making research.

4. The work situation is highly dynamic (changing
priorities and varying tempo) and externally
driven. Autoncmous teams nust frequently adapt
to changing circumsiances by making decisions
for others under time constrainis.

5. Individual and team quality of performance have
significant consequences. Team members often
make decisions and take actions that will place
them or others at risk.

Unfortunately, classical decision-making research
has not cffered useful exzlsnations o how teams func-
tion, as characterized by these situations. Despite
thousands of studies and large scale military sup-
port for behavioral decision research involving
Bavesisn statistics, Klein (1993) has observed that
overall *he results have been disappointing. One of
the reason. is these models have focused on highly
strectured, predefined tasks where there were only
correct and incorrect binary decisions. While the
models have been useful for studying college
sophomores performing context-free lahoratory tasks,
they hold little relevance for the complexities of
command-and-control settings as described above. A
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shifi in the domain of basic rescarch is necessary if
the role of commumnications in team situational awars-
ness is to be understood and explained in distributed
decision-making environments.

The rescarch domain selected for this scientific
program, sponscred by the Air Force Office of Sci-
entific Research, has been formulated out of an
operational need to improve situational awareness
within and between teams ; complex decision-making
environments. This program o-erview describes, in
more detail, the research domain. scientific goal,
sub-goals, approach, research paradigm. objectives,
measurement methodology, and communication mea-
sures.

Kesearch Domain

Basic research will be conducted to critically
examine theories and empiricaliy verify derived
postulates that can relste the dynamics of communi-
cakion to the formuiation of shared models oi complex
changing environments. This rescarch initiative will
develop a measurement methodology 1o study the shar-
ing of information between team members in sup-
port of individual actions and group success.
Specific research issues concern the nature of cog-
pitive models heid by individual team members that
support effective communication; the information
reguirements of individuals that support coordinated
behaviors; the internal models that members have
of each other thai affect the quantity and quality of
information transmitted; the reiationship between
infrastructure of a team and its ability to function
effectively under specific task demands; and the de-
termination of types of teams based on differences
in their behavioral characteristics, e.g. content and
pailtern of interactive communications.

Scientific Gozl and Sub-goabs

The scientific goal is to initiate a long-term
research program that fosters scientific co.l2bora-
tions focusing on the underlving mechanisms of
team performance to gain an undersianding of the
role of communications in enhancing and maintain-
ing siteational awarenzss in distributed team
decision-making.

The scientific sub-goals are to develop techniques
of measurement of team communication and verify
the concept of shared mental models in more
complex and stressful environments.

APPROACH

A set of interrelzated team constructs (coordina-
tion, conformity, cohesiveness, composition, and
adaptability) will be defined and propositions will

be presented to empirically verify the interactive
role ¢f communic:tion variables in explaining and
predicting the effect on situational awareness.

The formsl structure of coordination in teams will
b analvzed by specifying input, process, and outcame
variables that affect a team member’s decisions to
communicate with information sources to accomplish
task-specific assignments. Of particular interest is the
degree to which one team member has the same
situstional understanding (shared meaning) of the sig-
nificant events, current status, and future projections
in relationship to the other members. It is interesting
to note that all or part of the team members could
bave s shared perspective that differs from the actual
situation. A definition of some of the constructs and
boundaries of research wiil help elucidate the study
objectives.

Definitions
There are as many definitions of what a team is
as there are researchers trying to define a team. The
essential difference between teams and other
problem-solving groups with common goals is the
nature of the tasks they face and the behavioral
responses required for their completion. The most
appiicable characteristics of teams to this research is
defined by Dyer {1984} and discussed by Morgan,
Glickman, Woodard, Blaiwes, and Salas (1936). The
essential elements are as follows:
A team consists of “a distinguishable set of
2 (3) or more peopie who interact interde-
pendently and adaptively to achicve speci-
fied, shared, and valued goals (mission
objectives).” (Morgan et. al., 1986 p.3)

The parenthetical inserts shown in the above
definition of a team were modified by this researcher
to emphasize more of a mifitary command and con-
trol working environment. An additional emphasis by
this resezrcher on the size of the iower boundary of 2
team excludes dyads. Dyads {e.g., pilot & co-pilot)
are often considered a team. However, they are
excluded from this research if they sre studied in
isolation, becanse there ave » mumnber of naportant team
processes that do not occur in oaly two-person
interactions. For example, coalition formation, com-
plex patierns of status, and more tmportantly tothis
research, hierarchical communication patterns {ligen,
Major, Hollenbeck. & Sego, 1991).

Sitxational Awarexess (S4). The more operational
definition of situational awareness from a pilot’s
perspective is “u continuous perception of self and
aircraft in relation to the dyesinic eaviroement of
flight, threats, and mission, and then to forecast, then

xecute tasks based on that perception.” This



definition was & consensus statemnent forged together
by the Sitvationa! Awarencss Integration Team
{SAINT) assembled to plan and conduct an inte-
grated program of research to develop and validate
situational awareness measures. The SAINT team
was directly commissioned by General Merrill A.
McPeak who supplied his own definition of situ-
2tional awareness shortly after the completion of
DESERT STORM, “I know it ... when | see it.™ That
was interpreted by the Air Combat Command to mean
“the capability to appropriately assess yourself, your
system, and your environment in order to make the
right decision and the right response at the right time.”
Good situationai awareness is part of having the “Right
Stuff” as popularized in today’s fighter pilot jargon.
Perhaps. a more scientifically acceptabie definition

of situztional awareness for basic research is offered
as foilows:

The (identification) percegtion of elements

{events) in the environment within a volume

of space and (2 streamn of) time, the (shared)

comprzhension of their meaning. and the

projection of their status inte the near fu-

ture. (Endsley, 1988)

Again, a few parenthetical modifications by this
researcher warrant an expiznation. The perception,
comprehension, and projection process that Endsley
describes seem to be exactly what a pilot or weapons
controller means when they say you must “stay shead
of the game” to be successful. The words and phrases
inserted into the definition are an attempt to expand
the statement into more of a team definkion of situ-
ational awareness. Team members should possess a
common (shared) understanding of the nature of events
impacting others. The identification of events in a
“stream of time” emphasizes that a ground-based or
an air weapoas controller has a different perspective
of the rate of change from 3 fixed reference point as
compared to a pilot traveling st high-speed at low lev-
els. The pilot is rapidly moving through 2 “vohmme of
spece™ which results in a perception of the events as
being time compressed.

Conversely, the AWACS air weapons controller
loitering at 40,000 feet is in a “stream of time™ with
emerging events of unequal priorities and diverse time
constraints. The air weapons controller must main-
tain an accurate “big picture”™ of the battie because
this defines the awereness of the curreat situstion in
relationship to past and future events. Through sit-
stional awareness, the air weapons controller
chooses among the tasks competing for aitention
and then executes the most important. This deci-
sion-making process is more than the gpplication
of a predetermined set of individual pricrities. As
Delrymple (1991) has emphasized, the choices should
be from a team member’s perspective in determuining

The Role of Commxnications in Team Situational Awcreness:

what trade-offs wili increase options in the future, what
will ease future workicad, and what will bc the most
expedient to mplement.

Taylor (1989) offers an empirically based definition
of situationa! ewareness taken from a factor ana-
lytic approach of interviewing aircrew of how SA is
actually experienced and what elements comprise it.
Orne of ihe dominant factors was the construct of
undersianding in the form of information gquality,
quantity, and familiarity. These featurss of infor-
mation will be manipulated in this research program
to oblain & better understanding of the “perception
of elements™ commonly held by the team members.

Perhaps one of the most parsimosious defmitions
of tearn situaticnal awareness is the “collective knowi-
edge needed to sustain adaptive coordinated behavior
in a changing environment necessary for survival and
mission success.” This definition, supplied by Dr. John
Tangney, the AFOSR Program Manager, emphasizes:
{1} Types of kmowledge of other members, environment,
and task domain; (2) Residence of knowledge that is
either shared or disiributed, bumar or computer; and
{3} Communications neceded to build and sustain
knowledge, perform optimally, and recover from er-
rors. This definition of team SA has the added ben-
efit of introducing an essential team coastruct of
adaptabitity.

Research Peradigm

Tae experiments will be conducted in 2
controtled setting that will aliow the examination of
constructs that are mmportant to team coordination in
operational environments. The essential difference be-
tween this {ype of team research and other probdiem-
solving group experimentation is the nature of the tasks
they face and the behavioral responses required for
their complztion. The tea=n tasks that will be used in
this research program will consist of specialized com-
potent tasks that require coordinated respoases to
achieve maximum team performance. The research
paradigm will focus on adaptive team coordiration
in & wide range of scenarios and conditions.

The general procedure for investigating adaptive
coordination ia teams will use “scripted™ eveats
embedded into realistic scenarios that slter the task
demands in specific ways to test theoretical coastructs.
The changes in task structure and dynamics will
require the team to adept their strategy to form new
patterns of communication in seeking and transmit-
ting information. How does the team adapt to the
changed sitaation? How long will the tsam sttempt to
foliow 2 plan that is nce working? How will the team
members communicate the information to cach other?
The task structure will correspond to that which is
acruaily faced in an operationsl mission. For example,
in a Defensive Counter Air mission, the primary goal
of an air weapons controiler team on-board an
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AWACS sircraft is to “protect friendly assets.” The
s0al can be subdivided, according to Dairymple
{1991}, into specific objectives that require a team of
operzaiars to detect, identify, intercept, and destroy hos-
gile aircraft m a particular zone of air space. Each team
member his an area of assigned responsibility. The
compries-generated hostile aircraft symboiogy can be
“scripied” to foliow predetermined tracks to weave in
and out of each member’s protective air space to evalu-
ate team coordination activities. This embedded event
wiil elicit 2 sequence of behaviors that are directly
measurable in the form of informstion exchange in
verbal communication networks.

Syrthetic wesks.  Another approach this resesrch
paradigm will emphasize in studying adeptive
coordination in teams is t0 develop “synthetic tasks™
that functionally represent the higher-fidelity
scenarios. Lower-fidelity tasks (synthetic) will be cre-
ated and arranged o present the same time constants
of interaction with the eavironment as the higher-
fidelity scenarios. The modular synthetic tasks will
offer incentives for individual and team pavoi¥s that
reflect the costs {loss of resources) and rewards
(number of hostile strike completions) of n.rlem
command and control wargames. For example, the
team payoff wiil be higher if the individual members
take into account both their own situations and the
hikely actions of their team mates. This will allow
investigations into concept formation of shared
menta! models of team situatioral awareness based
on a set of known contingencies. The term “mental
model” refers 1o the cognitive representation each
team member has of the team scenario, including
the team goal, task strategies, and current status of
performance and anticipated future requirements
(Swezey & Salas, 1992). The higher the overlap in
team: member shared situational awareness, the
higher the expectation team members will have of
accurate representations of the needs of the other
team members to make effective decisions. The
fiadings from these controlied laboratery experi-
ments will be compared to the resalts of the “bench
mark” higher-fidelity scenarios to verify the
theoretical constructs and underlving mechanisms
of verbal commaunications.

Distribated Decision-Making Network. The
“synthetic tasks™ will be computer-based and there-
fore need not be run face-to-face sor have all
membersof the team in the same kocation. In the later
phases of this scientific program it is planned that
aniversity and governmen: laborztories will be
connected to a wide-ares network tc conduct col-
laborative studies in distributed decision making.
The objective of this phase of the program is o better
undersiand the role of commumications in formulating
snd mainizining situational swareness when it is

carried out in a distributed derision-making environment.

While thers may be task corditions that enabie a
geographically distributed team to outperform a con-
tiguous team, our present view of the consequences
of physically separating team members will be almost
antirely negsative. For exampie, it is anticipated, based
O Our current i in conducting coliaborative
high-fidelity Defensive Counter Air missions with the
Human Resources Directorate at Withams AFB, AZ,
that team situationa! awareness will be diminished be-
cause key information will not enter the collective
knowledge base of dispersed team members. Teams
are part of a larger organizational hierarchy that have
a different framing reference (culture) in deciding what
shouid be verbalized end what is understood. Also, if
the team has been trained face-to-face and is then
geogrzphiczily dispersed, the loss of a node (unique
source of information) in the network can severely
disrupt communications that are required for shared
team sitvational awareness.

Klein and Thordsen (1990} have found that tcam
decision-making in many ways resembles individual
stretegies but there are emergent problems and dys-
functions that can only appesr in 2 distributed team
context, For example, poor communication of cues
and events transmitted io other team members can re-
sult in the total loss or degradation of mformation criti-
cai in maintaining adaptive team coordination. Thus,
distribited decision~-making networks wili beused to
examine how remote team members improvise
{chaage strategies). under conditions of information
uncertainty, o reach the mission objective.

SCIENTIFIC STUDY OBJECTIVES

The focus of this rescarch is on the role of
communications in the formulation and maintenance
of eam situational awareness. The central theme
of the scientific study objectives is the quality and
timeiiness of exchange of information between team
members. The research is restricted to the potential
effects on the loss or degradation of information
supplied by other team members that is necessary
to carry out an individual task in relationship to the
team goal. That is, we &re not interested in indi-
vidua! task specific performance but how loss or
degradation of information impscts the team as a
whole.

Information may be cither completely lost by total
external communication failure {message sent but not
received) or denied from an originating source (mes-
sage not seot). More than tikely, in the real world, the
informatios is either degraded by physical noise e.g.
partigily-jarmned communication links, or corrupied
umntentionally by passing partisihy-coerec? information
to other team members. However, the consequences
might be quite different depending on the icvel of
colisctive gwareness that cach team member has that



ar: error hes boen introduced. 15 communications are
being physically jammed, the information becomes im-
madistely suspect and a mental model is formed by
tearn membess that an urreiiable database currently
exists for assessing other team members’ circum-
stances. However, subtle incosrect information
circulating in the communications systam either
introduced by misinformed team members or mis-
interpreted by other team members may perpetu-
ate false ideas and concepts which lead to poor
decisions by others. The effects of the loss or
degradation of information from others depend on
the extent of use of that information by the recipi-
ent and whether functionally redundant information
is avsilable. The following study objectives will
investigate some of these issues.

Study Objective 1

Study objective ! is to evaluate the effects of the
{oss and degradation of redimdant and non-redimdant
mformation in adaptive team cooedinated behavior.
How do team members who have achieved a high de-
gree of coordination interpret their situations, change
their behavior, and realign their sub-goals when the
information nrecessary to maintain team performance
is no longer available or not relisbie enough to be
trusted? it is hypothesized that only the loss or degra-
dation of non-redvindant informaticon that was actively
used in maintaining coordination should affect coor-
dination and interfere with team performance. if re-
dundant information is available, team cocrdination
will be regnined once the team member with good situ-
ational awareness adapts to its use. Redundant and
non-redundant information will be presented in both
visual and auditory seasory modes so cross-modality
features can be studied.

Study Objective 2

Study objective 2 is to evaiuate the ieam member’s
perceived reasons for the Joss or degradation of the
information in adaptive team coordinated behavior.
How do team members adapt their coordinated
behaviors based on verba! communications when
the origin of information loss or degradation is from
either external sources e.g. jammed communications,
ar from misinformed team members at different lev-
els of the command Lierarchiy? it is hypothesized that
detection, intcrpretation, and adjustment 1o loss or
degradation of information will be influenced by
each team member’s shared menta! mode! of the
perceived control of the source of error and the dif-
farential status of the team members. External
sources of corrupted information will produce less
conflict in team ccordinated behavior than those at-
tributed to human sources of error. Team composition
and familigrity will be a major imdependent variables.
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Study Objective 3

Study objective 3 is to evaluate the effects of com-
munication architecnires (stuchure) on the formation
and maintenance of shared menta! models of team
situational awarepess. What is the relationship be-
tweer the communication infrastructure of ateam and
its ability to function effectively under changing task
demands ard enviroaments? it is hypothesized that
teams with flexible. face-to-face communication ar-
chitectures derived by team members wili perform
more zffectively than teams that have members geo-
graphicaily separated by a structured distributed de-
cision-making network. The predictive validity of
shared mental models wili be tested by measuring
both the process and outcome measures of team
performance in tasks that demand team members
to adapt to new domains of situational awareness.
Incidenta} learning of common coes and actions will
be conirasted with teams void of such information.
Patterns of commurications and conlent of infor-
mation transmitted that were utilized in successiul
and dysfunctional team problem-solving strategies
will be identified and transitioned to the training
anc:h selection community of researchers for further
stugy.

METHOPROLOGY

Studies of team performance have unique
methodological issves. The paramount challenge
in understanding the underlying mechanisms of
communications in constructing and mainaining
team situational awareness is measurement. What
to measure is just as important as how 1© measure.
What is the nature of the mechanism that allows
members to work together in a team tasking situa-
tion where interdependence is a key to a successful
mission sutcome? Individual communication process
variables are the most cutward and measurable mani-
festation of team interaction. Recognizing that verbal
communication is a vitai mediator of information,
brings a better understanding of the type of measures
required to explore the underlying dynamics that
influence team coordination and affect team
performance.

it has been observed by Foushee (1984) that most
research studies of team performance have ignored
COMIDURICAlions as & process variable. Past inves-
tigations have generally concentrated vpon direct
links between team input variables (siz2, structure,
compasition) and performance output variables
(quality, latency, errors). This approach to team
tmeasurement may be the prime contributing reason
why the literature on team performance exhibits so
muck inconsistency. Examination of communication
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patterns and content of speech as & team process
variable will often indicate that they are moderating
the relationship between input and output veriables.

For example, Siegel and Faderman (1973) reported
using an analytical framework for coding crew
communications by combining the Bales (1950)
interaction process analvsis methodology and the
Osgood semantic differential technique. In the ini-
tizl study, involving Navy helicopter crews, the
anthaze obtained approximately 30 communication
variables; but the content analysis focused on the

14 that reiated to crew performance outcome vari-
ables (¢.g.. number and distance of targets missed).
Factor analysis of these communication moderator
variables vielded four factors labeled and described
as follows:

Probabilistic Structure: Communications in which
event occurrence and risk assessment was discussed;
reflective communications containing thought pro-
cesses which involved the weighing of altematives and
the searching for answers 10 unresoived questions.

Evatuative fnrerchange: Communications which
contained direct requests for information and
opinion, as weli as the responses to these requests.

Hypothesis Formulation: Communications
involving interpretations of past performance in the
mission and the evaluation of future tactics to follow.

Leadership Control: Communications marked by
a role~coordinating sttitude by the team leader, an at-
titude that served fo define goals and to set a proper
astmosphere for effective employment of the other 3
factors.

In the second phase of the study, Anti-Submarine
Warfare crews received communications fraining.
Simulator data indicated that the trained group per-
formed better (number of correct attacks) thar the
controi group, without loss of time 2nd navigational
accuracy. The relative frequency of all the
communicakion factor categories differed. However,
the only statistics] significant differences were: (i)
the probalistic structure constituting 22% of the
coramunications with the trained group and 1{%
within the coutroi group and (2) the leadership con-
trol category being 41% in the trained group and 60%
in the control group (untrained). For the trained group,
leadership control meant encouraging an interchaige
of opinion and information; for the contro! group it
reflected a tighter and more autocratic leadership struc-
ture. The authors hypothesized that the differences
in communication between the 2 groups may have
accounted for the differences in the output variable
of crew performance. Thus, communication
mode; sted the outcome.

OCne of the most significant team process variabiss
reflected in communications is information flow be-
tween members of the team. The measuremeni of
relational communications has been utilized over

many years by a large number of researchers in varicus
group processing paradigms (e.g. Bales, 1950;
McGrath, 1984). As noted by Foushee & Helmreich
{1289}, in those studies tha? have examined the
relstionship between group process variadles and
performance effectiveress by closely examining
group member communications, they have often
roven fruitful. For exampie, Foushee & Manos
{1381) anatyzed the cockpit voice recordings from the
Ruffell Smith (1979) simulation study utilizing a
technique adapted from Bales® interaction process
ansiysis. Several interesting relationships emerged
from the Foushee and Manos study. Overall, there
was 2 tendency for crews who communicated less
not to perform as weil, but the type cr qualitv of com-
munication plaved an ¢ven more pivotal role. Perhaps,
the most salient aspect of the results of this flight simu-
lation study was the finding that most probiems were
related to breakdowns in crew coordination, not a lack
of technical knowledge and skiil. The “high-emror”
crews experienced more difficulties in the areas of
communication style and relevancy of information
transmitted than “low-error™ crews.
it should be noted that this finding of the source of
the communication breakdowns would have been
missed if flow {amount) of information (expressed in
bits) would have been the principal metric. As onigi-
nally envisioned by Shannon and Weaver {1963),
information theory is not concerned with cithes the
meaning or effect of the message. Likewise, the ac-
tuzl content of the message is urimportant to the
measurement of information gain. The important
concept in this meening of information is the set of
possible messages that could have been transmitted
per unit of time {channel capacity) and the actual
number of received messages from this set of equal
alternatives. information is gained only when a
message is delivered which redvces uncertainty.
Information in this usage must not be confused with
the more common definition of“meaningful knowledge.™
However, information theory has been a great as-
set to researchers investigating both communication
processes and operator performance. Wickens (1984)
suggests that information theory provides an essen-
tially dimensionless unit of performance across a wide
variety of different dependent variables. Fitts and
Possier (1967) bave also suggested that cersin limits
of the human information processing system remain
relatively invariant when described in the terms of
mformation theory. Despite these successes, the use
of information theoty in humsan performance research
and applicatioas has received some criticism. Among
the limitations sighted are insensitivity of the infor-
malica meiric, requirements for structured tasks, and
the inability to describe the factors influencing re-
sponse time. However, as DaPoiito, fones, & Hottman
{1989) peint cue, the utility of information theory in



studving team performance is, that it can: (1)
Serve as a mode! for perceptual processes and,
{2) Provide 2 means of evaluating new commu-
nications technclogy by conmparing trensmission
rates {throughput) of information within or between
different sensory modalities.

A recently compleled study by Hottman, DaPolito,
Dairymple, & McKinley {in press) determined the
amount of informastion and its importance for task
completion of an AWACS C° mission using a novel
methodology based upon & combination of informa-
tion theory, task analvses, and worklcad assessment.
The most important feature of the methodology s, it
allows the communication requirements of mission
segments to be identified by decomposing complex
tasks into their component parts. The methodology
represents a simple, cost-¢ffective techrique for
front-end analysis of communications systems that
can provide a baseline for determining the amount
of information a particular communication system is
capable of transmitting. We plan on applying the
method in 2 coliaborative study with Rich McKinley
in the Human Systems Directorate at WPAFB,CH to
determine the effects of communication jamming on
team situational awarencss. Ancther application
would be to evaluate 3-D speech localization cuing
to enhance situstional swareness in 2ir weapons
controllers to aid in spatial information-processing.
However, the validity, reliability, 2nd sensitivity of
the new methodology remain 1o be evaluated.

Muitiple Levels 6f Measurement

One of the reoccurring errors of measurement
methodology that was observed by Eddy {1989) dur-
ing an extensive literature search of team performance
measures that was either overlooked or ignored, was
the failure to consider the hierarchical ievel of
snalysis for the construct being measured. For ex-
ample, team coordination cannot be measured until
the individual tearm member’s performance is related
to the team goal and expected outcome measure. The
muitilevel classification of performance measures
has the advantage of placing metrics into {ogical
subordinste and superordinate groups that indicate
the predictive relationships among them.

A hicrarchical framework of multiple messures of
performance was developed by Clark Schingiedecker
s reported in Schifiett, Strome, Eddy, & Dakymple
(1990). Eddy (1990) and Dalrymple (1950) further
refined the 4-tiered approach to performance measure-
ment by adding process and outcome messures spe-
sifically relsted to AWACUS defensive counter air
mission. At the first tier are measures of individual
capability that include singie task measures of per-
ceptual, cognitive, and motor skilis which all require
an active working memory. Some of the tasks are taken
as a battery of performance tests ~xtemal to the C*
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mission scenario sessions. Rate of responding in the
form of throughput measures is commonly csiculated
at this level Selected tests are embedded into the
scenario and others appear as low-priority secondary
tasks to measure the level of workioad. An extensive
datadase of co-vaniate information is usuaily acquired
on each subject before, during, and afler cach session
using peer rating scales. questionnaires, personality
tests, and work experience.

The second ¢lass of individual-ievel measures
facus on & single crew member’s assigned role or area
of responsibility. Task-specific measures are accurnu-
iated in reai-time from mdividual pattsms of swich
actions, verbal communications, videotape recordings,
and vocs] stress analysis. Determinations are then
made as to the extent to which the individua!l did or
did not accomplish the specific duties as 2 team
member with regard to target detection, identification,
interception, and destruction. Over 100 measures of
this type have been collectad for each team member.
The measures are then reduced by cluster analysis tech-
niques and assigned weighted coherence values zlong
the dimensions of accuracy and latency.

The third level of analysis inciuded process and
outcome measures of sysfemeam performance which
mﬁectmcdegrecmemanwholemplished
tasks necessary for mission success. Examples are the
ratio of successful peiring of interceptors with targets
ard the resultant kill-ratios for each scenario segment.
Measures of system performance were those measures
at the team level that dn not vary accordiag to specific
mission {i.c. defensive versus offensive). For example,
th; accuracy and speed of data transfer to interceptor
pilots.

The fourth level of performance easurement is
assessment of mission effectiveness from the Battle
Area Commander’s perspective. For example, if the
mission is defensive countee air with protestion of
ass~ts as the primary objective, then appropriate mea-
sures would include: Number of enemy infiltrations
into friendly wmammofﬁnl and weapons
expendeimdmo of enemy lost to friendly assets.
A composite scoring scheme was developed to pro-
vide a standard quantitative measure of a team
member’s overall performance in relationship to the
mission objectives.

This multi-leve! measurement system provides an
implicit underlying structure that weights the signifi-
cance of each messure to the others. That is, cach level
of the hierarcly contains groups of measures that
Jointly determine the measures available at the next
level higher in the framework. Examiring the per-
forrance measure hierarchy fisther, reveals that mea-
sures at each of the !evels differ in their sensizivity,
generdlizability, and practical imterpretabiliry. 1t is
obvious the data provided at the 4th tier (highest) is
easily interpreted, while that from the lower levels
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offers information increzsingly remote from the ufti-
mate criterior of mission success or failure.
However, this disedvantage is countered by the fact
that measures at the iowest ievel, 1st tier, are the
most sensitive and most genenalizable. For example,
while Kill ratios are direct indices of Mission Effec-
tiveness, these measures are influenced by a host of
individual factors that make them insensitive to
small but significant variations in such measures
as individual decision time. Furthermore, Mission
Effectiveness measures are highly specific to the
individual characteristics of the test scenario.
Hence, an effectiveness metric obtained under 1 set
of conditions may give little indication of the
svstem’s performance in a different situation. Con-
versely, 2 measure of operator reserve capacity, such
as 2 response fime on an embedded secondary task
measure, is difficult to relate directly to a criterion
such as survivability. At the same time however, such
a measure is generalizable scross a wide range of
simaulation scenarios and will be extremely sensitive
to variations in operator capability.

The proposed multi-level approach to performance
measuremart was validated in a series of complex
experiments evaluating the effects of classes of anti-
histamine drugs on aircrew performance (Nesthus,
Schiflen, Eddy & Whitmors, 1991; Eddy, Dalrymple,
& Schiflett, 1992). It was found that while individual
capbilities and performance can be high, and the team
works as effectively as possible, the team may still
fail in its mission, in conditions of high threat and
high workload. The sensitivity of mezsures was veri.
fied since most of the degradation of the sedative type
antihistamines was found at the individual Jevei on
specific cognitive tasks and specific areas of assigned
responsibility and not on team or mission effective-
ness measures. That is, other team members were able
to compensate for the loss of capability of individual
members and still succeed.

Barrett (1993) has noted in an excellent review of
military research in tactical team decision-making that
most of the measures of team performance deveioped
so far have been primsrily outcome measures.
However, the research team within the Sustained
Operations Performance Branch at Brooks AFB,
Texas is now investigating individual process mea-
sures of effectiveness, to identify patterns of team
interaction which lead to successful team results. The
2 general types of process measures being analvaed
by Dalrymple, Eddy & Schiflett, (in press) are: (i)
Task-oriented measures such as decision strategies and
team workload measures, and (2) Measures related to
the maintenance of team coordination through com-
munication. This multi-leve! approack: o individusl,
team/system, and mission effectiveness performance

t0

measurement 2'lows maximum generalization to the
field due to the close mapping of the embedded events
in the scenario with actual wartime scenarios and tasks.

A core set of multi-level dependent measures will
be integrated into the design of all experiments con-
ducted during this basic research program to
determine team performance. The dependent
measurgs for evaiuating the role of communicetions
in team performance are presented in the next
section.

Communicstion Messures
Verbal communications will be transcribed and

reated as interactive sequences of speech events in
which statements spoken by | team member are con-
sidered within the context of the other team members’
prior and subseqrent speech. The ratterns of commu-
nication will be formatted into transition frequency
matrices for different categories of speech as devel-
oped by Kanki & Foushee (1989); and Kanki, Lozito,
and Foushee (1989). Their analytical method will be
expanded to 3 or more tcam memoers rather than only
a 2-sided diafogue restricted to dyad teams. Each team
member’s verbal interaction will be categorizea by
initiator and responder as follows:

Ipitiator

Demand - required action to be taken

Request - asking for some action

Criestion - information requests

Observation - task-related statement

Dysﬁuencv non-task statement of self talk

Rephv answer to reqnm oF quesnm
Acknowledgment - recognition of transmission
No response - not time limited

Dependent measures of verbal communicainne
will be further developed to evaluate established
conventioas of spcech {format, rules) and content
of information recetved i relationship to the following:

1. Rule based compliancy te standard operating
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2. Clarity of transmission (intelligibility)

3. Accuracy (ratio of misinformation to cofredt)

4. Relevancy (only what team member needstodo

their job)

3. Pacing {number of words per transmission)

6. Timeliness (optimum temporal information ex-

change)

Speech communication data comgression techniques
will be implemented using various discourse analysis
software programs e.g., Petri-net diagrams, Pathfinder
linkages, to detect and analyze patterns of tcam
communications.




SUMMARY

A scientific overview of a 3-vear basic research
program has been outlined that will foster scientific
collaborations with government and university labo-
retories. The resesrch will focus on the underlying
mechenisms of adaptive tearn coordination to gain an
ynderstanding of the role of communications in en-
hancing and maintaining situations! awareness in
distributed team decision-making. The program
overview discussed the research domain, scientific
goal, sub-goals, approach, research paradigm. study
abjactives, measurement reethodology, snd verbal
communication dependent measures.

By working closely with a team of basic reseazchers
from academia, government, and industry that repre-
sent diverse scientific and technical knowledge do-
mains, the Air Force will gain a unique perspective in
understanding the role of communications in im-
proving team coordination. At the conclusion of
this program, a team: situational awareness database
and measurernent methodology will be transitioned
to more advanced exploratory research programs on
team performance assessment.
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PART 1: PRESENTATIONS

MANAGING PROBLEMS IN SPEAKING
Herbert H, Clark

Department of Psychology, Stanford University

INTRODUCTION

When people talk, they manage any problems
they discover quickly, skillfully, and without appar-
ent effort These problems arise in everything they
do, from maintaining attention to maintaining face.
Some result in disfluencies—pauses, repairs, fillers
{like “uh” and “um™), word fragments, fresh starts—
but others result in a variety of other phenomena. How
are these problems ? A common view is that

monitor for them and repair them when they
discover them. In this paper I sugpest that this view
is too narrow, Managing problems is really part of
a larger sysiem in which repairs are only one strat-
&gy,
use is fundamentally 2 joint activity, and
that is reflected in the way problems are managed
{Clark & Schaefer, 1989; Clark & Wilkes-Gibbs,
1986; ScheglofY, Jefferson & Sacks, 1977). When Ann
and Bob converse, they each perform individual ac-
tions—e.g., uitering words. idenatifying sounds—but
many of these actions are really parts of actions per-
formed by the pair of them Ann-and-Baob. | will calt
actions by the pair Anan-and-Bob join? actions, and |
will call Ann’s and Bob’s individual actions within
them participaiory actions (Clark and Cariscn, 1982;
Clark & Schaefer, 1989; Cohen, Morgan, & Poliack,
1990). In conversation—the fundamental site of
language use—speaking and listening are partici-
patory actions.

Anr’s actions in talk aren’t independent of Bob's,
or vice versa, and that goes for their problems as well.
When Ann needs extra time to plan an utterance, that
isn’t her problem alone. The time she needs belongs
. Ann-and-Bob, so she has to coordinate with Bob
on her use of that time. Likewise, when Bob doesn’™
understand Ang, the problem isn’t his alene or hers
alone. It is Ann-and-Bceb’s, and it takes the 2 of them
working together to fix it. There are two principles
here: (1) the probiems that arisc in language use
are really joini problems; and (2) dealing with these
problems requires joint management.

To complicate things, problems arise at several
levels of conversation. Suppose Ann is saying some-
thing to Bob. Here are 3 jevels of action, starting ai
the bottom:
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1. Yocalization and attention. At the lowest level,
Ann vocalizes sounds, getting Bob to attend to
those vocalizations. She cannot vocalize those
sounds uniess she has Bob’s attention, and Bob
cannot register her vocalizations without at-
tending to them. That takes Ann’s and Bob’s
coondination.

2. Presentation and identification. One level up, Ann
peesents an utterance for Bob to identify. She
maust be sure Bob has identified the utterance she
has presented, and he must be sure of it too, and
that also takes coordination.

3. Meaning and wnderstanding. One more level up,
Ann gets Bob to understand what she means by
her utterance. The 2 of them must resch the mu-
tual belief, called the grounding criterion, that
Bob has understood what Ann meant well enough
for current purposes (Clark & Schaefer, 1989,
Clark & Wilkes-Gibbs, 1986).

All 3 levels consist of joint actions. They cach
require Ann and Bob to coordingte on their individual
actions. At ezch level, the problems Ann and Bob have
as individuals are also problems for their joint action.

Problems in conversation are like infections: Peopie
prefer to deal with them before they grow into some-
thing worse. People’s strategies for managing prob-
lems in conversation are much like physicians’
strategies for managing infections:

1. Preventatives. These are like inoculations in

averting anticipated but avoidable problems.

2. Wamings. These are like paliiatives in helping

participants prepare for anticipated but unavoid-
able problems.

3. Repairs. Thesc are like antibiotics in remedying

problems that have already appeared.

In conversation as in medicine, 1 is preferred to 2,
and 2 to 3, all other things being equal. At least, this is

the claim. In this brief paper, I will oniy allude to the
evidence.

Vocalization and Attention

At level 1 {vocalization and attention). Bob must
attend to Ann while she vecalizes her utterance or
will fail. Joint actions like this depend on the par-
ticipants doing their parts, so for Ann and Bob to
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be sure of success, they need evidence that they are
exch doing their parts. Ann should look for evidence
that Bob is attending to her, and he should try to
provide that evidence. Consider this invented example:

Ann: Bob

Bob: {3 sec of no responsse}

Ann: Bob [louder]

Bob: What?

Ann tries to summon Bob with ber first utterance,
but gets no response. She akes that as evidence that
Bob wasn’t attending to her vocalization, & prob-
iem she has to repair. She does that by repeating
the summaons—only louder to capture his attention.
This time he responds, giving her evidence that she
has succeedad.

Whoaose problem is this—Ann’s or Bob’s? Neither
of them can be held solely responsible. The problem
arose from the mis-coordination of Ann’s vocalizs-
tion end Bob’s attention. Perhaps Ann should have
been more certain of Bob’'s attention before vo-
calizing, or he should have been paying closer
attention, or both. In any event, Aan and Bob's
joint action led to 2 joint problem, which required a
joint .
If Ann and Bob had worked together, they might
have avoided the problem in the first place. There are
effective preventatives for just this purpose. Several
such strategics have been descrided by Goodwin
(1981), one of which is illustrated here with Lee
aalking to Ray:

Lee: Can you bring- (0.2) Car you bring me

here that nylon?

As a videotape of this utterance shows, just when
Lee wants to start speaking, he sees that Ray is leck-
ing away. If Lee were to start his utterance Ray
wouldn’t be attending, and that would create a proh-
iem they would later have to repair. Lee’s stratezy
is to prevent the problem by using “can you bring”
to request Ray’s attention and by starting again only
once he has Ray’s sttention. Indeed, Lee restarts “can
vout bring™ precisely as Ray begins to tum his head
toward Lee. Lee’s strategy, which itself requires ¢ joine
action, was designed not to remedy an existing problem.
but to prevent a future problem from arising.

Presentation aad Idengification

Atlevel 2 (presentation and identification), Ann must
present an utterance, getting Bob (o identify it, and that
again requires coordination. For them to sicoeed, Ann
needs evidence that Bob is identifving her utterance, snd
be needs to provide that evidence. The evidence address-
ecs provide may show they haven't yet identified an ut-
terance at all, a2 problem speakers usually repair by
repeating the utterance, as in this spontansous example
(from Svanvik & Quirk, 1980):

: {{where are you))
T m?.

where are you

well I'm still at college
: feontinues]

& W 3 0l

Or the evidence may show that the addressees have
identified oaly part of an utterance, as here (from
Svartvik & Quirk,1930):

Roger: now, - um do you and your husband have

2 j- car?

Nina: - have & car?

Roger: yeah

Nina: no -

Or the evidence may show that the addressees have
misidentified all or part of a presentation, 2 problem
speakers usuaily correct by repeating the misidentified
part, as in this exchange of an address {from Svartvik
& Quirk,1980):

A: yes forty-nine Skipton Place

B: forty-one

A: nine . nine

B: forty-nine, Skipton Place,

in all 3 examples, the problerns are joint ones, and
they are managegd with joint remedies.

Speakers may discover problems from evidence
provided by addressaes, 2s in these examples, but aiso
from monitoring their own presentation. as in this ex-
ample (from Svartvik & Quirk, 1980):

Ann: they still talk about rubbish tins, which

is the American the Australian

Beth: yesh

Ann: expression, . for that thing you put all

the . stuff in at the back gate, you know

Ann catches the ervor in “American™ on her own
and instantly repairs it 1o “Australian.” Immediate
self-corrections like this are preferred for at least two
reasons. First, they aren't as costiy—they require anly
an extra word or phrase instead of two extra tumns.
And second, akhough they repair one problem, they
prevent deeper and more costly misunderstandings
down the fine. They are not oniy repairs, but also
preventstives.

Speakers anticipate some problems even before they
are menifest. For example, speakers recognize that
most presentations have an ideal delivery—one that
is fluent, correct, and optimal for identification {Clark
& Clark, 1977). They also recognize thst any devia-
tion from the ideal may cause their addressees prob-
tems, so they should try to achieve the ideal delivery.
The trouble is, they usually cannot formulate an en-
tire presentation before they begin speaking. They are



forced to formulaie one phrase at a time, interrupting
their utterances to do that. Since thay recognize that
mterruptions and pauses pose problems for their ad-
dressees, how should they proceed?

If speakers foresee a delay or interruption even
when they cannot prevent it, they can help their ad-
dressees prepare for it by waming them about it. One
way is by signaling the onset of an interruption. Sur-
prisingly, they can also signal its size. Evidence shows
that speakers use “uh™ to signal short interruptions,
and “um” to sigrai more serious ones. When 25 uni-
versity students were asked 40 questions like “What
is the name of the first man to run a mile in under four
minutes?” In conversational scttings, there was often
adelay in their answers, If they began without a filler,

9-

8.83

\ o

Delay (pecs)

ﬂm‘l

!m”

No filler
FIGURE 1: Answer delays as a function of filler
use

the delay averaged 2.23 seconds; if they began with
“uk,” itaveraged 2.65 seconds; hut if they began with
“um,” it averaged 8.83 seconds (Smith & Clark, 1993).
The delays of answers are shown in Figure 1.

In a study of the London-Lund corpus of English
conversation (Svartvik & Quirk, 1980), Fox Tree and
Icomputed the percentage of times that “uh™ and “um™
were preceded and followed by perceptible pauses.
The percentages are summarized in Figure 2.

Speakers quite often produced “uh™ and “um™ af-
ter pauses. But they tended to use “uh™ when there
were no further pauses and “um™ when there were. So
in both studies, speakers used “uh”™ and “um™ to warn
addressecs about the size of interruption they were
anticipating.

5
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FEGURE 2: Occurrence of pauses before or after
fillers
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FIGURE 3: “Thuh™ or “Thee™ preceding noun
phrases with problems
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Speakers also wam addressees sbout problems in
formulating noun phrases (NPs). Aithough “the” is
ordinartly pronounced “thuh,” it is sometines pro-
nounced “thee” when speakers forcsee a problem in
formulating the current NP. in the London- Lund
corpus, Fox Tree and I found disruptions in 7% of
the NPs introduced by “thuh,” but in 80% of those
introduced by “thee.™ The percentages are shown
in Figure 3.

Apparently, speakers choose “thee™ to wam of
an approaching disruption, and that should help
addressces prepare for it.

At the level of presentation and identification, then,
the participants Ann and Bob not only repair existing
problems. but try to prevenat future problems and wamn
of approaching but unavoidable problems.

Meaning And Understanding

At level 3 (meaning and understanding), Ann
mast get Bob to understand what she means with
her utterance. To succeed. they must reach the mu-
tual belicf that he has understood her well enough
for current purposes, and for that, he must provide
her with evidence of his understanding. When
speakers detect misunderstandings in the evidence
provided by addressees, they initiate the needed
repairs, as here (from Svartvik & Quirk, 1980):

B: k who evaluates the property - - -

A: uh whoever you asked, the survevor for the

building sociaty

B: no, | meant who decides what price n’ll goon

the market -

A: (- snorts) whatever people will pay - -

When A’s answer to B s question shows that A has
misunderstood him, B starts his correction *“No, |
meant.” In other cases, addressees detect the prob-
leras first and ask for repairs, as B does here {from
Svartvik & Quirk, 1980):

A: Weli wo uh what shall we do about uh this

boy then

B: Duveen?

Am

B: well I propose 1o write, uh saving . I'm: very

sorry [continues]

When B isn’t certain which boy A is referring to,
he gets A to confirm that it is Duveen.

It is even more prevalent for speakers to find prob-
lems in their utterances ard repair them before they
cause further misunderstanding. as in this example
{from Svartvik & Quirk. 1980):

Jane: this is the funny thing about academics, -

that if you're no- uh you know, i I've come to it,

so late, I mean I’ve had a lifetime of expericnce,
roliing around,

I8

At one point. Jane savs “that if you’re no-" then
cuts herself off and then offers the repair “1 i*ve . come
to it, so late.” She then offers a second repair, “I've
had a lifetime of experience, rolling around.” But she
does more than make the repairs. She signais the tvpe
of repairs they are by rneans of editing terms-—"uh
you know™ for the first and “1 mean™ for the second.
This way she kelps her partner prepare for the repairs
with wamings about when they are coming and why.

Speakers have other less obvious strategies for pre-
venting misunderstandings. One is the use of hedges
such as “kind of.™ “sort of,” and “like.” Consider “sort
of” in this example (from Svartvik & Quirk, 1980):

Reynard: but you see, 1t is sui generis, so ((it'!))

so . anybody who is looking for, um . a 2 niche to

fit it a readv-made niche, . in English grammar to
fit it . into. . is sort of begging for the moon, - -

{(you see))

If Reynard had said “is begging for the moon,”
he would have implied that the expression captured
precisely what he meant. By saying “is sort of beg-
ging for the moon.” he implies that the expression
is only approximately right. Evidence shows that
when speakers use hedges such as “kind of.” “sort
of.” and “like,” they are indeed less accurate. When
university studerts were asked to retcl! stories they
had just heard. they produced direct quotations both
with and without hedges {see Figure 4). When they

Percent Verbatim Woring
N
L

o

Without hedges With hedgas

FIGURE 4: Verbatim wording with and without hedges



didn’t use hedges, they reproduced 38% of the ver-
batim wording from the original stories. When they
did use hedges, the percentage was only 21% (Wade
& Clark, 1993).

These speakess were right 1o warn their addressees
of their inaccurecies.

CONCLUSION

in a common view of language use, problems are
managed by speakers, who monitor for them and
repair them when they arise. | have argued that this
wiew is oo nartow. For one thing, managing prob-
lems is something the participants do together. All
problems are ultimately joint problems, and they have
to be managad with joint strategies. For anotherthing,
speakers do more than make repairs. They bave strat-
egies for preventing certain probiems from arising at
all. For problems that are unavoidable, they have
strategics for warning their partners—to help them
prepare for the problems. And for problems that arise
anyway, they work with their partners in repairing
them. In the management of problems, preventatives
are preferred 1o wamings. Repairs are the last resort.
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PILOT AND CONTROLLER COMMUNICATION ISSUES
Lindg Connell

NASA Armes Researck Center, Aviation Safety
Reporting System
INTRODUCTION

The NASA Avistion Safety Reporting System
(ASRS) was established in 1976. Since that time,
ASRS has received, processed, and analvzed approxi-
mately 280,000 volhuntarily submitted avistion safety
reports from pilots, air traffic controllers, and other
participants within the Nationsi Airspace System.
Currently, the system is averagimg 30,000 reports per
vear (ASRS, 19943). The establishment of ASRS was
largely influenced by the crash of TWA 514 near
Weshington Dulles Airport in 1974. During the course
of the National Transpostation Safety Bosrd (NTSB)
investigation of this unfortunate accident, it was
learned that pertinent information concerning & known
hazard had not reached the pilots of this fateful flight
and would have likely prevented the accident. As a
result, it was recommended that a program be estab-
lished to provide a central, national resource for
information on aviation incidents. As a meanc of
preventing accidents, the ASRS uses the information
it receives to remedy reported hazards, to conduct
research on pressing safety problems, aad to
otherwise further aviation safety.

The ASRS provides confidentiality to pilots,
air traffic controllers, and others who discuss the
circumstances surrounding the occurrence of an
actual aviation incident {c.g., an unsafe flight
condition, an inadvertent violation of a Federal
Air Regulation, a near-accident, etc.). This assurance
of confidentiality is provided by NASA, an in-
dependent government agency, under the conditions
and requirements cstablished in the FAA Advisory
Circular (AC No. 60-46C). In this AdvisorvCircular,
the FAA extends iimited immunity to individuals who
report unintentional rule violations. This provi-
sion has been crucial to reporter motivation and
confidence to report incidents in 2 non-threatening
format. As siated in the Advisory Circular, “The filing
of a report with NASA concerning an ircident or
occurrence involving a violation of the Act of the
Federal Aviation Regulations is considered by the
FAA to be indicative of a constructive attitede. Such
an aftitude will tend to prevent fulure violations.”
{pp. 3).

When an incident occurs, the reporter submits an
ASRS reporting form which provides a detailed sum-
mary of the conditions and situation variables involved
in the incident. The form includes information about
the type of operation, type of aircraft, qualifications
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of the reporier, weather, airspace, etc. The most vivid
detail of the incident event, however, is provided in
the namative section of the report where the reporter
recounts the actusl events preceding, during, and fol-
lowing the incident. This combinstion of information
is the single, largest advantzge of incident reporting
to the on-going efforts of accideat prevention. The
reporters involved in the event are able 1o relate the
conditions surrounding the incident, but they are
also able to relate how they detected and resolved
the problem in a satisfactory manner. Often accident
investigations are unable to recreate this kind of in-
formation. Incident analysis can and does provide this
useful information for use in targeting potential ar-
eas for improvement and thus, contribute to acci-
deat prevention.

Because of the richness of the data provided to
the ASRS, the opportunity to use the information
to accomplish 2 purposes is available, 1 short-term
and ! long-term. The first purpose is to identify
deficiencies and discrepancies in the current aviation
system (ASRS, 1994b). The data is used to inform the
participants in the system of safety concerns or devel-
oping problems within the system. To satisfy thegoals
of this purpose, there is an alerting function in
place within the ASRS which distributes de-iden-
tified information on ary significant safety item
to ail responsible agencies and participants of the air-
space system. The long-term purpose is to provide data
for planning and improvements to the National Air-
spece System {ASRS, 1994b). ASRS maintains an
active database of aviation incident reports to pro-
vide relevant information for guiding aviation hu-
man factors research efforts and recommendations
for future aviation procedures, operations, facilities,
and equipment. ASRS partkular concern is the qual-
ity of human performance in the svistion system.

To maximally support these purposes, each
incident report is reviewed and analyzed by a team
of experienced aviation safety snalvsts. This tcam
is composed of retired pilots and air traffic control-
fers from a!l types of operations and environments,
such as commercial Part 121, commuter Part 135,
corporate and general aviation Part 91, Air Traffic
Control {ATC) Tower, Terminal Radar Control
(TRACON;, Air Route Traffic Coantrol Center
{ARTCC), and Flight Standards District Cffice
{FSDQ) organizations. The incident reports are evalu-
ated by the analysts, selections are made for full and
abbreviated processing, telephone callbacks to the
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reperiers for ¢larification may be made, and cach
report s categorized into 3 selection of categories
describing the incident event characteristics. One
of the many arcas that are cvaluated in these re-
ports is communication or information transfer,
which is the focus of this paper.

INFORMATION TRANSFER

The structure and content of the current pilot/air
traffic controller communication interaction is the re-
sult of an evolutionary process developed to handle
the demands of the RCRSSATY aspects of information
transfer within the avistion system. Whether this in-
teraction has evolved toward the most efficient and
accurate method available is often questioned when
investigating communication errors. However, the
established method has been suceessful overall and
responsive 10 numerous aspects within the dynamic
nature of the National Airspace Systers.

In the aviation environment, radic communication
is essentially the only means of information method
utilized for this communication intcraction transfer
between the aircraft and the ground. There is a thres
part transaction beginning with the jnitial trans-
mission of information, usually from the air traffic
controller to the pilot (Figure 1). The pilot response is
calied arendback, which inciudes the necessary com-
ponents of the aircraft callsign and a repeat or acknowi-
edgment of the information received (as understood
by the pilot). The last part of this communication
transaction is a heardack, which requires the air
rraffic comtroller to evaluate the piiot readback
for accuracy and to clarifv any discrepancies. Al-
though aew technology (eg automated
clearance and fuwre data-link systems) wili be
introduced as 2n gid to information transfer, the
necessary components of this transaction process will
continue o be required to maintain the orderly and
timely flow of information between the flight deck
and the air traffic control facility.

In the initial 5 years of the ASRS program’s
existence, over 70% of the reports suomitted noted
probiems in the transfer of information in the
aviation system. Information transfer issues continge
20 represent the largest category of problems contained
in these reports. Additional rescarch by the ASRS staff
into the events characterized by information transfer
issues has vielded other reports and publicetions
focusing attention on pilot/controlier communications.
The existence of this very pervasive issue and a dis-
cussion of the characteristics has been documented in
ASRS pubiicaticas on specific problems of infor.
mation transfer {Billings & Cheaney, 1931), cail
sign confusion (Monan, 1983) and readback/
hearback errors (Monan, 1986).
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ASRS DATABASE OVERVIEW

The ASRS database for 1995 was sesrched for all
incident reports cetegorized for communicationfinfor-
maticn transfer issues. The toial database included
24,376 and the total full-form incidents included 6,344
reporis (ASRS, 1994a). The information pecessary
1o evalusts communication issues in detail is included
in the analyses of the fuli-form reporis. Therefore, the
following informaticn will focus on those reports oaly.
Eleven communication probiem areas were identified
and are presented in Table 1.

The 2 most frequently reported commaunication
probiems sre controller and pilot communication tech-
nicque, respectively 50% and 46%. These categories
are expected to be high as the classification scheme is
not mutually exclusive; however, this does indicate
that the evaiuation of these reports describes commu-
sication technique as 2 large general problem area.
Contreiler communication technique is coded when
ASRS snalysis indicates that a controller may have
used less-than-optimum means for communicating
the message. There may be 1 phraseology problem
involved, or there may be an issue of just what in-
formation was communicated by the controiler and
when information was communicated {ASRS,
1994a). Pilot communication technique refers to 2
wide variety of communication probiems fostered by
pilots. Two types of pilot communication technique
problems are pilot failures to monitor freguencies and
pilot fatlures to verify doubtful communications. Many
communication probiems reported to ASRS arise be-
cause pilots are not “guarding™ frequencies carefully.
They miss clexrances directed to them, or intercept
clearances intended for other aircrail. Also, pilots will
often admit in the ASRS reports thar they had some
doubt about an ATC commaunication, but chose to
clarify it with another crewmember ratherthan ATC.
if the other pilot was not listening carcfuliy, the
¢rew may end up doing what they “thought they
were told,” or “expected o be told.” This problem
seccms 1o be rooted in frequency congestion,
which makes it difficult to verify ATC commu-
nications, and the personai pride of the flight craws,
which make them reluctant to admit to a menitoring
failure (ASRS, 1994a).

Within the air wraffic coatrol eavironment,
intra- and interfacility coordination are described
as 8 contnbutor to comrmunication problems in 12%
of these incidents. Controller reports often cite
distractions, such as inter/intrafacility coordination
activities, as the reasons for not monitoring fre-
quencies with full attention. As & result, they
miss pilot call-ups or fail 1o detec: erronecus
readbacks. Controller monitoring failures can be re-
tated 1o workload. During busy periods, controflers
may shift their attention to aircraft “B™ &s soon as they
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FiGURE 1: Pilot-Controiler Communication

Communication Problem Areas* Number of Perceptage of Total
Citations Communication Reports
Controller Communication Techunigne 858 %
Pilot Communicatien Techaigae 794 4%
Readback/Hearback 266 12%
Freguency Congestion 160 %
Interfacility Cocrdination 124 T%
Phraseclogy 9% %
Laeguage Problems 92 5%
Intrafacility Coerdination 87 5%
Headset/Speaker Malfunction 56 3%
Simulianeouns Transmission 47 3%
Similsr Sounding Alphsnumerics 33 2%

tCommanicztice probiem ares classifications are act matoally exclusive.

TABLE 1: ASRS Incidents With Communication Probiems {1993)
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kxve given a clezrance to aircraft “A™ witkout
waiting for 2 readback. The “hearback™ portion of
the communication transaction remains a significant
a2nd difficul task 10 accomplish (ASRS, 1994a).

Resdback/hearback, frequency congestion, and
phraseology problems are described as 2 contributor
in these communication incidents, respectively 12%%,
9%, and §% of the time. Frequency congestion
results in both miscommunications and noa-
communications. It encourzges cammunication short-
cuts and doviations from standard phraseclogy {ASRS,
1994a). It interacts with and contributes negatively to
many of the other commumication problem sreas. In
this paper, the communication problem areas of
Readback/Hearback and Phraseology were further
evaluated for: {1) the types of reported incident anoma-
iies associated with these problems, {2) the
evaluation of who was the original reporter. {3) who
attributed to the primary problem, and {4) the phase
of flight where the incident occurred.

Readback/Heardack

When ar error in the readback/hearback process
between the pilot and air traific controller occurred
&8s & contributor to a reporred incident, the report was
coded into this communication problem arez. ASRS
has a steady flow of reports that reference problems
with information verification. Often, these references
appear in the form of complaints by flight crews that
a coatrolier failed to correct an ingccuracy in their
understanding of a clearance. On cther occasions,
piiots are accused of failing 10 readback 2 cicarance
o fatling to provide a complete readback o confirm
its coatent. The article by Morrow, ct. al. {19%4),
investigates the complexity of the collaborative
strategies used by pilots and air traffic controilers
in the communication process. The hierarchy of
reported incident snomalies is presented in Figoere 2.

Altitude deviation, airhorne conflict, less than
standard separation. rack or heading deviation, and
runwsay transgression comprise the 2op $ incidents
that involved a readback/hearback problem as 2 con-
tributor. The frequency of pilot and sir traffic con-
troller report submission is indicated in Figure 3.
The person ot variabie determined by the report snzly-
ses to have contributed to the primary readback/
hearbeck problum is peesented in Figure 4. A flight
crew and an air traffic controlier could potentially
contribute equally to a reposted incident; however, the
fight crew in the overall dutz is attributed with 67%
of the primary problem and arr raffic control with
23%. Of course, this result could be affected by the
frequency of incident reporting in this readback/
hearback caegory for pilots at 81% and a3ir waffic
controllers at 19%.

The phase of flight most often invoived in the
reagback/hearback incident is presented in Figure 5.
The top 5 phases of [light that were reportad as in-
cluding & resdback’hearback problem are cruise,
climb, descunt, takeoff, and waxi. The {light phases
listed below the first 3 are also descriptive of other
points in the conduct of a flight where readback/
hearback problems con play a role in an incident. The
results in this section, as in many other variables, are
probably influenced by the frequency of oppertunity.
In other words, the major portion of a flight is in cruise,
therefore providing an increased probability of a
readback/besrback crror. Further in-depth analyses of
each reporter’s narrative could illuminste the
potential factors explaining some of these findings.

Phraseslogy

When communication incidents are cvaluated in
relation te phraseolosy &5 & communication peoblem
area. it is discoversd that phraseology problems oc-
cur in virtuaily &8 opes of events where instructions
from ATC are mvolived. This category of cornmuni-
¢azion probiems most often refers to the deviation
from standard phraseology by pilots or air traffic
coatroliers (ASRS, 1994a). This deviation can be
in message conten. or in delivery technique, as ex-
plained in detil in the anticle by Prinzo & Britten
{1994).

Altitude deviation, runway transgression, and
airborne conflictare consistently the 3 most frequently
reported occurrences related to phraseology prodlems
{Figure §). Track or hesding deviation is the fourth
maost frequent with less than standard. separation,
ground confiict, aircraft equinment probiem. and near
midair collision sharing the fifth most frequently
reported type of incident relsted to phraseology
problems.

The frequency of pilot and air traffic controlles.
repor: submission is indicated m Figure 7. The per-
son or variable determined by the report analyses to
have contributed to the primary readback/hearback
problem is presented in Figure 8. As in readback/
hearback incidents, the flight crew reports moee fre-
quently and is attributed with the prmary problem
more frequently. As previously mentioned, the
primary probiem result could be influenced by
the volume of reporting by flight crew and the
apparent willingness to accemk responsibility for the
ensuing problem. Although, both pilots and air traffic
controilers use nonstandard phraseology. pilots
indicate lower levels of awsrcness of proper
phraseoiogy and weak adherence to communication
protocols. The system provides very lirtle format
reinforcement o the pilots to comnmnicate with
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FIGURE 5: Phases of Flight Involved in ReadbackHearback Incidents

FIGURE §: Anomalies Associzied With Phraseclogy incidents
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FIGURE 7: Phrzseology Incident Reporters

FIGURE 8: Primary Problem Identification in Phrasenlogy Incidents.
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standard phraseciogy. There is considersbly more
stringent surveiiiance in the ATC environment for the
use of standard phraseology.

The flight phases of taxi. approach. and tskeol
occurred aqually in this set of phraseology incidents,
followed by climb, desvent. and ground hold (Figure
9). The results in this section may be identifving the
erucial phases where the adherence to standard
phraseology is potentizlly more important. A coatin-
ued in-depth enalyses of each reporier’s narrstive may
provide the explanation for these findings.

SUMMARY

Communication failures among pilots and air
reffic controllers are a common theme in the
Aviation Safety Reporting Svstem. This was true
in 1976 when the ASRS program was instituted, and
it is equally true now{Connell, 1994). The data pre-
sented in this paper reflect the reports currenth
available in the incident reporting database and
can provide & basis for investigating these problem
arezs. As further confirmation of the identified com-
munication problem zreas, a recent ASRS effort
<concerning communication issues was conducied.
A collective team of expert ASRS anaivsts addressed
11 pilot and air traffic controller communication
issues based on their processing of thousands of
communications-related incidents {Chappeli, 1983).
Their sumnary incheded these issues:

+  Tendency of either pilots or conirollers 1o hear

what they want to hear during a readback.

* Reluctance of flight crews to question 2 control-
ler orseek clarification of aclearance, especially
when the controller sounded rushed, angry, or
overloaded.

= Flight crew acceplance of an uncommon clear-
ance without guestioning twithATC{e.g., climb
10 13.000 off of ORD instead of the usuai 5,000
fi. restriction. This wasan ATC errornot caught
by the flight crew).

= The convevance of a cavalier attitude by a pilot
with the response, “Yeah, we'll doali that,” and
subseguently surprises ATC when the flight is
ungbleto . . . do ali that ™

= “RapiiFire" transmissions from ATC often with
sbbreviated calisigns.

» Failureof ATC tozlertor zive emphasisto other
flights to the similarity of calisigns.

» Flightcrewfailure toreceive the “Golden Words™
from ATC, but were under the impression that
they were:

“Cleared for takeofl™
“Cleared to land™

+ The inevitable traps caused by a lengthy ATC
clearance with 100 many numbers.

= Issuance of taxi instructions during application
of reverse thrust on landing rolious.

= Nonessential company/auxiliary communica-
tions during spproach orinttial departure phases.

= The use of nonstandard phrascology by both
piiots and controllers:

“Do the best you can”

“Give me your best rate of climb.”

“Maintain two-three-zero.” (Is that speed.
head:ing, or ehitude???)

Use of abbreviated calisigns

The database summary and the previous list point
out some of the areas of concern for both pilots and
air traffic controllers and is offered constructively
without any attachment of blame. The overal} goal is

FIGURE 9: Phases of Flight invoived in Phraseclogy Incidents.




collaborative, cooperative interz-~ions between pilot
and sir trafiic controller which anderlic the equatl
responsibility for efficient, accurate information
transfer. The system needs to support this relation-
ship in its procedures, rules, requirements, and
training. Routine training of pilot/air trsffic con-
troller techniques will reinforce effective radio
skills and communication awareness. There isaneed
to emphasize that there is 3o penalty for verification,
confirmation, or clarification of information whenever
there is any doub? or questicn. There may be a pen-
akty or worse for accepting incorrect information. Full
readback/hearbacks will increase the likelihood of
error detection and may reduce workioad and fre-
quency coagestion overall by omitting the additional
communication necessary when an esvor is discovered.
In general, listeaing on the part of the pilovair traffic
controller team is an important skill needing constant
reinforcement and improvement?.
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HOW TO SAY IT AND HOW MUCH: THE EFFECT OF FORMAT AND COMPLEXITY
ON PILOT RECALL OF AIR TRAFFIC CONTROL CLEARANCES
Judith Berki-Cohen
USDOT-RSPA-Volpe Nationa! Transportation Sysrems Center

INTRODUCTION

I am presenting preliminary results of a part-task
simulation study investigating the best way for air raf-
fic controllers to communicate numerical air traffic
control (ATC) information, such as heading, radio fre-
quency, air sped, altimeter setting, and sititide. This
work was done in coilaboration with Dr. Kim Cardosi
at the Volpe National Transportation Systems Center
and the MIT Flight Transpoctation Laboratory. The
work was sponsored by the Federal Aviation
Administration’s Research and Development Service.

The study attempted to answer 2 questions:

1) Which presentation format best helps pilots re-

atember numerical ATC information correctiy?

2) Howmuch information should a single trans-

mission contain?

The first question was motivated by arecent change
in ATC communication procedures. Currently, con-
trollers are required to convey all numbers in sequen-
tiaf foetnat, that is, digit by digit. For example, a speed
of 310 knots has to be conveved as “Increase speed to
three one zero.™ Originally, it was assumed that this
format is more intelligible in a noisy cockpit than the
corresponding grouped format, ie., “three hundred
and ton.” Recently, however, controllers have been
atlowed to restate altitude clearances in grouped for-
mal, ¢.g., “seventeen thousand niner hundred,” afier
having given them in sequential form, i.c., “one seven
thousand piner hundred.” This change was based
oncontrollers™ intuitions that numbers in grouped
format might be better remembered. No objective
daty were available, however, to motivate this change
in procedure.

The second question was motivated by an analysis
of enroute controller-pilot voice communications by
Cardosi (1993). In this analysis of sudiotapes recorded
at Air Route Traffic Control Centers, she found that
the more information a2 ciearance contained, the more
likely it lead 1o communication problems, that is, a

for repetition of an incomplete of erroneous
readback of the information.

METHOD
We presented airline pilots with taped air traffic

control clearances comesponding to a low-sector en
route environment. They were spoken by an ATC

3

specialist. To study the effect of complexity on
pilots” recall, the clearances contained cither 3, 4, or
3 pieces of information. To study the effect of for-
mat, the rumbers contained in the clearance were said
either in sequential, grouped, or restated format.

The pilots were asked to assume the role of the
ncn-flving, communicating pilot. They listened to
the clearances over headsets and read the ciearances
back into a microphone. They also set the valucson a
mock-up mode control panel {Figure 1). They were
asked to respond in all cases, but could press a “Say
Again” button next to each setting to indicate that they
would have asked for a repaat in real life. They could
do the readback and settings in any order. They were
not permitted to use a notepad to 2id memory.

The controlled laboratory setting allowed us to
increase the validity of our results. The clearances
were spoken very clearly and not too fast, to avoid
confounding the effect of our variebles on pilot recall
with inteiligibility. Also, to avoid contaminztion of
our dats with pilots’ expectations, the clesrances did
not follow a realistic Right scenario. We did, how-
ever. use the terms “reduce.” “increase.” “descend.”
and “climb™ appropeiately. Also, we restricted the
clearances © possible values only and observed speed’
ahitude restrictions and rules such as pairing even al-
titudes with western headings and cdd altitudes with
eastern headings.

Another factor that might contaminate the resulis
is the context and order in which the information is
presented. Observing the constraints that altimeter
readings follow altitude changes and frequency is
given last, all possible combinations and orders of
information were carefully counterhalanced across the
3 formats and compiexity levels. This resulted in 36
different clearances that pilots had to respond 1o, 12
at each complexity level. Each experimenta! clearance
was compiemented by 2 similar (with respectto or-
der and complexity) clearances for other sircraft,
resulting in & totai of 108 clearances (actually, 110
clearances, counting the 2 “cateh™ clearances for the
pilot conteining urexpected information such as traf-
fic point-outs, etc.). To present each clearance inall 3
presentation formats, pilots were tesied on this set of
experitnentzl and filler wials 3 times. The sessions
differed in the order of presentation of the clearances,
with the constraint that ro 2 clearances for the pilot
immediately foliowed each other. Also, constraints
such as the even aititude/western heading had to be
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FIGURE 1: Mock-up Mode Contro! Panel

observed when & new clearance changed only in
altitude, but not heading. The order of presentstion
of the 3 sessions was again counterbalanced across
the 24 airline pilots volunteering for the experiment.
Each session lasted 45 minutes.
Here is &n example of a clearance with 5 picces of
information in the “grouped format:™
Universal 1642. Reduce speedto two thirty. Fly
heading zero four zero. Descend and maintain
fifteenthousand. Houston altimeter twenty-nine
fifty-two. Contect Houston Center on one
thirty-two point tweniy-two.

Asyou can see, heading information is always given
sequentially. Here is another clearance at complexity
fevel 5, this time in “restated format:”

Universal 1642. Climb and maintain one six
thousand], that’s sixteen thousand. Revised Hous-
ton altimeter two niner niner niner. Fly heading
two four zero. Increase speed to three one zero.
Contact Houston Center on one one riner point
scven five, that’s one nineteen point seventy-
five.

Based on discussions with controllers, we expanded
the recent accepiance of restating altitude to include
frequency.

RESULTS

Now, let’s look at the results. Figure 2 shows
percent errors by complexity for each format,
summarized over all types of information. Pilots per-
formed remarkably well, especially considering that
we were testing unaided recall without a coherent
flight scenaric. The number of responses collected in
each cell ranged from 361 to 2587, and the eror rate
never exceeded 4.2 percent.

We counted as errors all instances where either
readback or setting or both were incorrect, resulting
in a total of 224 errors or 2.2 percent. For most ervors,
both readback and setting were incorrect and identi-
cal. In 2 tnstances, both were incorrect but difierent.
In 13 cases, the readback was wrong, but the setting
was correct. There was fortunately only one opposite
case, where the readback was comrect, but the setting
was wrong. Cases where both the readback and
setting were omitted were aiso considered as errors.

Figure 3 shows percent miscommunications sum-
marized over al! types of information, by complexity
level for exch format. Miscommunications inchude not
only errors, but also requests for repeat (regardiess of
whether the readback or setting were correct), and the
42 mstances where pilots sct the correct number but
omitted the readback that was mandatory in our ex-
periment. In short, miscommunications include any-
thing that taxes 2ir traffic control resources, be it
that controllers have 1 correct readbacks, repeat in-
formation, or ask for a readback that they had
requested.

As you can see, an mcrease in complexity does
appear to increase the number of miscommunications,
especially in the grouped format.

Figures 4 and S show percent errors end mis-
communications for altitude by complexity for
each format. The values ranged from 4,000 to
17.000, in increments of 1,000. The number of re-
sponses collected in each cell ranged from 216 to
384.

As you can see, there were very few errors or
miscommunrications. The possible reasons for this
excellent performance with altitude are threefold.
Firsy, aititude is arguably the most important piece of
information in any clearance. Second. the numbers
used in the low-sector en route environment simulated
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in our experiment cover & relatively small range. More-
over, we always gave altitude with 2 heading and/ora
speed, which restricted the set of possible numbers
even further (eveniodd rule, speed restriction at low
altitudes). Third, the number itself, with maximum
2 positions and the “thousand™ remaining con-
stant, do not represent a high memory load.

Again, recall of altitude in grouped format sppears
to detericrate with increasing complexity. No conclu-
sions regarding the effects of complexity can be drawn
for the sequential and restated format due to the small
number of ervors.

Figures 6 and 7 show percent errors and miscom-
munications for radio frequencies by complexity for
each format. Frequency values ranged from 118.02 to
112.37and 123.67 to 133.97 in increments of .01. The
number of responses collected in each cell ranged from
145 to 287.

A coraparison between the 2 figures shows that the
apparent stabilization or reduction of errors when go-
ing from 4 to 3 picces of information per clearance is
due to an increase in reguests for repeat, at least in the
grouped format.

Restating frequency does appear to reduce mis-
communications. This might however be simply a
function of hearing the information twice, regardiess
of the format.

Figures 8 and 9 show percent errors and mis-
communications by compiexity for each format for
altimeter. As you can sec, altimeter was not presented
in clearances with only 3 pieces of information.
Settings ranged from 29.00 to 31.00 in increments of
01, ‘The number of responses collected in each celi
ranged from 192 ¢0 875.

Whereas in grouped format both error and miscom-
munication rates increase with complexity (the fatter
to as high as 13.59 percent). in scquentia! formatonis
miscommunications appear affected, reflecting 2gain
the fact that pilots more readily asked for 2 repeat at
the higher complexity level.

Figures 10 and 11 show perceat errors end mis-
communications for heading, which ranged from 10
to 360 in increments of 10 and was said only in se-
quential format. The number of responses collected
in each cell ranged from 718 to 863. Again, increased
complexity appears to result in a modest decrement
of recall.

Figures 12 and 13 show percent emors and mis-
communications by complexity for each format for
speed. The number of responses collected in each cell
ranged from 240 to §73.

Ranging from 210 o 310 in incréments of 10, speed
is the only type of information that appears tc show
slightly better recall when it is said in grouped for-
mat, at least with regard to miscommuaications. A
possible explanation is that grouping speeds help
distinguish them from the always sequential headings,

How to Sav It and How Much:

with which they overiap in renge. In other words, speed
and heading are uniguely encoded in the grouped
condition.

An increase in complexity does appear to affect
recall, slthough the percent miscommunications in
grouped format leve! off when going from 4 to 5 pieces
of information in a clearance.

CONCRUSION

The following conclusions may be drawn from these

data:

1) Restating information appears 16 improve recail,

_ afthough the format of the repetition may not
matter.

2) A part from the possible coding advantage for
speed, the data do not support the widely held
opinion that grouping numbers improves recall;
indeed, grouping might reduce reczll. An ob-
jection to this conclusion may be that we were
testing the unfamiliar against the familiar in the
same test session (mixed design).

3) Presenting more than 3 picces of information in
one ¢clearance may lead to errors or requests for
repeat.

These conclusions are supported by pilots” answers
10 the questionnaire administered both before and af-
ter they had experienced the differcnt formatsicom-
plexity levels in the experiment. Let’s leok first st
pilots’ before and afer preferences for format.

For altitede, 13 of the 24 pilots preferred the
restated format already before exposure, 16 after. Five
pilots preferred grouped before, but only 2 after. Siv
pilots preferred the sequential format both before and
after.

Gary | piiot wantca frequency restated before
exposure, but as many as 11 after. Ten pilots wanted
frequency grouped before exposure, but only & after.
Thirteen pilots preferted frequency sequential before
and 8 after exposure,

Most piiots (16) preferred heading in sequential
format both before and after the experiment. Three
more swiiched from grouped to sequential afler the
experiment. Two remained with grouped, 2 with re-
stated and ] switched from sequential to restated. Note
that in the experiment, heading was consistently said
in sequential format,

Despite the possible advantage of grouping speed
in our dats, cnly 5 of the original 10 subjects profes-
ring speed grouped remained with it after exposure.
One switched to grouped afler initially preferring se-
guential. Restated doubled its adherents from 3 to &
after the experiment, and sequential added 2 to its
original 1 1. Note that speed was never restated in the
experiment.
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Alumetes, which was also never restated, received
10 votes for grouped before, and 8 after exposure. One
pilot voted for restated before, and 2 2fter. The num-
ber of adherents to the sequential format remained at
i3, aithough there were some losses and gains mainly
from and to the grouped format.

As to arriine pilots’ inwitions about compiexity,
half recommended a maximum of 3 pieces of infor-
mation per clearance both before ard afier the ex-
periment. This number rose to 20 after the experiment
(interestingly, 2 of these pilots increased their recom-
mendation from 2 to 3). Three pilots felt that thev can
handie as many as 4 even afier the experiment. One pi-
lot never wants to hear more than 1 piece of infor-
mation.

In closing, these results do not support the com-
monly beld opinion that presenting numerical ATC
information in grouped formast heips. They do sup-
port, however, the practice of restating information,
possibly regardless of format. Morecver, controliers

should be advised that presenting more than 3 pieces
of numerical information in a single clearance may
not save time. but lead to ervors or at least requests for
repeat. This conciusion is particularly significant con.
sidering the fact that our results stem from airline pi-
fots with a minimum of 3.000 hours of experience
{aithough the average was much higher).

We are currently preparing to conduct an experiment
that will test whether the effects of format and com-
plexity interact with speech rate, In this experiment,
we will test the 3 formats separately (blocked
design), which will weaken the argument that testing
the old (sequential} against the new (grouped) is an
unfair com parison.
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A TRAINING PERSPECTIVE: ENHANCING TEAM PERFORMANCE THROUGH
EEFECTIVE COMMUNICATION
Barbara G. Kenki
NASL Lmes Researck Center

INTRODUCTION

The presentations given in this workshop are
commonly united by their focus on voice commu-
nications, and we are hers today in order to share our
experiences with different methods and metrics of
analysis. In addition to studying different aspects and
ievels of communication, our “subjects of study™ are
spezkers and nearers from different work domains
primarily within the aviation system. In addition, our
research aims at a variety of research gosls. Forex-
ample. some among us snaivze communications be-
cause we gre trying to understand why 2n accident
occurred; others are concerned with developing
equipment and procedures that are better suited to
communication requirements. Still others represent
& training perspective, and study communications in
order to provide guidelines and recommendations for
training more effective communicators. This is the
perspective | am presenting and much of the work
we do at NASA Ames Research Centet in crew com-
munication is geared towsrd customers from airline
training departments with the goal of giving trainers
useful information for the pilots they train. Through
cipiesthat address communication problems and point
to effective stretegies and skills that cen be Jearned,
practiced and assessed.

Conceptes] Model for Commaunicstios Proecsses

The conceptual framework in wiich communication
processes play 2 critical role is depicted below in
Figure 1. This is a simple input-cutput modet, in which
communication is one type of group process that
mediates between a Jarge number of input factors
and team performance outcomes. Basically, we are
interested in learning about relationships between
ipput factors and process variables that affect
performance outcomes such as safety, effectiveness
and efficiency of flight operations. We are particu-
larly interested in group processes because these
are behaviora! patterns that can be identified and
described for training purposes; both in terms of
patrerns that alert us to symptoms of problems. and
also in terms of eifective patterns that represent
successful intervention strategics. In any particular
situation, communication may indicate how the team
is progressing toward their mission goals. Are there
symptoms that 2 team is having problems? Is there
evidence that a team: is successfuily coping with a situ-
ation? Our goal s researchers is 1o identify patterns
that differentiate the 2; lower performing teams from
high performing teams.

DEFUT VARIARLES

QUTIUT VARMBIES

FIGURE 1: Communication patterns may indicate symptoms of problems or strategies foe
imtervention
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Assumptions Urderlying the Communicatioa
Process

Assumption 1: Communication is Interactive.

Our research approach incorporates several kev
assumpdions. Firs, communication 15 interactive: that
is, communication involves speakers and hearers
whose speech acts are both actions and reactions. In
short, speech is both active and reactive because
communicators are both speakers and hearers (usu-
ally in sequence). What one person says may have
baen generated as a response to the other, and, in tum,
it may provoke a response as well. Because of its in-
teractive nature, speech can accomplish far more than
statements of reference. For instance, in the aviation

context, speech is used to issue commands, acknow:-
edge commands. conduct briefings, and perform
standard callouts. In addition, more general functions
such as conveying information, asking guestions, siat-
ing intentions, etc. are other commoniy cbserved
performative speech acts. From a team perspective,
communication functions such as thosc stated m the
lefthand column in Figure 2, play an impovtant rele in
the aviation workplace. The column on the night lists
the associated consequences when communications
fail. Because these tvpes of consequences have been
related to aviztion accidents and incidents, we are con-
fident that enhanced communication skills can play a
role in improving flight safety (Kanki and Palmer, 1993).

Provide informaticn

Establich interpersonal toae
Establish predicizble bebavior
Maintain attertios & task monitoring
Mansgement tool

Problem-solving & decision making

% 4 & % » »

Al e} CR

,A's ne s
Leck or wroag in

rmRtion

»
*  inwzrpersorz! cozilict 2nd teasion

* Non-stzedard. unpredictable behavior
* Loss of vigilance, situstion awareness
* Lack or misdirected leadership

* Lack of planaieg, preparedness

FIGURE 2: Some communication functions and their relsted problems

Assumption 2: Communication Takes Place in a
Context.

Our second assumption is that communication takes
place in a context; namely, the physical, social and
task enviroaments of the aviation domatn. For ex-
ampile, the physical environment includes aspects of
the aircraft and flightdeck itseif, the communication
media used, and features of specific equipment. t also
includes physicail features of the ambient environ-
ment such as noise level, lighting. and competing
stimuli. A second contexi of communication is the
social environment. For example, the way we inter-
prat speech is greatly influenced by who savs it Iden-
tical words spoken by 2 captain and a first officer
may have very different impacts. Similarly, indi-
viduals become known by their own personal styles,
and the same words spoken by a “gregarious, impetu-
ous” person may carry 8 very different meaning
when spoken by a “reserved, cautious™ person. A
third context of communication is the task eavi-
ronment. In the aviation workpiace, communica-
ticns are highly constrained by the structure snd
staridards of the task itscif because through it, the stan-
dard operating procedures (SGP’s). the roles of the
operators, as weli as the rules of authority camied
by each crew position are defined. Embedded within
the task environment are the actions of the operators
themselves. Although we have been talking pri-
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marily about vethal communication so far. communi-
cation includes manv more aspects of a person’s be-
havior. In the aviation context, there are aperator
actions, as well as nonverbal signs that carrv implicit
meaning in the work setting. A gave toward an instru-
ment, and 2 move toward a dial may convey more about
4 person’s intentions than words. Much more can be
discussed in this domain, but I will leave the topic of
comnunication in the context of noaverbal informa-
ton 10 2 Ister talk by Segal {Segal. 1993)

In summary, meny aspects of the physical, social.
and task environment shape the way communications
occur. and we need to understand their effects in order
to identify what is constant sbout communication. and
what is free to vary. In analyzing anv particular speech
stream. our sfratcgy IS to svstematically trace commu-
nication variation back to its source. We need to be
zbic to distinguish whether standard patterns are due
to grammar, SOP s, ¢rew position. organizational cul-
rere, 2tc. Similarly, we need to be able to distinguish
whether unusual patterns are violations of standards,
whether they are acceptable, but ineffective. whether
they are exceptionally good examples of crew strat-
egv, of whether they are simply styiistic differences
which are unrelated to performance. Once we are abie
to make these kinds of discriminations, we come closer
to kentifying specific communication behaviors which
can be vsetfuily trained.



From a trzining perspective, the bottom line is the
proven relationship of clearly defined communication
behaviors to performance differences. Specificaily, we
need to know what communication patteras contrib-
we 1o high levels of crew coordination, and under what
conditions they most effectively ocour. Are the pat-
terns related to pilot role? Are they related to par-
ticular flight phases, or procedures (normal vs.
non-normal), routing, weather, emergency conditions,
ewc. Our primery geal is to develop an information
base of effective communication recommendations for
treining purposes. In addition, we coasider related
aiternatives to echancing team coordination; for in-
stance, through hardware or procedures design that
facilitates the communication process.

METHOD

There arc many ways to obuin deta, and each
method has its own particalar strengths snd weak-
aesses. Our program of research sttempts to take an
irtegrated approach by recognizing & vericty of both
field and experimental approaches and using them in
concert with each other. For example, although
conducting field research is difficult ir tesms of col-
Iecting data in a systematically controlied envi-
ronment, one gains the patural advantage of high
validity. On the other hand,
give us better contro! of \-anab‘ics and often the
opportunity o collect large samples efficiently; but
these advantages are worthless if results fail to
generalize to actual operations.

Field Methods

It is typical for researchers concerned with
avistion safety to educate themseives in the problem
area by studving accident and incident repoits. As pro-
viders of field data, both of these are exemely
informative resources with high face validity. Acci-
dent investigetions are particularly valuable be-
cause the sockpit voice recorder {CVR) as well as air
traffic control tapes provide raw voice data which can
be analyzed m 2 variety of ways. Talks by Veronneau
{1955), and Brenner, Mayer & Cash (1995} will ad-
dress these issues iater. { Also see papers by Predmore
{15%1), and Helmreich {1994) in the Appendix of re-
Iated publications.) By their very nature, accident
analyses are case studies which sre fimited in num-
ber, ‘but aliow in-depth treatment. In contrast, inci-
dent reports rarely allow deep analysis, but they
provide 2 complementsry resource because of the
large number and wide variety of cases repre-
sented.

The Avisiion Safety Reporting System {ESRS)‘
described earlier, is an exampie of a large-scale inci-
dent Satabgse. As mentioned, spproximately 70% of
the first 28,000 reports received {during the first §

A Traixing Perspective:

years) were found to be releted t0 communication
probiems. Because these incident reports represent
many locstions, many companies, 2 great variety of
equipment ang work conditions. the databese provides
2 system-wide perspective Ob commumication 1ssues.
On the other hand, the data is limited because it is
difficult to ensure that the data has been collected in2
standard way. Becanse these are vohuntary seif-reports,
the data is already “interpreted” o some extent, and
may represent biased perspectives. Nevertheiess, as
described earlier in Connell’s presentation (Connell,
1993), the ASRS database has been very useftl in iden-
tfving pilot communication errars, ais traffic control-
Jer {ATC) communication errors, as well as insight
into the pilot-ATC communication process {e.g.,
hearback-readback problems).

Finally, I would like to mention the observational
approach to field data collection. In this method, ac-
tual operations are directhy watched by observers{e.g.,
jumpseating, online behavior coding), or indirectiy re-
corded via sudiovisual means. Obviously, the use of
actual operations preserves face validity. but the ssme-
pling of activities is 2 critical choice the researcher
must make. If the best choices are made, the cnitical
behaviors will be highlighted in an unbiased sampic.

Online observations are constrained by the work
enavironment {physical space, safety, rules, etc.). Many
operztions are conducted in spaces where observer
access is limited or where an observer’s presence
would be highly intrusive; and some high-risk opera-
tions are conducted in spaces where observers are not
permitted for safety reasons. Recording observations
may solve some of these problems but the use of tapes
has its own difficulties. Audio znd video recording
requires legal, logistical, and physical access to the
behaviors of mterest, and such access is not always
easy to obtein. Finally there are some operations which
are so complex or which zre so remote, that the
means for obtzining all aspects of the operations is
very difficult. Here, we must rely o obtaining sc-
€255 10 2n existing commumitation svstem which links
all participants should onz be avaiiable.

Experimentei Methods

The obvious payoff of using experimental
methods is that complex operations can be con-
trolied to some extent. Unfortunately, what is gained
in experimental control often results in & Joss of
operaticnal realism. Therefore the researcher must
carefully find the point on the continuum of realism
{irom iaboratory to full mission simulation} which
provides encugh control to conduct 2 meaningfuol
experiment. For example, if the research question
focuses on an individual operstor’s response, dta
collection o 2n individuzl levei in the laboratory or
part-task simulator may be a suitable choice. How-
ever, if the research focuses on system respoases, and
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involves the way in which multiple czew members or
multiple teams work together, 2 more reslistic full
mission simulation may be nesded. This decision s
also affectzd by whether the research questions are
highly focused or whether it is & more exploratory in-
vestigation. If the research process has just begun, it
may b oo early o restrict the research design to 2
simpie hypothesis testing paradigm.

Even within the full mission simulation paradigm,
there are many choices to be made by the researcher.
There is & certain degree of conirol imposed by the
simulator itself, that is, pilot actions sre constrained
by the actual machinery and research environment.
Still, an appropriate scenario design is needed in or-
der to (1) elicit the behaviors you want to study, and
{2) enable the unconfounded comparison of critical
behaviors. Specific design decisions must be based
on the particular reszarch question. Are you interested
in &n individual or system response” Are you inter-
ested in very specific actions or are vou exploring
mary alternative actions? In many of our simulation
studies, we inchuded pilot-ATC communications in the
soeacrio, since its omission wourld be highly unrealis-
tic. However, we simply scripied the controllers’ com-
munications in order to maintain greater
experimental control, Since we were focusing on
pilot actions only, this decision raade sense. But if
we were to design a simulation focusing on both
controllers and pilots, we would have to trade-off
experimental contro! in order to elicit the cross-team
communications we want to study. In general, the
scenario design is the key to answering vour research
questions. It must be controiled encugh that a
systematic analysis is possible, but it cannot forsake
variations to emerge. It is a fine line which raquires a

The above represents only a few issues in
designing 2 research method for studying communi-
cation processes. There are 2 main lessons to leam;
{1) there zre tradeofls for every method. and (2) the
most appropriate choice is dependent on your particu-
lar reseasch quastion. What I would like to dois leave
these discussions as open topics, especiaily since our
aext talk by Veinott and Irwin will explore many of
these issues in grester gepth (Veinott & frwin, 1995).
1 will aiso Jeave it to them to presenit actual examples
of some of the choices we have made in addressing
particular research guestions.

CONCLUSION

In conclusion, 1 simply want t¢ reiterate the
overall obieciive of this workshop; namely that we
have many experiences represented here, many re-
search methods and objectives. While I'm sure you
have sl enjoyed a measure of success from vour
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current practices and the trial-and-error leaming that
you’ve been experiencing over the years, it would be
rice to circumvent some of this reinvention of meth-
ods by assessing our methods and objectives, and
matching them up in innovative snd perhaps more of-
fective ways. If we can share our cxperiences. we can
fearn about which matches work well and which dont.
Finally, with the ungerstanding that gifferent ap-
proaches yield different kinds of rescarch answers, we
can expand our research by integrating multiple meth-
ods. Your research methods integrated with mine may
give us both better, more compeehensive research an-
SWers.
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COMMUNICATION METHODOLOGY ISSUES IN AVIATION
SIMULATION RESEARCH
Elizabeth S. Veinott and Cheryl M. brwin
San Jose State Universily Foundation

INTRODUCTION

This paper wiil address several communication
methodology issues encountered during the analysis
of data from an aviation simulation study. We
will review the data collection, transcription and cod-
ing of communications and briefly describe the data
analysis and results of 2 study' comparing the commu-
nications of pilots in the antomated MD-88 with those
of pilots in the traditional DC-9 aircraft. By high-
lighting aspects of the methodoiogy involved, we can
address specific tradeoffs that have been encountered
involving the simulation scenario, transcriptionof the
videotaped data, communication coding, selec-
tion of dependent variables, and level of analy-
sis. We present these issues not as a means of solving
methodological dilemmas, but more as a means of gen-
erating discussion about communication research in
general and the special considerations for communi-
cation research in the aviation simulation environ-
ment. A complete discussion of the original simulation
study and analyses can be found in Weiner, Chidester,
Kanki, Paimer, Curry & Gregorich (1991), and fuller
descriptions of the associated communication analy-
ses are in Kaoki, Veinott, Irwin, Jobe & Wicner (in
prep)-

METHOD

Twelve DC-9 and 16 MD-88 two-person crews
from a major U.S. air carmrier pasticipated in a full-
mission simulation. The scenario was designed to
include both Jow- and high-workload periods. During
the flight from Atlanta, GA to Columbia, SC, the crew
had to execute 2 missed spproach at Columbiadve to
bad weather. The flight was diverted and eventually
tanded in Charlotte, NC. Following missed approach,
which began the high workload portion of the flight,
the crew had to select an altemnate and perform sys-
tem malfunction checkliists due to the failure of &
constant speed drive generator. Total flight time was
approximately 80 minutes (Figure 1).

Prior to the flight, cach pilot compieted 2 demo-
graphics questionnzire. The simulation was videotaped
from 2 camerz views, giving an over-the-pilots®
shoutders view of the flightdeck, as well as a separate
view of the controls. Each pilot’s voice was recorded
on a sepanate audic channel. An ont.oard observer
rated sach crew’s performance with respect to

coordination, task management, and sircraft handling.
At the cnd of the experiment, pilots rated their own
workload and performance. Two NASA expert
observers reviewed the videotapes and rated pilot
errors. Overall, there were no differences in
performance between the 2 aircraft. There was a sig-
nificant difference in total flight time, with MD-38
crews averaging & longer flight time in the Normal
phase. Also, MD-88 pilots’ self-reported workload
ratings were higher than those of DC-9 pilots.

Videotapes of the flights were transcribed from
push-back in Atlanta to touchdown in Charlotte. All
checklists and air traffic control (ATC} communi-
cations were transcribed. Speaker, and start and end
times of the speech were recorded. The verbatim tran-
scripts reflected the sctual occurrence of speaker turns,
and were subsequently unitized for coding purposes.
Four independent coders trained to reliability {Cohen’s
kappa > .75) on the use of 14 speech codes {Bales,
1950; Foushee and Manos, 1981) and coded the
communications for speech category and mitiation-
response information using the transcripts and video
tapes (Figure 2).

For the purposes of analyzing the initiation-
response patterns, the above codes were collapsed into
4 initiztion and 3 response categories. Initiations
consisted of cammands, observatians, questions, and
dysfluencies; and responses consisted of replics,
acknowiedgments and no responses. Initiations and
responses were meapped into 2 4 by 3 matrix for cach
of 2 directions of speech: captain as initiator, first
officer as responder; and first officer as initiator, cap-
tain a5 responder. The following example is 2 matrix
of captains’ initiations and first officers’ responses
{Figure 3).

Depeadent Measures

Because of the difference in flight time mentioned
earlier, 2 dependent measures that provide qualita-
tively different information were used: time-adjusted
frequency and proportion of total communication.
Time-2djusted frequency {TAF) adjusts the total
number of speech acts in each category by flight time
or opportunity to speak. TAF’s control for flight time
differsnces and give & density of communication ta
enable communications per minute comparisons. A
second dependent variable, propertion of total com-
munication {PTC), controls for differences in fotal
communication and measures the distribution of
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@
2 come ATL  Attanta, GA
2. Cruise to CAE A Marta 0A
3. indlial approach to CAE LT Chariotio. NG
4. Approach/Missed approach
5 Cruise to Altemad
8. Landing

FIGURE 1: Automation Simulation Scenario

» Command . Ascosiedgment
+ Suggestion L

s Observation » Response Uncertainty
» Question + Tension Releass

» Statemert of intert . Repeat

« Agreement . t

® Disagfeemem . Dysﬁ' hed:encyis

FIGURE 2: Speech Categories
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CA > FO Reply Atk Na Sesp. Rowd

Commasd 571 521 481 24%

Qbservation 1573 963 1816 63%

Questioa 488 22 20 8.5%

Dysdfiuescy 115 21 191 4.5%
L’

Columm % 40% 23% 3% €922

FIGURE 3: Example Initiation-Response Matrix

Flight Time: CrewA: 60 minutes Crew B: 60 minutes
Commands Observations Questions Total

CrewA: 20 50 30 100

Crew B: | _11)_ 130 56 200

Commands: Calculating ime-adjusted frequency and proporticns.

Time-adjusted fraquency Proportion of total communication
Crew A 33 20
Crew B: 33 A0

FIGURE 4: Time-adjusted Frequency and Propostion of Tetal Communication
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communication relative to onc’s own speech. TAF's
answer questions regarding frequency, whife PTC’s
address questions about patterns and distribution. The
example in Figure 4 clarifies this distinction.

In this example each crew made 20 commands;
consequently, a comparison of raw frequencies would
show no difference across crews. Now consider the 2
dependent measures described above. Since there is
no difference in flight time, the time-adjusted frequen-
ctes produce essentially the same comparison as the
raw frequencies. Crew A has the same time-adjusted
frequency 2s Crew B (.33 vs. .33) even though over-
all Crew B has wwice as many communications as
Crew A. However, for the proportion of total
communication. Crew A has a higher proportion of
commands than Crew B {20 vs. .10). Therefore,
although the 2 crews have the same frequency of
commands, the 2 crews ditter in their distcibution of
commands relative to their total communications.

Two methods of data analysis were used to explore
these data. The first was log-linear analysis which isa
method for comparing 2-way MAMNICes aCrOSS Crews
and has been used successfully in past aviation re-
search {Kanki, Lozito, and Foushee, 1989). Jowever.
due to the large variability within each aircraf type,
relatively few patterns emerged that distinguished
between the 2 aircraft. A second approach analyzed
group differences using 8 mixed-facterial ANOVA
with Speaker (CA, FO), by Airereft (DC-9, MD-88).and
by Phase (normal, abnormal) for each communication
category. Speaker was nested within aircraft sc that
speaker comparisons were only conducted within each
aircraft. Phase was the repeated variable. Since we
were mainly interested in differences between
MD-88 snd DC-9 aircraft, the results focus on air-
craft differences and how they were affected by phase
and speaker.

Overall Amalyses. In general, captains tatked more
than first officers and there was more conununication
during the abnormal phase than the normal phase.
The distribution of communications in the 2 afrcraft
differed ir the following categories- commands and
replies. Overall, DC.9 crews had a higher proportion
of commands than MD-88 crews. The aircrat by phase
interaction for commands was significant, with DC-9
crews having a higher proportion of cornmands than
MD-88 crews only during the abaormal phase. The
sircraft by phase interaction was significant for re-
plies with MD-88 crews having a higher proportion
of replies than DC-9 crews oaly in the normal phase.
The time-adjusted frequency data showed thint MD-88
crews communicated more than DC-9 crews. Main
effects for aircraft show that MD-28 crews asked more
questions, made more observations, and gave more

replies.

Question study. The differences between MID-88
and DC-9 crews in time-adjusted frequencies were
found in observations, questions and replies. These 3
categories seem to be information-providing catego-
ries as opposad to action categories, whish suggest
that information-transfer processes are different
in the 2 aircrafi. In an effort to better understand these
differences, questions were selected for further
analysis. Questions are an ideal approach tothe study
of information-transfer because of their direct nature.
A guestion is an intentional disclosure of an informa-
tion deficit, while an answer is 2 public means of
providing the information requested. One thousand
one hundred and scventy 3 questions from the original
data set were coded at 3 levels: fimction (informa-
tion-seeking. verification); topic (navigation, book,
system, other), and answer (yes/no, informatior, no
answer). The design was again ¢ 2-speaker {rested
within aircraft) by 2-aircraft by 2-phasc (repeated
measure) mixed-factorial ANOVA.

The main findings for this study were higher
time-adjusted frequencies for MD-88 crews in the
information-seeking, navigation, system, information
answer, znd no answer categorics. A sigaificant air-
craft by phase interaction showed that MD-88 crews
had a higher time-adjusted frequency than DC-9 crews
only during the abnormal phase for navigation and no
answer. Information flow was not more interrupted in
one aircraft type as compared to the other. In general,
questions were answered in the next speaker turn more
thar; 96% of the time for crews in both airerafl.

Integrating Nonverbal Communication

Jobe (1994) amalyzed verbal communtication and
discrete system and aavigation control actions durmg
2 [0-minute high-workioad flight segment to in-
vestigate how worklond management and pilot roles
vary as a function of automation. integrating verbal
communication and actions provides 2 different
perspectives of what is occurring on the flight deck.
The frequency of verbal communication for cach
aircraft did not significantly differ during this flight
segment. For control actions, the aircrafl by speaker
by behavior ANOVA was significant. Simple effects
analyses revealed that DC-2 crews exhibited more
system control actions than MD-88 crews and
MI>-88 crews exhibited more navigation contro!
actions than DC-9 crews. Pilot roles also differed
across aircraft. DC-9 capiains exhibited more system
control actions than first officers, white MD-88
captains and first officers had approximately the
same amount cf system actions. However, for navi-
gation DC-9 first officers had more navigation
control actions than DC-2 captins and again MD-88
captains and first officers had s relatively equal dis-
tribution of navigation control actions. Jobe concluded
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that DC-9 crews’ roles seem to be consistent with tra-
ditiona! flight deck structure with the captain flving
and the first officer navigating. MD-88 crews seem
to redistribute these behaviors or compensate espe-
cially during high workload.

Tradeoflfs

We would like to discuss some methodological
issues we came across through the course of data
collection and analysis. The 5 areas we would like to
focus on are: simulation scenario, transcription, cod-
ing, selection of dependent variables, and analvses.

Simuiation Scenaric: Expzrimental Control vs.
Generzlizatility. In an experimental setting, there is
always the tradeoff between experimentat control and
the generslizability of findings. With this simulation,
we were able to gain experimental control, yet main-
tain a realistic environment. The high fidelity, full-
motion simulator aliowed us 1o offer a very realistic
flight scenario to the pilots and effectively reproduce
the scenario for all 22 crews. The scenario and air
maffic control (ATC) transmissions were also
scripted in order to maintain mere experimental
coxtrol.

The very nature of simulation, however, limits
generalizability. We are restricted to | scenario, a small
number of subjects (22 crews), 2 single airline and, in
this case, 2 aircraft types. It may be difficult to gener-
alize findings beyond the scope of these con-
straints and will require replication in another
simulation or field study before recommendations can
be made.

Transcription: Time Speat vs. Level of Detail,
One of the first decisions that needs to be made in-
volves whether to transcribe the videos, and if so, at
what leve) of detail. Variabies that contribute to the

net cost of the transcription process included amount
of tape to be transcribed, number of speakers and their
rate of speaking, transcriber expertise, leve! of detail
of the transcript, and the rescarcher’s goals.

The average duration of a flight from push-back to
touchdown was roughly 80 minutes: 50 minutes inthe
normal phase and 30 minutes in the abnormal phase.
The length of time it took to transcribe 1 minute of
tape during the norma! phase was about 15 minutes.
This time increased to 30 minuies for 2% ery minuote of
tape during the abnormaj phase when the pilots were
speaking more rapidly and the ATC trensmissions
were more frequent.

We have considered having people with flight
experience transcribe the tapes. Of course, the
accuracy of the transcripts would have been increased
somewhat, and might have takea less time to com-
plete, but the cost would have been prohibitive. The
“transcriptionisms™ Jelow are examples of errors we
might have avoided by having “experts” do the tran-
scribing. These errors were infrequent, and easily
repaired. Since the task of transcribing is quite
tedicus, and it may not have kept the attention of
an expert through the duration of the process, we
chose to have the tapes transcribed by graduate
research essistants.

Increasing the level of detail in the transcripts re-
quires an additional commitment of time znd money.
In past simulations, the level of transcription detail
has varied. Scme transcriptions omitted start and end
times of the speakers’ speech, ATC transmissions or
narmal checklist procedures. This level of detail was
not deemed necessary for the analyses at the time, but
later, researchers with different questions had to go
back through the tapes to transcribe the missing por-
tions. Decisions such as these play & large part in the

AS TRANSCRIBED
No bumpars here
9-16 on the barrel altimeter

Of! pressurs iow light eliminated

Salance c7oss besms ciosed
Crossed-eye locket

Wore gonnz g2t our brakes

You want to depress to 160

Airspsed bumips

Aphids

AS SPOKEN

New numbers here

$-16 on tha baro altimater

Ol pressure low light ilfluminated
Ealance cross-feeds closed
Cross-tie lock out

We're going i3 center tank

Yeou want to request 189
Airspeed bugs

TS

FIGURE 5: Transcriptionisms
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tradeoiTs between immediate resezrch goals and
futare research possibilities. Often times, researchers
make choices with only immediate research goals in
mind rather than working to establish a thorough
archivat database suitable for a variety of future
investigations.

Coding: Reliability ve. Interpremability. There
are tradeoffs for achieving acceptable levels of reli-
ability depending on the number of codes and the
coding method employed (i.c., individual coders,
pairs of coders or team coding). In this study, we
used 4 independent coders trained to reiiability
{Cohen's kappa > .75) on the 14 codes. Though some
coding categories were easicr to code reliably in a
short period of time, training for all 14 catepories tock
about 9 months. Though the training could have beea
completed more quickly by using consensus coding
or fewer individual coders. the training of the 4 in-
dividuals belped to establish some validity of the
coding scheme. After 9 months of training, the
result is a set of coding rules that facilitare the
interpretation of the data.

It is also more difficult to achieve acceptable
levels of reliability for higher-level conceptual codes
that require more judgment on the part of the coder,
such as management or problem-solving codes. In
thece cases, coders and researchers often invent quick-
fix rules that bolster reliability at a possible cost to
interpreiability. Another means of achieving
reliabilities more quickly is to reduce the number
of categones in the coding scheme. This can be done
by collapsing similar categories into broader cat-
egorics. In most cases this approach saves time, but
interpreting group differences in ‘catch-all’ catego-
ries can be quite difficult.

8 Variables: Sampled Data v=. Total
Data. Very large communication data sets can be
rather unwicldy, so researchers may sample the data.
Two approaches to da!a-sampimg in simulation
research are time-bound and event-bound. The time-
bound approach uscs set time segments for coding
communications (e.g. the 10 minutes after takeoff).
This method saves coding an transcription time, but
may limit the number of independent variables that
can be investigated. However, this approach does not
guarantee that the same events will occur for each crew
during that tine. If certain events in the simulation
are imporiant to answer the research guestions, then
the event-bound approach is preferable.

Each of these methods impacts one’s choice of
dependent variables. A researcher may choose to ad-
just the raw frequencies for time, total number of
speech acts, or analyzc the data sequentially. Time-
bound data control for differences in tolal time, so
raw frequency of speech may be used as a dependent
variable. Event-bound sampling often produces dif-
ferences in totai time, so the data must be adjusted for
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time. An altemative to time-adjustment is proportion
of total speech. This dependent variable reflects the
rejative distribution of speech in each category and
controls for differences in total speech. A final
approach to the analysis of sampled data is to use se-
quentizl information. Thesz sequences can inchude first
order: speech categary; second order: initiation-rosponse
sequenes, or higher order.

Analyses: Mearingfal Data vs, Statistical Power.
The final tradeofT is between meaningful data and
statistical power. This tradeofY affects what type of
data a researcher collects and the analyses that can be
conducted.

A researcher’s investigative epproach determines
what js meaningful data. Using our data sct as an
example, a communication resesrcher who adopts a
theoretical approach mey use 2il 10,000 individual
speech acts as the data set in order to investigate gen-
eral issues in commaunication. Conversely, the human
factors researcher who adopts an operational approach
may usc the sample of 22 crews 1o investigaie issues
at the group level, such as pilot role, aircraft type or
worklocad.

Once 8 determrination is made as to the appropriate
ievel of data analysis, problems may arise due 0 a
small pumber of cases or data points. Some data sets.
such as reporis from the MNational Transportation
Safety Board and Aviation Safety Reporting System,
provide highly relevant information regarding aspects
of crew coordination and communication, but these
data are limited to 2 handful of instances and yield
data for which only descriptive statistics are ap-
propriate. With simulation data the number of
communications for each subject is much larger. thus
allowing for a variety of statistical analyses.

Even with large data s2ts, smali represesnitation in
categorics of mierest ¢2n prove to be challenging. Two
issue arise here: first, what is the minimum frequency
required for a catagory to be statistically analyzable?
Second, how does one compensate for the fact that a
small frequency category may be very important, but
hard to analyze using traditional statistical methods?
One solution is to collapse sinail categaries with other
similar categonies for the purpose of analvsis.

CONCLUSION

This paper has presented a few of the tradeoffs we
have encountered in our research process. Some
tradeofis address general methodological issues that
are applicabie in many research settings, while others
eniguely impact the aviation simulation environment.
Tradeofls occur at all levels of the research process
from data collection and coding to statistical analvsis.
Ultimately, the researcher’s goais determine most of
what can be done with s data set and cvery deci-
sion along the way can impact future usability of the
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data set. By discussing an approach, the decisions that
led to that approach, and the lessons iearned, wehave
attempted to provide a vantage point for meth-
odology comparison and discussion.
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SPEECH IN THE CONTEXT OF NONVERBAL ACTIVITY
Leon Segalf
Western Aerospace Ladorafories, fnc.

INTRODUCTION

And row for something completely different....
Here I am in & speech communication conference talk-
ing about nonverbal communication; so where's the
connection? What I attempt to do in my work is take
a more “holistic™ view of the process of commu-
nicction, Inok at ol the ~ laments that 2or Shue io i,
and try to arrive at a greater understanding of crew
communication and coordination from a somewhat dif-
ferent perspective.

Anybody who has tried to build a natura} language
parser—o7 some kind of “artificial intelligence”
program that can generate and comprehend
speech—well, you know how incredibly complicated
this task can be. And the question is, rather than look
a1, say, where speech fails, ket us approach this issue
from the other side: why does comnumication work?
How do we manage to actually make this extremely
complex exchange of symbolic sounds called “spesch
communication™ work?

I’d like to start out by feiling vou a joke. In fact, I
will tell you the speech elements which are integral—
and essential—for the joke. The context is an airline
cockpit. Captain ssys: “Sorry to interrupt you, folks,
but we’ve just had a report of some turbulence ahead,
so please stay in your seats a little while. Readv?...
One, two, three! Well folks, guess we’re through the
worst of it and... Oh! Wait.. Looks like we’re coming
in 10 some mode turbulence!..”

So, did you “get” the joke? Well, the point is, this
joke relies on the inferoction between words and ac-
tivity to be funny. In faci, most cartoon husor indeed
relies on the visugl—the noa-verbal—to create a
humorous situation. If you were to see this cartoon,
you'd get a different perspective on what is taking
place. Essentially, after the captain warns the
passeagers of the turbulence, he looks over at the
copilot, says: “Ready?... One, two three!” to him, then
they both proceed to move the controls of the plane to
create the effect of turbulence. Now, in the context of
these activities, the monverbals have provided us with
the ingredients essentia! to make sense of the situa-
tion, and, in this ¢ase, 1o understand the humor
behind it.

So what I'm really looking at is 2 particular subset
of situations in which humans communicate in the
context of actions; how I sec the main issue can best
be described in a Venn diagram {below).

Imagine two pilots operating an aircraft: cach
pilot interacts individually with the aircraft, via his
or her own switches, coatrols, displays, and so on. At
the same time, they also have certain situations where
they interact with each other, exchanges of informa-
tion which are almost independent of the machine. |
am focusing my study on the place where they all over-
lap. If T were to replace my researcher’s hat with my
designer’s hat, I would ask: “How will next year’s
cockpit better support the coordination between
opetators in that cockpit™

FIGURE 1: Crew-Mechine Interaction:
Communiczation in the Context of Action
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To take a broad view of this, I borrow a definition
of “information” from Gregory Bateson, who says that:
“Information is any difference that makes a differ-
ence.” The question 1o be asked then is: “What
differsnces make a difference within the context of
flying an aircraft? That information is what is shered
between all crew members, and that is uitimately how
they conduct their coordination, including the subset
of information-exchange called spsech communi-
cation. My position is that the reason speech
communication works as well as it does is the
richness and Tobust nature of information provided
by the entire context.

Now, comnmunication mast be studied withir a
context—ithis is really the key, because information
is alwzys interpreted within a particuiar context. In
the desert a tree is a landmark, in the forest it is not.
It’s a matter of context. When you’re trying w find
your way around the desert, you see that | tree out
there, then se¢ 1t on your map—3hat's i, vou know
exactly where vou are. In the forest you may keep
bumping into trees, and none of them tells you where
vou are. Similarly, the smell of firc means something
different to frefighters. Again. it’s a matter of con-
text: if you're standing in the middie of 2 buming
building, the smell of fire doesn’t reaily inform you
of much. If vou’re flving at night at 30,000 fest and
you sell something burning. .. Well. youcan see how
there’s a totaliy different meaning there.

Imagine you’re driving a car—perhaps you're the
person next to the driver, and you're navigating
through a new city. There are different sources of
information which you both share. In Figure 2, |
describe aii the different sources and categories of in-
formation that are present. [ have divided the table

into columns representing sources of information. and
rows representing the different sensory modalities
involved in perceiving that particular information.Let
me walk you through the table. In the leff-most col-
umn, I describe one source of information—:the
environment within which the ¢ar travels. This is one
source of information to which both the driver and
the navigstor have access. Going down the Tows we
can look 2t the different categories of environmental
information perceived by driver and passenger. There
is visual information, such as signs, traffic, other cars.
etc. There is auditory information, sach as the belis 2
a railroad crossing or the siren of an ambulance. There
is some kines:hetic infc—mation, such as the spead
bumps before you get to a critical intersection, or
feeling the slope of the toad.

Finally. there are things you can smell: for example,
there could be a brush fire near the rosd, so if you're
driving through the smoke and your sense of smell
says: “{ire.” since you ve seen the source of the smell.
there probably is no reason for alanm. You can see how
there is an intsraction between the different catego-
ries of information: seeing smoke resuited in a par-
ticalar interpretation of the smeil of fire. These lists
are obviously not exhaustive; you can fill each celi
with whatever other exampies you Like.

The second column deals with another source of
information—the car itself. The fact that we're both
driving m this particular srtifact gives us some infor-
mation. Obviously, the car has displays and switches
which were designed to give you informgtion when-
ever you look at them. Beyond the dedicated displavs,
you can see if the heater is on or off just by looking at
the switch and observing it’s position. There's ailso
auditory information: you can hear the engine when

Environment Car Driver
Visuzl Signs Displays Poiating
Traffic Switches R.V. mirror
Auditory RR Xing Ergine Speech
Sirens Blinkars Para-Ling,
Kinesthetic Speed bumps Accelerations Tap shoulder
Slopes Switches Cerrect input
Olfactory Fire Fire Alechol
Orange blossoms Oil leaks

FIGURE 2: What Makes Communication so Robust?
information Redundancy
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it revs up as it strains to go uphill; you can hear when
the person has put their blinker on to um right or left.
What sbout kinesthetic information? Obviously you
feel the accelerations. As drivers. you know how far
to push a switch or to hit the small controi becsuse
vou do get some kinesthetic feecback that informs you
of the proper position. You can smell importent events:
vou can smell an electrical fire in the car, or you can
check what type of oil leak you might have by distin-
guishing between the smeli of hydraulic and engine
oils.

Finally, there’s a third source of information—the
other person in the car, and that’s where | come back
to the issue of crew communication. As was the case
in an sircraft cockpit, here, too, are 2 people interact-
ing in a particular context; in the third column is the
breakdown of svailable information; the different
modalities that are involved in the exchange of infor-
mation between these pecpic. If you are sitting in the
passcager scat and you see the driver look 3 or 4 times
n rapid succession in the rear view mimor, it’s cither
a police car or somebody who is perhaps driving too
close. In this respect, seeing activity provides impor-
tant information. Reaching for switches, pointing at
fandmarks along the road. straining to see a street
sign~—all of these activities, when observed, provide
valuable, task-relevant information. From an auditory
perspective, we can assume that driver and passenger
are talking Vo 2ach other, but et us noy forget to
inciude ail the paralinguistics, including such things
as: “mm,” “ub,” intonations, hesitations, and so on.

There are slso kinesthetic cuss: people tapping each
cther on the shoulder to call attention to something,
or guiding & band towards a particular switch. This
happens more when you're teaching somebody to
drive, but [ know that in aviation it happees a lot whea
1 student reaches for the wrong switch, 2nd you see
him or her going for the wrong thing, you just reach
over and touch their hand and say, “No, that’s not the
right one.” Finally, even smell plays a role. very
often ¢ritical:  you step into the car and you smell
alcoho! on your driver’s bresth.... You should
definitely do something about that.

So what we have, just puiting afl of that together, is
a whole eavironment-—a particular task contexi—of
redundant information within which speech, the au-
ditory thing shared by the driver, is oniy one as-
pect. All of the information in this table serves for the
interpretation of speech, and, obviousiy, speech can
serve for the interpretation of other events. The inter-
action of these things is what I look at in the work {
do. The rest of this talk wili describe a particular study
{ carried out at NASA Ames Resesrch Center; 2simu-
lator experiment which focused on the interac-
tion between speech commaunication and activity
information in an aircraft cockpit.
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Speech in the Context of Nomverbal Activity
EXPERIMENTAL DESIGN

Now, 1 won’t go into great details desciibing the
experimenizl side. I have scvera! papers that those of
you who are inferested are welcome to read {see pub-
fication list at the end of this peper). In general, this
was a simulstor study that was carried out 28 NASA
Ames Research Center, in what's called the Advanced
Concept Flight Simulator. What's important for the
context of this particular talk is the sxperimental
manipulation, which was the particular design of
the interface of the checklist. As you know, most
of what is performed in the cockpit is based on proce-
dures that are detailed in a checkliist; pilots must fol-
low the checklist when they perform both normal 2nd
emergency procedures. The particular manper of in-
teraction with any given checklist—the design of the
interface betwezen pilot and checklist—was the
independent variable manipulated in this experiment.
We had 2 primary types of checklist interface: the
classical, hand-held, paper checkiist, and 2 mod-
em type of mierface, in which the checklist was dis-
played on a touch sensitive CRT screen. A secoadary
distinction was made between 2 different types of
touch sensitive screens: 2 manuai and an sutomated
version. In the manusi condition, the interface required
that the pilot perform every item on the checklist. In
the automated condition, pilots shared the task with
the system; the system performed some itemns, and the
pilots performed others.

This is how the experimental procedure flowed: 24
pilots were put in & bigh-fidelity simulator and flown
around in a very realistic scenario. All were
experienced pelots, from the same airline; they wers
paired-cffto form 12 crews. Thecmsmméomh
assigned to 1 of the 3 conditions, thus creating 3 four-
ctew expenimental groups: a paper checklist con-
ditior:, 2 manual touch sensitive screcn condition—in
which they had to do every item—and an automated
touch sensitive screen condition, in which they did
some jtems and the machine, or the system, did some
items for them. Figure 3 is designed to summarize the
experimental design in a2 simple. “user-friendly,”
manner.

Now, before I go into the findings, let me describe
the data we collected (this can be seen in Figure 4).
We had 3 video cameras looking at the crews, mcord-
ing all flights. One camera captured a wide view of
both pilots, whiic the other 2 were directed and fo-
cused, respectively, 2t each of the 2 pilots. All the
recorded video tapes were transcribed for both verbal
and nor-verbal activity. Additionally, we had an ex-
perienced flight instructor “fly™ with ail crews as an
observer. Following cach flight. the observer rated the
crew’s performance across varicus pre-defined per-
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FIGURE 3: Experimentai Design

Spasch Acts {SA) that rely on actions to epecity
the reforar of words such 8s: “this,” “that,” or "3."

Ambiguoue RA /Teicl 04

FIGURE &: Ambiguous Speech Relying on Action Reference
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formance categories and scales. As 1 go through the
data, ! will go into greater detail regarding what spe-
cifically was measured in every instance.

RESULTS

As part of the analysis, | first looked through the
verbal transcripts for instances in which the words
alore did not provide enough information which the
Tistener could use to make sense of the utterance. In
essence, I jooked for utterances in which the words
suggested that some form of non-verbal gesture or
activity was being used to clerify utterances that were
too ambiguous to stand on their own. For example, 5
speech act such as: “Watch out for this™ may rely on
the spezker’s pointing to a particular dial m order to
specify the referent for the word “this.” Some other
examples are: “Are you doing that?” or “What do
you think of &7 These types of speech acts cannot
be accurately interpreted unless one looks at the video
and finds the activity that provided the key bit of
information that gave thet utterance operational mean-
ing. What you see in Figure 4 is that the pilot flying
the aircrafi (PF) uses ambiguous statements in refer-
ence to objects outside the window more often than
the pilot who is not flving (PNF). If you think of it,
this makes sense. The 1ask of flying the aircraft has
the PF iooking out of the window most of the time
{this segment of the flight weas performed in visual
flight conditions), hence, he is usually the one to refer
to objects in the environment. So when he says: “]
hope we clear that mountain range,” the PNF looks
across the cockpit 10 see the pilot-flying's direction
of gaze, thereby leaming the particular range to which
the speaker is referring.

Similarly, you can see that the PNF utters more
ambiguous speech acts referring 1o ttems inside the
cockpit. The reason for this is, } believe, that the PNF
is so busy interacting with cockpit systems that for
him or her, it is easier to just say: “This is wrong.”
than to explicitly specify a particulsr display or van-
able. For both pilots, the context of activity provides
opportunities for communication using information
that is inherent in their environment and actions.

Now, the guestion was, having found these resuits
in the cockpit vaice transcripts, will an analysis of
nonverbal cockpit activity yield results that concur
with tnese findings? In other words, do pilots actu-
ally use the shared context and capitalize on that par-
ticular form of visual information flow? To begin with,
1 decided to compare the rate of speeck:, as weli as the
rate of observed non-verbal activily, across ali three
groups (Figure 5). Overall, just looking at the effects
of interface design on rate of speech, it seems that 2l
3 groups were virtually identical in the number of
speech acts exchanged per minute. If you look at non-
verbal activity, however, the rate of aciivity in the

35

Speech in the Context of Nomverbal Activity

touch sensitive screen cockpit was significantly higher.
This finding, in and of itself, does make sense. If you
compare pilots sitting there going through a regular,
hand-held, checklist with pilots who have to interact
with a touch sensitive screen for each item they per-
form—in fact. not only perform the item but also to
acknowiedge to the system that the item has been per-
formed—obwviously, the latter group would be more
active.

If you lock at interactions with the checklist, and
break them down to the activity performed by indi-
vidual crewmembers (Figure §), obviously, the PNF
would be seen as more active than the PF. Note the
clear difference between the paper group and the 2
touch-sensitive groups. Since the PFs in all 3 condi-
tions were doing the same task—by virtue of the flight
controls being identical in all conditions—one finds
no difference between the 3 groups as far as these
pilots are concerned.

Given that PNFs are visibly busier in the touch
sensitive screen cockpits, is that increased activity
used by their PFs to get added information? in that
sense, do pilots monitor esch other as they interact
with the system? 1 looked at the total time that pilots
Jjust turned around to look at the other pilot’s display,
and then calculated the percent of that time that they
turned while the other persor was activating that screen
{Figure 7). The PNFs, if you recail, were the ones who
were the busiest interacting with the system. Accord-
ingly, they slmost never Yooked across the cockpit to
sec what the PF was doing, because there was no in-
formation there. There is not much to learn from look-
ing over at a pilot who sits there with hands on stick
and throttie. In contrast. the PFs were busy flying the
planc, but they also had this extremely active PNF
doing all these things on the checklist, and thus for
them, it was very informative to turn and look at those
actions. You can see that in the paper condition, there
wasn’t much to see, again, because the interface
didn’t afford too many visual clues. But with the touch
sensitive interface, you see that over half of the time
that the PFs tumed to look at their crewmember was
while that person was actually manipulating the
checklist display.

I also used Penny Sanderson’s MacSHAPA—
which is a wonderful program-—to look at the
temporal connection between one pilot’s activity and
the other pilot™s looking across the cockpit. My ques-
tions was: “How probable is it that when one pilot
reaches for the display, the other pilot will tum around
and ook at that display?” Figure 8 describes this data,
with expected probabilities on the horizonta] axis, and
the observed probabilities—based on the video
transcripts—on the vertical axis. Note that it was sig-
nificantly more probable than chance that a pilot will
turn to look across the cockpit immediately following
the other pilot’s reaching for the checklist display.
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We're actually seeing here an elicitation of a
monitoring response by reaching for 2 partizuiar dis-
play. So it seems pilois do indeed rely on visual
information, turning to look at it whenever it is
made avzilable.

Finally, I'd tike to briefly discuss performance. We
had an in-flight observer sit and rate the crews for
several different aspects of performance. These were
what I call really “soft” categories of performance:
communication, management style, coordination, and
an overall score which attempted to capture whether
the observer thought they were & good or a bad crew.
What’s interesting is that on these categories of com-
munication, managemert stvle, and coordination, there
were differences between the crews (Figure 9). This
suggests that the style of communication was differ-
ent to such an extent that the in-flight observer was
sensitive to it, and thus produced data that suggests a
systematic difference between the different conditions.
The difference here between the automatic touch sen-
sitive scresn and the paper is significant; the manual
group did not differ significantly from either one of
the other 2.

CONCLUSIONS

So where do these findings fead us? [ have an
illustration that may help me clarify my perspective
(Figure 10). As designers, we are at the point where
we can design cockpits, for example, like the system
on the left; whichever switch 1 reach for, you asa co-
pilot can see pracisely what 1 do. I don’t have 1o teil
you “T'm reaching for the switch that controls the up
and down bar.” because you can see it. If I fly with
my hand on the stick and 1 have those variables con-
trolied by my thumb—as is the case in the design on
the right hand side—it's almost impossible to know
what I'm controiling until the {eedback has come beck
from the system to teli you that a change in the
display may be a result of sornething I had just done.
So 2s professionals who define and design the next
generation of cockpits, we really want to decide what
aspect of a task we want people to share, and perhaps,
since some activity may be unnecessarily distracting,
we need to decide what aspects of the task we do not
want them to share. In thet sense, we want to design
critical information into the system, and also make
sure we design redundant things out of the system.

To summarize, 1’d like to call your attention to &
figure I introduced earlier (Figure 1). The pilots are
there in order to interact with this machire, control-
ling it according to their goals and the information
and constraints provided by the environment within
which that machine flies. There is a whole context, an
environment of information, with signals and
messages going back and forth between pilots and the
eavironment, between pilots and the aircraft, and be-
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twaern e pilots themselves. When we Jook at speech
communication, we are looking at a flow of informa-
tion of a particular kind—a ficw that takes place within
the context of action and perception. Ofien in the cock-
pit, actions do speak louder than words. To better un-
derstand speech communication, we need to include
in our scope other elements that affect the overall pro-
cess of crew communication and coordination.
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INDEXICAL AND LINGUISTIC ATTRIBUTES IN SPEECH PERCEPTION:
A REVIEW OF SOME RECENT FINDINGS
Ann R Bradlow, Lynne C. Nygaard & David B. Pisoni
Speech Research Laboratory
fndiana University

INTRODUCTION

We begin this report with an introduction to the
and research topics that are currently
under way in the Indiana University Speech Research
Laboratory. Afier the introduction, we turn to a dis-
cussion of some recent work on the perceptual
learning of voices, and on the relationship between
voice attributes and speech intelligibility. This work
addresses the following questions: What is it that you
learn about & speaker’s voice when you become
familiar with that speaker’s voice? What is it that you
have acquired, or \earned, 2bout an individual's voice
whken you pick up the telephone and recognize the
person at the other end of the phone? In the third part
of this report, we will present some analyses of a large
database of recorded sentences. Our interest in this
study is the factors that influence speech intelligibil-
ity. In this study, we ask questions such as the fol-
lowing: What makes one talker more iniziligible than
another? And, what makes one sentence easier torec-
ognize than another? Finalty, we end with somegen-
eral concluding remarks about scurces of variability
in speech perception and production.

We are currently working on several projects in
the Indiana University Speech Researchk Laboratory.
One of the major interests of our research deals with
spoken word recognition and the mental lexicon,
which we think of as the iaterface between the sen-
sory input and comprehension. We're particularly
interested in issues that have to do with variability in
speech and bow it influences word recognition and
speech peroeption. We’ve also become interested in
issues about perceptual learning and adaptation,
particularly adaptation to voices, to changes in speak-
ing rate, and 1o other aspects of individual talkers that
modify the way they talk. Finally, we have an
ongoing interest in developing new techniques for
studying online, or real-time, comprehension of spo-
ken language. Thus, the general kinds of problems
that we're interested in deal with the nature of
lexical knowledge, and the neural representation of
speech in memory.

In general, we are concerned with the physical
properties of spoken language, which can be ap-
proached by studving speech in 3 interlocking
domains. The first of these domains is the articulatory

aspect of speech, that is. the ways in which people
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physically produce speech. Studies of articulation
generally use various kinds of physiological measure-
ment techniques. The second domain of speech is the
acoustic domain, that is, the domair of the acoustic
consequences of speech articulation. These studies
generally involve acoustical measurements of the
speech signal. Thirdly, one cannot study speech
without also studying its consequences in the percep-
tual domain. These second and third domains, the
perceptual and acoustic domains, have been the focus
of our main research interests.

Finally, in this introduction. we give an overview
of the general theoretical framework within which we
conduct speech research in our laboratory. Most of
what we know about speech and language has been
approached from an abstractionist, or symbolic, on-
eatation, which has been motivated primarily by the
transformational approach to linguistics. This forma!l
approach to language views much of the personal, or
“indexical”, propertics of speech as irrelevant to the
neura} processing of speech signals by the auditory
svstern. Examples of these “indexical” characteristics
are gender, dialect, speaking rate, physiczl states,
emotional states, age, weight, and social status. Morris
Halle (1985) voices this position in the following
quotation:

When we leam a new word, we practically
never remember most of the salient acoustic
properties that must have been present in the
signal that struck our ears. For example, we
do not remember the voice quality of the per-
son who taught us the word or the rate at
which the word was pronounced. not only
vowce quality, speed of utterance and other
properties directly linked to the unique cir-
cumstances swrounding every utterance are
discarded in the course of leaming 2 new
word.

In contrast to this approach, we believe that these
talker- and instance-specific characteristics are all in-
timately intertwined in the acoustic signal, and that
they are involved irn the perceptual amalysis,
encoding and storage in memory of the speech sig.
nal. The studics we present below provide support for
this position.
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Perceptual Learning of Voices

in this section, . prescat a summary of recent
perceptual experiments that address the issue of how
listeners contend with variability in the speech
gignal, ia particuler, variahility due to talker charac-
teristics. The traditional approach has been to think
of this as a “normalization process,” that is, as a pro-
cess that involves a “stripping away™ of the acoustic
variability in the signal to arrive at a set of canonical,
idealized, symbolic finguistic units. This approach to
speech assumes that the variation due to talker
characteristics is discarded in developing a represen-
tation. of the speech sigpal. In contrast, our approach
views this acoustic varigbility as an important source
of information for the listener that is not lost. but rather
incorporated in & long-term representation of the
talker’s utterance.

An explicit description of this dichotomy was
intreduced by Laver (1589) and Laver and Trudgill
(1979) who contrasted “linguistic” and “indexical”
factors. The “linguistic™ factors of an utterance are
characterized by the formal, symbolic units that are
hypothesized by the listener. This linguistic content
of an uherance SCIves 8 communicative purpose in
that it conveys the message intended by the sender to
make the receiver aware of something. The “indexi-
cal” factors of an utierance convey infonmation such
as the identity and attitudinal state of the speaker.
These factors serve to convey information about the
speaker regardless of the intentions of the sender.

Our goal in these perceprual studies was to
investigate the relationship between the processing
of talker information and the processing of the lin-
guistic content of a speaker’s utterance. In particular.
we wanted to know whether familiarity with the
talker’s voice would affect the processing of words
spoken by that talker. Using isolated words spoken
by 10 talkers. we trained listeners to recogmze the
talkers’ voices (see Nvgaard et al., 1994). It took about
9 days to get 2 group of subjects up to acriterion level
of 70 perzent correct talker identification. At the end
of the training period, we investigated the perception
of spoken words by asking the listeners to recognize
the words rather than identify the voice characteris-
tics of the talkers. We hypothesized that familarity
with Une taike?r s voice would 3ffect subsegquent word
recognition, and in so doing, would provide evidence
for a direct link in processing betwern encoading of
talker informration and spoken word recognition. Note
that in this experiment we had 2 conditions. Subjects
in the first condition were trained 10 wentify a set of
voices and then performed the word identification task
with the same set of voices (the now familiar voices).
Subitas e seeond condition wete trained © Wen-
tifv a set of voices and then tested in the word
identification task with a set of unfamiliar, or novel

voices. To assess the effect of 1alker famitianr'y on
word recognition, we COmpared inc perjoimencs on
the word identification task across the 2 groups.

Before we discuss the results of this experiment,
we need o review in more detail the specifics of the
experimental procedure. During the 9-day tr2ining
period, listeners were irained to recognize each talker’s
voics and 0 associae At voice with 1 of 10 com-
mon names. There were 3 phases to this training
period. First, the subjects just listened to the voices
and tried to remember the names of the talkers. Naxt,
the subjects performed a voice recognition task with
fecdback. Finallv. in the third phase of the training
period, subjects performed the voice recognition task
without feedback. On the tenth day of the experiment,
subjects were given a generalization test. This test
assessed whether the knowledge the subjects had ob-
tained from the talker’s voice during training was
specific to the words used in training. Thus, the simuh
for this test of gensralization were novel words (ie.
words not used in the training period) produced by
the saic 10 talkers used in training. and subjects were
asked to identify the talkers’ voices. Subjects received
no feedback in this test. After the test of generaliza-
tion, subjects performed the word intelligibility test.
This final test was the crucial test for determining
whether the ability to identifying the voice transfers
to a completely different type of task, that is, to
identifying the linguistic content of what the talker
was saving. This word intelligibility test presented the
listeners with novel words; and, they were asked to
identify: the word rather than the voice. The words
werd presented ai 4 different signal-to-nois¢ ratios.

Figure 1 shows the time course of the subjects’
performance from the star? of the training period to
the test of generzlizstion. Data from the 2 groups of
subjects stc shown separately. Both groups were
trained on the same set of voices. The “traned™ group
was then tested on the familiar voices in the word
inteNigibility test; whereas, the “contrel” group
performed the word intelligibility test on a different
set of unfamiliar voices.

As shown in Figure 1, this is a very difficult task
for listeners. Assuming that listeners a~ zhie o dis-
tinguish speakers on the basis of gender right away,
the chance level of performance for the 16 talkers is
20 percent. Thus, at the start of training, subje ts are
a little above chance. Both groups then learned to iden-
tify the voices at about the same rate over the 9 days,
and they then generalized quite well to rovel words
produced by the same talkers. The data shown in this
figure are oniy for those subjects who reached a set
performance criterion of 70 percent correct on the
ninth day of maining. Our reasoning behind setung,
this criterion was thas we couldn’t assess the subjects’
transfer from the voice identification task to the word



Indexical and Linguistic Attributes in Speech Pevception:

Explicit Voice Recognitien

00
80 s
E 6]
o
Q
 «
5 —O— Tralzed
~fr=- Contrel
1
0

L} L4 L3 1 L § L L] ¥ [

2 3 4 5 6 7 8 % Gen
Days of Training

St

FIGURE !: Training on Explicit Voice Recognition

Intelligibility of Words in Noise

Trained
O Cootrol |

Percent Correct

Signal-to-Noise Ratic

FIGURE 2: Transfer of Training on Voice Recognition to Word Identification in Noisc

63



Mechods & Aetrics of Voice Commumications

intelligibility task if they hadn't actuaily lcarned the
voices. Thus, the data shown in Figure ! are caly from
the subjects that reached this level of voice identifi-
cation. These were approximately half of the original
set of subjects.

Figure 2 shows the data for the word intelligibility
test, in which subjects were asked to transcribe 2 set
of novel words. In this task they were required to at-
tend to the linguistic content of the word, rather than
to the voice of the talker saying the word. The figure
shows the accuracy data at each of the 4 signal-
to-noise ratios for both the “Trained™ and the
“Control™ subject groups.

At cach signal-to-noise ratio, we found that the
group of “Trained™ subjects (those who identified
words spoken by familiar voices), performed better in
this transfer task than the group of “Control” subjects
(those who identified words spoken by unfamil-
iar voices). This result demonstrates thai people are
better able to identify words that are produced
by taikers that are familiar to them, and this suggests
that voice recognition and the processing of the pho-
netic content of a linguistic utterance are not indepen-
dent. The implication of this result is that experience
with specific acoustic attributes of a talker’s voice sig-
nificantly improves spoken word recognition.

Given these resalts, we now ask what kind of knowl-
edge is acquired when listeners are learning to recog-
nize voices? In response to this question, we put
forv-ard three proposals. (There are, of course, sev-
eral others that might merit consideration.) First, we
consider the possibility that in learning to rec-
ognize voices, listeners are acquiring a form of pro-
cedural knowledge (Kofers. 1976: Kolers & Roediger.
1984). Within a framework thai assumes a normaliza-
tion process to handle talker-specific variation, this
proposal suggests that listeners learn (and retain in
memory) the normalization process that is applied to
ataiker's voice. Listeners leamn to “unravel” the talker-
specific information from the linguistically meaning-
ful information, and this learning of specific
perceptual operations that compensate Sor talker-
specific variation facilitates further processing. A
seconrd proposa! is that the listeners learn specific sets
of features or ateributes of the talker’s voice and that
these attributes are encoded in memory. Characteris-
tics such as fundamental frequency, relative formant
spacing, and glottal attributes may be stored in a
memory representation for a tatker’s voice and used
as a reference or template for subsequent phonetic
processing. Finally, a third proposal is that listeners
learn something more abstract. Listeners mayv become
sensitive to information in the acoustic signal about
specific dynamic properties of the taiker’s vocal tract
as an acoustic source (Remez et al., 1981).

The results of this exporiniont 8is0 lave some
important implications for current theories of speech
perception and spoken word recognition. First, these
results suggest that representations of spoken words
in memory may be much more detailed than previ-
ously thought. Second, any proposed mechanism of
perceptual compensation in speech must be
susceptible 16 general processes of percepiual leam-
ing and attention. Finally, explanations of speech
perception and spoken word recognition may need to
include the role of long-term memory for source
characteristics.

in a follow-up set of experiments that are currently
under way in our lab. we are investigating the
specific type of training that leads to the talker-
familiarity advantage that we obtained in the ex-
periment rernorted here. We are interested in seeingif
it is mere exposure to a talker’s voice that facilitates
word identification, or if listeners must explicitly
attend to voice attributes during leaming to facilitate
linguistic processirng. We are using a word
identification training task that can then be compared
to the voice keaming training task.

Instance-specific correlates of speech intelli-
gibility

In this section, we present a study that is currently
under way to determine some of the instance-specific
corretates of speech intelligibility. We are working
with a multi-talker sentence database that includes re-
cordings of 100 Harvard sentences produced by 20
talkers (10 males and 10 females), giving a total of
2000 recorded sentences. The sentences all consist of
1 main clause with 5 keywords and a variable number
of “filler” words in between these 5 keywords. Along
witl: this production data, the database includes intel-
ligibility scores for each tatker’s production of each
sentence. This intelligibility data was collected by
having 10 listeners transcribe each tafker’s produc-
tion of each of the 100 sentences. Thus, we had 10
listeners per talker, giving a total of 200 listeners. The
transcription data was scored using a criterion that
counted a sentence as correctly transcribed, if and only
if, each of the 5 key words was correctly transcribed.
All other scntences were counted as incorrect. This
data provided us with a means of exploring some of
the sources of variability in sentence and talker
intelligibility.

Figure 3 shows the variability in sentence
intelligibility across the 100 sentences. The sentence
inteiligibility scores shown in this figure are averaged
across atl 20 talkers and al! 10 listeners per talker. It
is ciear from this plot that there is considerable
variability in overzil sentence intelligibility.
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The question we posed here is: What makes one
sentence more intelligible than another? In order to
address this question, our strategy was to compare a
set of high-intelligibility sentences with a set of low-
inteiligibility sentences. The high-intelligibility
sentenices were all of the sentences that had overall
intelligibility scores above 95 percent (above the
upper line in Figure 3), and the low-intelligibility
sentences were ail of the sentences that had overall
mtelligibility scores below 75 percent (below the fower
line in Figure 3). This gave & set of 14 high-intelligi-
bility sentences and a set of 9 low-intelligibility sen-
tences that we could compare in terms ef sentence
length and various other lexical characteristics of the
component keywords.

The first result of this comparison is that on
average the high-intzlligibility sentences have fewer
werds than the low intelligibibity sentences {(7.21 ver-
sus §.22 words per sentence). Since the scoring
criterion is based on the correct transcription of the
keywords, this result implies that keywords that are
embedded in longer sentences are more susceptible to
transcription error than keywords that are embedded
in shorter sentenices. A second difference between the
words in the high-intelligibility sentences and the
words in the low-intelligibility sentences is the
number of “function™ versus “content” words as sen-
tence keywords. A function word is a closed-class
word that is morphologically simplex, such as
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pronouns. prepositions, and articles; content words
are open-class words that car be morphologically com-
plex. such as nouns, verbs and adjectives. In our
multi-talker sentence database, we found that the high-
intelligibility sentences have more function words as
keywords than the low-inteliigibility seatences (21%
versus 11%). A consequence of this difference in the
lexical status of the kevwords across the 2 sets of sen-
tences is that the key-words in the high-intelligibility
sentences have a higher mean frequency (1063.73
versus 152.31 occurrences per mitlior words of printed
text) and are shorter (3.6 versus 4.1 phonemes per
word) than the keywords in the low-intelligibility
sentences. (Function words are generally more
frequent in the language and shorter in length than
content words.) So far, we ve seen that both sentence
length and the type of words that comprise the
sentence may contribute to making it a high- or a
low-inteliigibility sentence.

Another sentence-related attribute that we looked
at in the comparison between the high- and low-
intelligibility sentences has to do with the “neighbor-
hood™ characteristics of the words. As shown in the
schematic in Figure 4, the “similarity neighborhood”
of a word is defined as the set of words that differ
from the target word by a 1 phoneme deletion.
substitnution. or insertion. For example, the word “can™
has as neighbers “ban” (by a 1 phoneme substitution).
“an” (by a 1 phoneme deletion), and “scan” (by a !
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nerne addition}. In other words, the similarity
reighborhood of a word is the set of words that are
phoneticaily similar to the target word. In Figure 4,
the circles show the bounds of the similarity neigh-
borhoods of 2 target words (represented by the thick
bars). The vertical axis in this figure represents word
frequency. In the case of the “easy” words, the simi-
larity neighborhoods are sparsely populated (there are
few phonetically similar words), and the frequency of
the target word is considerably higher than the fre.
quency of its neighbors, In other words, “easy” words
“stick out™ and are “prominent” in the neighbor-
hood. In contrast, “difficuit” words have many reigh-
bors - they come from a densely popuiated
neighborhood - and the target word frequency is
considerably lower than the mean frequency of its
neighbors. This “hard” word is “swamped” by its
neighbors.,

Previous work has shown that these neighborhood
characteristics affect recognition of isolated words
{e.g. Luce, Pisoni, and Goldirger, 1990). Thus, we
wondered whether these characteristics of words
embedded in sentences would effect the overall sen-
tence intelligibility. In fact, in our multi-talker
sentence datnbasce we fourd that the mean difference
between keyword frequency and neighborhood
frequency is greater for the words in the high-
intelligibility sentences than for those in the low-
intelligibility sentences (Figure ). In terms of density,
the neighborhoods for the words in the 2 sets of
sentences are about the same. Thus, the words in the
low-intelligibility sentences are “harder™ than those
in the high-intelligibility sentences.

Indexical and Linguistic Auributes in Speeck Perception.

We now turn to a discussion of the variability in
talker inteliigibility. Recal! that in this database we
bad 20 talkers (10 males and 10 females) produce the
same set of 100 sentences. Figure 6 shows the overali
intelligibility tor each talker averaged scross all 100
sentences and all 10 listeners per talker. As shown in
this figure, there is considerable variation in overall
intelligibility across talkers; some talkers are gener-
ally more intelligible thar others. Our question here
is, “What are some of the characteristics of these
talkers that make one talker more inteiligible than an-
other? The talker characteristics that we compared
across talkers in our database are gender. overall
speech rate, and some details of phonctic timing.

We begin by investigating gender-relaied
differences in talker intelligibility. The motivation for
looking at gender as 2 talker characteristic that may
play arole in overail intelligibility comes from a clzim
in the ixterature that femnale speakers exhibit fewer pho-
nological reduction than male speakers
{Byrd, 1992). The prevalence of reduction phenom-
ena, such as increased speaking rate, unreleased final
stops, alveolar stop flapping, and unstressed vowel
reduction, is generally associated with & less formal,
conversational, even “sloppy™ style of speech. Thus,
we wondered whether in our database we could find
a gender-related difference in inteiligibility which
might be related 0 gender-based difference in the
peevalence of reducticn phenomena. In fact, we found
that our femzle talkers generally had higher intelligi-
bility scores than the males (89.4% versus 86.3%,
p(18)=0.02). Furthermore, ail 3 of the highest intell-
gibility tzlkers were female, 2nd all 3 of the lowest
intelligibility talkers were male.

Intelligibility score
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In order to investigate the link between the
pravalence of reduction phenomena and talker intel-
ligibility, we began by asking whether overalil
speaking rate correlates with tatker intelligibility. In
our database, we found that the mean sentence
duration for the 3 high-inteliigibility talkers is indeed
greater than the mean sentence duration for the 3
low-intelligibility talkess. In other words, we found
that the best and the worst talkers differ in overali
speaking rate. However, we also found that the 10
males had longer sentence durations than the 10
females in spite of the fact that the females generally
had higher intelligibiiity scores than the males.
Furthermore, across all 20 talkers, there was no
correlation between overall speaking rate and
intelligibility. Thus, it appears that differences in
overall speaking rate do not correlate very well with
differences in overall intelligibility. We do find that
at the edges of the distribution of intelligibility scores,
overall speaking rate is a differentiating factor (the
talkers with the highest intelligibility scores do have
slower overall speaking rates than the taikers with the
lowest intelligibility scores). However, if we consider
the full set of 20 talkers, the rate-intelligibility cor-
relation does not hold. This result led us to begin
investigating some of the finer details of phonetic
timing in the speech signal o see if temporal factors
at 2 more detziled leve! might correlate with overall
talker intelligibility.

In order to investigate the fine-grained details of
phonetic timing, our approech was to investigate cases
of consistent listener error. For example, a common
listener error in the phrase “the walied town™ involved
simply failing to detect the medial /@' Many lListen-
ers trenscribed this phrase as “the wall town.” Our
question here is, “What factors in the talker’s pro-
ductions of this phrase determine /d’ detection™ In
order to address this question, we measured vari-
ous portions of the time dimension for the period of
the signal that covers the /dt/ sequence in this phrase.
This period extends from the onset of the closure for
the /d/ to the offset of the aspirstion for the syliabie
mitial //. In almost all cases, the talkers produced
stop with a /d/-like closure and a /t-like release, rather
than reieasing the /d/ before forming a second
closure for the A/,

We begin by looking atthe correlation between the
total durstion of this vowel-to-vowel period {the /dv/
sequence) and the rate of /d/ detection by the listeners
for each talker. This cormrelation is positive {Spearman
tho = 0.702). In crder 10 investigate what part of this /
dt/ sequence correlates best with /& detection, we
examined the /d/ closure and /V/ release portions sepa-
rately. The analysis showed that it is the /d’ closure
portion that correlates with the rate of /d/ detection
{Spearman tho = 0.768 versus 0.211 for the 1t/ release
portion). Finally, in order to see what part of the /d&/
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closure correlates with rate of /d/ detection, we exam-
ined the voiced and silent portions of ihe closure sepa-
rately. Here we found that it is the absolute duration
of the voicing during closure that correjates with the
rate of /d/ detection for each talker (Spearman rho =
0.744 for the voiced portion versus 0.225 for the si-
lent portion). We also examined the correlation be-
tween rate of /¢/ detection and the voiced closure
duration relative 1o the total closure duration, relative
to the entire /du' durstion, and relative 10 the dura-
vions of the preceding and following syllables.
However. none of these proportional measures
correlated with rate of /4! datection. Thus, the Yonger
the veiced closure in an absolute sense, the more itkely
it is that listeners will detect the voiced consonant in
the /¢t sequence. This case presents an examgpic of
variation across talkers at the level of phonctic
implementation that has an important effect on the
talker’s mtelligibility.

Another case that we looked at in this manner was
for the phrase “the play seems” which was often tran-
scribed as “the place seems.” In this case. the emror
was in determining the syllable afhiliation of the /s’
We messured the duration of the /s’ and correlated
this duration with the rate of comect /s’ syvllabifica-
tion. The resuits showed that the absolute duration of
the /s’ had a small negative comrelation with the rate
of comrect syilabification (-0.2534); however, this cor-
relation strengtbened when the /3/ duration was tsken
as z proportion of the preceding word duration
(-0.653). Thus, it appears that the longer the /s’
relative 10 the duration of “'play,” the more likely nis
1o be incorrectly syliabified as both the final
consonant of the preceding word and the initial con-
senant of the following word, giving “place scems™
rather than “play seems.” In this case. the taltker needs
to be very precise in the timing relation for the
listener to correctly interpret the signal. Additionatly,
in this case the more carefully anticulated form is the
shorter form, thus providing & possibie explanation
for the poor correlation between slower overall
speaking rate and higher intelligibility scores.
Furthermore, in this case we found that the female
taliers were generally more accurate in executing this
timing relation than the male speskers. and
consequently there were fewer transcription erroes for
the females than for the males.

The general finding of this explorstory study
suggests that lisieners are indeed sensitive 10 the fine-
grained datails of an utterance to the extent that they
affect overall intelligibility. Both sentence- and talker-
related characteristics are detected by the listener and
mteract with the processes of speech perception o
affect speech intelligibility, rather than being
separated from the signal at an early stage of phonetic
processing.



CONCLUSION

in these concluding remarks we’d like to stress the
approach that we have taken in our laboratory with
regard to the role of vartability in spesch perception.
it is probably fair to say that the attiude of many
speech scientists since the beginning of modem speech
research after World War K, was that acoustic vari-
ability in the sigaal is not informative to the listener.
Typicaily, variability has been thought of as
something that needs to be eliminated by the processes
of speech perception. Thus, many of the now classic
experiments in speech perception were designed with
stimuli from a single talker who read a list of words in
citation form in a benign recording environment. The
results of such studies were therefore very diffi-
cult to genreralize to real world environments where
listessers are operating in very robust conditions. Simi-
iarly, the reliance on highly simplified, ideatized, syn-
thetic stimuli has given us a very misleading
understanding of the way human listeners operate in
highly variable environments. In fact, svnthetic stimuli
are very impoverished signals, and humar listeners
have evolved over the ages to deal with very robust
and highly redundant signals. In contrast to this tra-
ditional approach, we believe that variability is
informative and is an aspeci of the signal that is not
only not eliminated by the listener, but is actually
eacoded as part of the neural representation of speech.
The studies that we reported here demonstrate that
this information is encoded and used by listeners in s
variety of behavioral tasks. Furthermore, this work
presents examples of studies that were designed within
2 non-symbelic, aon-abstractiorist theoretical
framework that focuses specifically on how human
nsteners cope with vansbility in tic perceptual envi-
ronment. Kather than designing experiments which
eliminate varighility, as dane in the past, our approach
to resecarch has been to design experiments which
specifically incorporate a very substantial amount of
variability. In some related clinical work that we are
currently pursuing at the Indiana University Medical
Center in Indianapoiis, we are developing a new
battery of tests for hearing impaired listeners which
we call PRT tests (perceptually robust tests). The idea
here is to study clinical populations with tests that sre
designed 1o umitate real-world conditions where there
is an enormous amount of variability due o factors
such 25 speaking rate, ambient noise, and differemt
voices (Kirk et 2., in press).

The work we described in this paper provides
support for 2 new approach to perception and cogni-
tion, which is associated with Larry Jacoby and Lee
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Brooks and a number of other theorists. This non-
analytic approach to cognition is based on the idea
that we store very fine details in memory and that we
use specific instances rather than engaging in
processes of abstraction. As suggested by the data
presented above, we believe that much of the pho-
netic and highly variable acoustic-phonetic detail that
is present in the speech signal is, in fact, encoded in
memory and used in the process of speech perception
znd spoken langusge processing. We beheve these
findings on the role of variability in speech
perception have a number of important implications
for research, theory and ¢linical applications.
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SPEECH RECOGNITION IN THE TOWER CABS
AND WHAT ALLOWS IT TO WORK
Mariin Thee
Air Traffic Conirol System Support Branch
FAA Academy
Federal Aviation Administration

THE SYSTEM

When the tower cab simulators were first instatied
at the Mike Monrcney Acercnautical Center, the
confidence level of the instructors was tentative at
best. Instructors who expected excelleat recognition
results expericnced a few problems, the majonity of
which were blamed on the voice recognition system.
Most trouble calls that we received indicated that a
particular student (and in some cases the entire lab)
was getting 0% recognition. A statement of the prob-
lem was generally followed by the question: “Whar is
wrong with rthe system?” We suggested that the
instructor adjust the mike for the student {or a new
noise calibration for the entire lab) and that frequently
took care of the problem.

THE USER

After several months of successful resolution of
trouble calls, instructor attitudes began to change. The
calls were coming in less frequentiy and the question
changed to “Could vou come and watch this student
and sec what is carsing mis-recognition?”

What changed their attitade

As instructors became aware of potential voice
recognition problems and how to avoid them, their
students consistently got good recognition. Logically,
since instructors were able to get good recognition
consistently (without ever re-training words) students
should be able to get good recognition also. [nstruc.
tors realized that poor recognition could be corrected
with minor adjustments or some words of advice 16
the student.

PREVENTING RECOGNITION
ERRORS

Prep before Enroliment

Before the enroliment process begins all students
are given a 30-minuse briefing on how the enroilment
process works. Each student reads off some example
digit scripts, and some exampie enrcliment seripts and
phrase scripts.

Digit Training

Students read 2 or 3 digit strings with an experi-
enced instructor who tistens for correct pace, volume
and authonity, before keying the mike and beginning
digit training. Students are watched (i.¢., listened to)
closcly during the digit training phase. If the student
is having any problems during this phase (i.e, it is
taking more than 10 minutes), the student is re-started
at the beginning of digit training. For example:

“ONE TWO FOUR THREE FIVE”.."NINE

SIX EIGHT ZERO SEVEN™

Carrier Word Earoiiment

Students are instructed to speak each carrier word
phrase as if it werc a complete sentence. Instructors
stress that the student should not pause between words,
the words should flow smoothly.

Earoliment Process

Students are stiil being watched closely during the
first few minutes of the Enrollment process. Srudenss
are reminded that if they pause between words. or
“bournce” the words they may have to repeat the en-
tire 2-hour enrolitrain process.

Phrase Training

Phrase training {(also known as “in context™
training is the final stage of the training process. By
the time the students enter phrase training they are on
their own. In the bricfing they are told to speak each
phrase as if they were in a control tower and direcring
aircraft motion (a¢ opposed to requesting aircraft
motion).

Mike Check

When anvone sits down to use voice recognition
they must perform a Mike Check. During a mike check,
the mike is turmned on, the volume on the headset is on
ali the way, the student places a hand in front of his/
her mouth in front of the mouth piece and blows at
hisher hand. If the student hears the wind hitting the
mike, the mike is adjusted so that the wind misses the
mike. Then he'she does it again.
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Some “ex * contratlers are resistant to this,
szying, “I"ve been controlling traffic for 20 odd years,
&nd no blankety-blank kid is going to 1eil me the proper
use of 2 microphone.”

TYPICAL ERRORS AND THEIR
SOLUTIONS

Mis-recognition of the Call Sign, Correct
Recogeition of the Commaad

This is a common error with people who have not
used a radio very often. The student is usually keying
the mike late. Using the foot Push To Talk {(PTT)
switch can help reduce this error, or telling the stu-
dent to wait a heart beat after keving the mike before

speaking will generally solve the problem.

The Last Word Speken is eot Recognized

This is referred io as “clipping”. It occurs when
PTT usage is the culprit and generally, the student
unkevs before finishing the transmission. Have the
student keep the PTT down for a heartbeat after fin-
ishing the transmission.

Good Recoganitioa becomes Bad Recoguiticn
after 2 Weeks iz the Cab

This is usually the resuit of training templates at a
slow reading pace. The student may need to train new
templatas at s faster rate of speech.

d
[ ]

Bad Recognition for the First Severa! Com-
msads while in the Cab.

This can be a poise calibration problem. Noise
calibration problems come in 2 types: 1) The student’s
breath hits the mike during the noise calibration. To
climinate the problem, emphasize to the student the
importance of silence and stillness during calibration;
and 2) The student’s breath is hitting the mike during
transmissions. Simply reposition the student’s mike
$0 that “P’s” and “T"s” do not send puffs of air onto
the mike. Did you do a AZKE CHECK ?

Inconsistent Recognition Results

The student gets 2 lot of commands recognized
correctly, but misses a large percentage of commands.
This is usually caused by & student being comfortabic
with some phraseclogy, but not others, Typically what
is happening is the student is stuttering or pausing and
re-starting in mid transmission, getting a “lazy mouth,”
pausing with sound, or is using incorrect
phraseology.

This can also be caused by & student who generaliy
speaks fast but slows way down when he is not sure
what to say or pamics under stress. The ITT izer
can understand speech spoken at half the speed, or
twice the spead at which it was trained.



COMMUNICATION RESEARCH BENEFITS TO THE ACCIDENT INVESTIGATOR
Stepher. Véronneau, MD
Federcl Aviation Administration
Civil Aeromedical Institute

ACCIDENT INVESTIGATION

When walking at an accident scene, it is quite
common for investigators to climb to as many
vantage points as possible to survey the site. Often, it
can be difficult for them to conceptualize the totality
of what had transpired in those few moments imme-
diately preceding and during the crash. The halimark
of an excelient accident investigation is the pursuit of
truth and the ability to seek information from novel
sources to assist in the fact finding and determination
of the sequence of events. This retrospective
gathering of information is painstakingly checked and
rechecked for accurecy and consistency. Slowly an
understanding is built of mishaps. This reconstruc-
tion has often been likened to a detective story
(Barley, 1970).

Objective accident investigation requires
meticulous aftention to detail and the avoidance of
premature analysis particularly in fatal accidents where
crew members’ testimony cannot be obtained. Teamn
members must always remember that the perishable
nature of the evidence and the technical challenges
of the reconstruction demand a dogged persistence
of fact gathering even in situations which at first seem
very distant to the cause of the mishap.

Inconsistencies and probiems with reconciliation
of disparate facts is not an unwelcome occurrence in
accident investigation and can serve as a breakthrough
in the case. In any given accident the source of perti-
nent facts can be quite unexpected. Occasionally the
source will be met with skepticism by persons who
belisve that there are traditions to be followed and
that form must precede function. Any source of
information should be pursued to &t least capture in-
formation which might onty later be understood in its
relation to causation. Generaliy, accident research has
been hindered by inadequate access to the facts,
circumstances, and unsummarized details of the
mishaps. In the aviation environment access has been
exemplary, due perhaps to the keen scrutiny all
aircraft accidents receive,

THE DIFFICULTIES

One of the interesting operational {imitations of
communications in the aviation environment is that
pilots, air traffic controllers, and dispatchers cannos
us¢ the ron-verba! body language cues as ¢xtra lin-
guistic sources of information when communicating
with one another. Some say that these cues may

comprise some 60% of the information content in
humsn communications. The inability to see each
other has been partiy offset by the use of standard pro-
cedures and phraseology; but. it is very common for
misunderstandings to occur. Recent studies of
altitude deviations reported in the NASA Aviation
Safety Reposting Systern (ASRS) report that 80% of
such deviations 2rise from communications dif-
ficulties.

To the investigator of aviation sccidents and
incidents, the potential source of information from
the varicus communication modes cannot be over-
iooked. Persons with operational experience evaluate
the recorded communications as a measure of pilot
performance against the standards and procedures of
training and policy. Psychologists evaluate the emo-
tive content and physicians may be interested in the
communications as a record of possible impairment
or incapacitation. Still, 1t is often necessary to enlist
the interpretation of persons familiar with the crew,
such as co-workers, close friends, or family members
to assist the investigators in interpreting the nuances
of the recorded communications post accident. When
surviving crewmembers are available, it is in-
teresting that they are able to provide comments and
corrections to the official interpretation of the
cockpii v2ice recorder. To thisend there is 2 need to
develop metrics of the various communication modes
to assist in quantifving and understanding componcnis
of voice communication whick, although asudible,
rémain as subjective impressions.

To assist in the measuremer' of voice commaunica-
tions, the effects of the aviation eavironment upon
voice quality need 0 be studied. The effects of
medications, ambient ternperature, hypoxia, decreased
air density, fatigue, vibration (particulariy rotorcraft)
in addition to the stress arising from the situation or
emergency would be of great help to mishap investi-
gators. Voice siress analysis, as employed by the
NTSB, has proved useful in accident investigations
in several transporiation modes. Voice stress
analysis, in conjunction with information gathered by
traditiona! accident methods, was very helpful in a
general aviation accident where 2 heart attack in-flight
precipitated the crash.

SOME REMEDIES

Recent accidents have demonstrated that the com-
plexity of modern atrcraft can lead to verv difficult or
uasclved investigations. This is particularly true when
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cerizin key data cannot be reconstructed or differing
accident scenarics cannot be resolved. There have been
proposals which suggest that the capability of cockpit
voice recorders mey be enhanced by improving the
fidelity and tength of the sound recording. Often when
the area microphone is the main source of input for
the recording. there are many more ambiguities than
when boom microphones are used. Boom microphones
record close to each person’s mouth and all voice com-
munications are recorded on a discrete channel. These
cases would benefit from increased gathering of in-
formation by expanded digital data flight recorders.

It also has been proposed to place a video camera
with a wide view of the cockpit to gather essential
non-verbal information in the event of a mishap. Quick
access recorders and flight data recorders are routinely
accessed after each flight to evaluate operations and
improve safety, without penalizing aircrew members,
by sone airfines in other countries. New miethods of
handling air traffic control radar data have been de-
veloped to provide greater insight into the view of the
incident, accident or deviation from the ATC perspec-
tive. Synchronous replay of the ATC radar display
data with air to ground voice recordings would also
be beneficial to the investigation team.

In addition to the move 10 acquire greater amounts
and types of flight information, we also should push
for enhanced methods of analyzing and discriminat-
ing the content of the various aviation communications
moedes to improve mishap investipation and flight
safety. At the symposium on the Methods and Metrics
of Voice Communication I presented the recent
history of chaotic systems research. Systems in which
smali differences in initial state lead to vastly differ-
ent outcomes, without displaying damping of the small
nitial differences. is a characteristic of chaotic
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systems. Chaotic systems research has demonstrated
some utility in ship capsize accidents by examining
dynamic stability versus static measures of stability,
heart rate variability and predictability post myocar-
dial infarction, and cardiac and brain wave pattern
analysis. Recent research into complex dynamic
systems has produced several innovative approaches
to analyzing systems with non-linear components.

Voice communication is a highly non-lincar
system which might benefit from an appiication of a
nop-linear systems theory. For example, chaos theory
might be applied to stugy previcusly unassailable prob-
lems and wavelet applications might replace traditional
Fourier transformation in speech research {(Kadambe
& Boudreaux-Bartels, 1992). A possible initial appli-
cation of chaos theory in aircraft accident research
would be to study passenger-passenger time differ-
ences in exiting aircraft. The traditional flow rates
through various exits, with and without decreased vis-
ibility and with varying seat pitches do not adequately
describe the flow characteristics of a group of dis-
crete individuals moving as a type of fluid out of vari-
ous sized and accessible apertures in the aircraft
to the outside.
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SUBJECTS CONCERNING AUBIO TAPE ANALYSIS

Larry Porter
Lawrence L. Porter Associales

INTRODUCTION

I’m an ex-air traffic controller. retired, and the
answer to the question [ invariably get asked, is No! ]
didn't get fired in the strike. | resigned in 1979. Strictly
a personal decision. As a gentleman said herc this
morning, | spent 4 years in the Air Defense Command
trying to run sirerafl topether, then 22 years in the
FAA trying to keep aircraft apart. So much good
groundwork has been iaid here already this moming,
I'H just jump right in here and try to keep this akmost
as short as Martin did. I'm going to taik about 2 things
primarily: 1) determining the methodology and 2) situ-
ational awareness. Sometimes these 2 things overlap
for me. Determining the methodalogies i be used on
& particular tape is something that ! have been doing
for the last 13 years, which involves enhancing audic
tapes by fiitering out noise and trving to enhance the
speech. The second area I am going to talk about is
situational awareness which includes such areas as the
Air Traffic Controi System, the military control room
envirojupent, and 911 calls received at police com-
munication centers. Basically, what it boils down to
is situational swareness from the standpoint of. Where
are all these voices coming from? What's the network
setup here? How can you keep from getting the voices
from all these sources intermixed and confused when
vou're doine your work? I have 2 exampies that [ feel
arc interesting, irovn my work in this area.

Determining the Methodology

The first one I'm going to show you doesn’t have
anything to do ‘per se” with speech, although it was a
voice tape. It was 3 172-inch multi-track tape that was
alleged to have been tampered with, and 1 was asked
to take a look at it. From Exhibit | you see what was
thought to be a spliced out section that was orly 2 1/4
seconds, but actually as you'Hl sec Jater, it was 13 sec-
onds. I physically examined the tape in person and
found a 1/2-inch reel 1o reel tape on a 10 1/72-reel that
had obviously been broken and spliced. It was a very
crude splice and had about an inch and a half of clear
tape wrapped arcund it, with the 2 ends butted up.
and esch end was folded over a little bit. Tt was pretty
obvious that the tape was spliced. After looking at the
tape, | noticed some interesting things about it, so [
made a re-recording of the muki-track tape and, while
I'was a1 it, the digital time code channclon the tape. If
you are not familiar with the sound of digital time
code, #t's kind of 2 low rhythmic thumping sound on
one of the channeis of the multi-track. It actually has
its own rhyythm that you can hear, S0 | recorded the
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voice content of the speech on the left channel, and
or: the right channel I recorded the digital time code. |
took it to my friend, Dr. Alan Reich, and he ran a
spectrogram on it for me (Exhibit 1).

The area in question is the ar=a of the splice that
vou can very lightly see where the leading edge of the
tape passed the head, and where the tiailing edge
passed the head. {n the lower left, vou can see wherc a
word ends abruptly. In the same area, afier the splice,
we have the end of another word that doesn’t tic in. or
make any sense. So it looked as though we were deal-
ing with a 2 1/4.second segment of what was
obviously 2 gap in the tape. To verify this, | went
over 1o the engineering lab and on a computer there
created the picture in Exhibit 2. This picture is justa
strapie wave form which verifies that there was & gap
in the tape. Then I used another program that would
help me determine almost exactly what the length of
that gap was which is displayed in Exhibit 3.

You can see the 22,375 points difference between
the 2 cursor points which at 10,000 points per second
give | about 2.24 seconds. Then, since 1 could hear
the time codes so distinctly, | thought why can’t you
get a picture of these things? So, § wrote the manufac-
turer, and got a printout of the format of how the time
code was coastructed, which included how the puise
groups were constructed. With this information, I was
able to amplify the time codc data into a full wave
rectification to increase its strength and then put it
through a low pass filter (bandpass of 30 Hz} so that
the format wouid rcsembie the one that the manu.
facturer had furnished. The resulting pictures are
Exhibits 4 and 4a.

Each one of these spikes is 1/10th of a second in
duration. Using the “P Zero™ and “P Reference™ points,
and the fact that the standing wave is at least 2 to pos-
sibly 3 times greater than the width of the /10 of 8
second spikes, one can measure the elapsed time. Each
standing wave that is wider here has & numericat value
which allows one to determine hours, minutes, and
seconds. In this case it"s really only minutes and
seconds. Exhibit 4z shows oac that represents hours.
In Exhibit 4, the waves that are assigned 10 seconds
and 20 seconds are what [ just called standing waves,
or standing spikes. By adding 10 and 20 we get 30
seconds. The same thing applies to the next pulse
group representing minutes. In this case, you can see
it's 2and 10, or 12 minutes. The samc thing applies to
the hours. So tw incident occurred, or rather the drop-
off of the time code occurred at approximately 9 hours,
12 minutes, and 40 seconds as one can sec in Exhibit
3. What ] had to do was look ahead of that time, and
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then look behind it also. That is how [ figured out
what was going on. Ali vou'il see are 1/10 of a second
spikes unti} we gst to the break point. Here we come
to a 9-hour, 12-minute, and 40-second period.

This is approximately where the tape splice was,
and}ﬁuwnwematﬂ\cnme code starts to decay there,
and so this is where it dropped off. From the wave
forms, and things before, we knew we had a 2 1/4-
second gap. Exhibit § shows where the time code came
back to full strength at 9 hours, 12 minutes, 56
seconds. So using the same method, we got to an-
other full pulse group at ¢ hours, 13 minutes, 00
seconds (Exhibdits 7 and 7a).

What was interesting about this was that it actually
showed that when the time code resumed there was
actually 12.56 seconds of tape missing. The multi-
track tape travels at 47 inches per second, so that
represents just under 6 inches of tape that was
missing. So, since we had the obvious splice, that was
one thing. I could not believe that at .47 inches per
second you could break that tape by playing it back
and forth, because it has a brake on the drum, so that
if the tape does break, the bar drops down, and it keeps
the end of the tape on the drive drum from slapping
around. What this shows is that the tape wasn’t bro-
ken just once, but twice. In my opinion, 6 inches of
audio tape were missing for whatever reason and the
persons mvolved admitted they broke the tape. 1 just
don't buy breaking the iape twice. This is just one
example of & type of methodology that 1 employ to
visuaily display the precise time at which an event
occurred which usually included tapes with audio.

Sitextional Awereaess

The second part of the talk addresses the issue of
situational a>vareness. For example, if an incideat
occurs in the Air Traffic Control System, it often in-
volves more than : working sector or control position
and sometimes more than one facility. If you make a
requiest for information on an accident, you usually
get only a tape of the last person that had contzct with
the aircrafl, and sometimes that’s not enough to go
on. This first example involves an incident at 2 major
airport with a pilot and several radar personnel: 2
radar controllers and a data confroller. I'll give you
just a short background. A light aircraft depasted a
satellite airport, headed westhound, and got about 28
miles west of the major airport (where the air traffic
services and facilities are located) where he encoun-
tered some fog. Basically, he got himself into
instrument conditions. The approach controller who
was providing radar vectors asked the pilot, “Do you
have visuai contact with the ground?” In listening to
the tape of that radar working position, it sounded like
the pilot said “affirmative,” but there was just enough
of 2 problem right in this area that t caused nx to
wonder. in addition to the radar controlier, there is a
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data controller who handies most of the coordination
and paper work. This person is there basicaily to
assist the radar controlier. in addition, both the data
position and radar position have a set of hotlines and
the data position also has a set of interphone lines right
in front of him. The interphone position has a flip-
flop toggle override switch so that he can plug into a
jack on the other side of the room and stil! be able to
monitor the same hotlines and radio channels as the
radar controller. There was also a third radar position
just to the right of the radar controller’s radar scope,
but it was not staffed at the time so the tape of that
station provided another tape of this communication.
I made a re-recording of the third radar position tape
and data position tape and compared those with the
tape that I'd been furnished. What it turned out to be
was that a tower controller at another airport initiated
a cail on the hotline (“Approach, Tower...”) right
after the radar controlier had asked this question of
the pilot: “Do you have visusl contact with the
ground™? Since the tower had initiated the call at the
precise time that the pilot started his response, the
radar controiler’s position recorded an “Ah” sound
right there (indicating the “A™ sound) which was pre-
sumably the pilot. At that same time the interphone
controller punched the hotline to intercept the call
essentially cutting that word off (which is represented
by “###™ in Exhibit 8) which created s disturbance
over that part of the pilot’s response. The interphone
hotline disconnects the radar controller so that he
doesn’t have that coming into his ear.

Playing back the third radar position, which has the
same radio frequencies recorded on its chanrel, one
can tell what was said. The radar controller said, “Do
you have visual contact with the ground?” and the pi-
lot definitely said, “Negative.” That makes a very big
difference. The pilot weat on to state that he was fiy-
ing straight and level, heading 280 deprees at 2,900
feetand a speed of 120. The only variable in this trans-
mission that I don't think we'll ever know is what the
controller heard because the controller subsequently
took no action to help the man. { guess that will never
be known.

The second example of situational awareness
issues involves & cockpit voice recording tape of a
DCY that crashed in Detroit dee to windsheer. Whas
was interesting about this, which is something that 1
encounter frequeatly, is that sounds or voices from
more than one source will suddenly mtermix together
to form something that you know you heard. ! was
asked by another consultant to take a look at this tape
and attempt to run some techniques on it. However,
the tspe that I received was recorded in mono. Origi-
nally, it would have been possible to record the
cockpit area mike ({CAM) on the ieft channel, and the
ATCT communications on the right channe]. However,
in this case, somewhere in the chain of recording, end
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1e~recording, someone hed re-recorded both channeis
oR a MoNG svsterm, and thereby cssentialiy blended
both channels together. By the time 1 got the tape, 1
couldn’t separate it, so I had to work around it. The
crew was runaing the aircraft with the speskers on
instead of wearing their headphones, and the speak-
ers were very ioud. There was a lot of thundersiorm
activity that night, and the Air Teaffic Controilers were
reaily up on a step. Their voices were coming in real
loud o the speakers, so 1 could actually hearthe ATC
communications betrer than { couid hear the 2 pilots.
The remark in Exhibit & “Down the gear,” is what
was on the transcript of the company tape that [ re-
ceived. I was able to remove or de-convolute most of
the distortion and sudden interference that was
saturating the cockpit area microphone. What actu-
ailv was s2’d during that time was, “Well, I'li be
damned.” That was said right pefore it dropped out
from under the piiot. These three words here (“Well,
I'll be ...”) were softer, then it kind of built up witha
{ot of emphasis on the word “damned,” but at the same
time the controller was initiating a call to a Frontier
214. So vou have the word “damned”™ a2nd the word
“Frontier,” and it comes out “down the gear™ because
the words smashed together, uut we were able to

separate them a little bit. The phrase didn’t make any
sense to me beczuse I'd heard the cail for gear down;
heard the response; heard the lever activated; and heard
the gear come down. That was my problem with that
phrsse, beczuse it didn't make any sense to me. [ didn’t
go into this project locking for something different. If
for some reason they had picked the gear back up, and
it wasn't down 2gain, that’s fine, but objectivity’s very
important in this area of work. So those are the types
of things in which i became involved. The majority
of my work is in law enforcement tapes and 911 1
also get work from people recording their husbands
and wives. I had a fellow that thought he’d caught his
wife cheating on him. I showed him that it was bleed
through from the back side of the tape because he
has a party line and that the voices he heard were ac-
mally 2 of his neighbors talking. I thought he was going
to be happy., but he was absolutely furious with me.
Oid visual representations of time code information,
such as the linograph, present nothing but a wave form.
The approach just shows you that the wave, or the
time code did exist, and then it didn’t exist, but that is
all it teils you. It doesn™t indicate to me exactly what
time it is. And [ think that’s irportant. That’s all | have.
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INTRODUCTION

This paper resulted from the May 1989 Agreement
on Cooperation in Trunsportation Science and Tech-
nology between the United States and the former
Soviet Union. As part of the original agreement, a
subgroup for Aircraft Accident Investigation was
formed. The National Tramsportation Safeiy Board
(NTSB) and the GOSAVIANADZOR of the Soviet
Union began cooperative technical exchanges of
specialists and material related to accident investige-
tion and prevention. Following the 1991 breakup of
the former Soviet Union, the cooperative exchanges
continued between the NTSB and the newly formed
Interstate Avistion Committes (MAK) that represents
the accident investigation authorities of the Common-
weaith of Independent States (CIS). This paper
resulted from a continuation of the cooperative work
of the Accident Investigstion Group.

There has been an exchange of papers and personai
visits related to areas of sciewtific cooperation, ex-
changes of the sort that were not possible during the
political climate that prevailed between our countries
iz most of the recent past.

in line with this effort, our agency provided
tnformation to our colleagues in the CIS concerning
speech anglysis work that was accompiished by our
stxff (Brenner, M.. & Cash. 1.R,, 1991; Brenner, M.,
Dohenty, ET., & Shipp, T., 1994). In returr, we
received s remarkable letter from Alfred Belan, M.D.,
chiefofthe acoustics laboratory of the Interstate Avia-
tion Commitice in Moscow. The [etter, written in
broken English, claimed an ambiti~is program of
speech analysis work of which we were completely
unaware. The letter indicated that Dr. Belan was
preparing a book in Russian describing observations
msde from the specch recordings of more than 300
airplane accidents. It should be noted that there are
perhaps 30 airplane acciden? voice tapes discussed in
Engiish-ianguage articles {Ruiz, R., Legros, C.. &
Guelil. A., 1990). The {etter, then. suggesiey a level of
experienc 2 that was an order of magnitude greater than
that of the entire scientific literature! Intrigued, we
mvited Belan to visit the United States for further
discussions.

In February 1984, Dr. Belan spent a one-week visit
a: the NTSBE headguarters in Washingron, D.C. In
addition to our staff, Barbarz Kanki of NASA-Ames
Research Center atiended the meetings. The meetings
consisted of both discussions and laboratory analvsis
of accident tapes.

Vos

Dr. Belan was a pleasant man in his late fifties,
highly educated, who spoke little English but displaved
a clever and charming sense of humor. Some of the
credibility assigned to the Russian research came from
the very favorzble impression made by Dr. Belan him-
self, especially given the inherent ianguage
difficultes.

Tre infonmation described in this paper is based
on our meetings with Dr. Belan. This represents our
best, albeit fimited, understanding at the time of the
Russian program.

Origin of the Russiar Speech Analysis Program

The Russian speech cffort hegan about 20 years
ago and was centered in the Institute of Aviation
Medicine. The work was inspired by the 1969 paper
of American -esearchers Williams & Stevens
(Williams, C.E., & Stevens, K.N., 1969). Early work
from the Russian program was publiished in English
(Simosov, PV., & Frolov, M.V, 1973; Simonov, PV .
& Frolov, M.V, 1977). However, aficr the [ate 1970s.
the work was no longer published ouviside Russia
and it apparently took on something of 2 sceret gqual-
ity. Speech analysis was used to evaluate cosmo-
nauts and pilots for fitness for duty in terms of botk
stress, fatigue. and other 2eromedical qualities.

The program used simulator research, in some cases
with test pilots as subjects, and alse studied pilots and
cosmonsauts during real life acrospace s'=:zlions. In
the case of fatigue, for z.ample, subjocts performed
n researcn projects for periods of 72 hours without
sleep. Fatigue studies were made of cosmonauts in
extended duty situations. In addition to research. sys-
tematic examination was masde of aviation accident
tapes from both military and civilian accidents.

Measures Used ir the Russian Research

Dr. Belan referred to nuimerous speech measures
used in Russian research. Although some were new
to us, many were familiar from English language Iit-
erature. What was striking sbout the Russian approach
was its broadness, combining acoustic, phonetic. and
communication information in a way tha: seemed
original. What was aiso striking was the seriousness
with which the measures were appiied and the level
of experience shown with the measures.

The Russian ¢ffort groups speech measures into 4
categories, which are evaluated for each spzech
sample. The categorics are:
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1} acoustic meavwres. These inchude fundamental
frequency; fundamental frequency range; am-
plitude: and relative energy distributions
amonyg the formants. The last measure was of
special interest, following from early work
published by Russian researchers (Simonov
& Frolov, 1973, 1677). At least some of these
measuresare extracted by automaied techniques.

2)riming 7. aswres. These include speaking rate,
and measures suchas relative speaking/silence
time and iatency to respoad.

3)contour measures. These relate to the relative
shape of the speech energy waveform when
plotted over time. An example would be
whether the waveform is relatively flat or
spiked.

4} psycholinguistic measures These include
phonetic measures such as changes in articu-
lation of words. They aiso include measures
of commurnication. such as whether
communication is appropriate and effective
given the ongoing conversation and the de-
mands of the Night situation. One of the most
nterssting aspects of the Russian work is that
it formally compares evidence based on the
physical properties of speech with evidence
hased on the effectiveness of communication.

Proposed Standards

Based on his expericnce, Belan suggested general
sturxdards that appiv to normai human speech. We have
not seen such standards published and found them
immediately practical in our work. We report them
kere for review by our colleagues.

For fundaiental frequency, Beian suggested that a
male speaker engaged in relaxed cominunication
should display an average fundamenta! frequency be-
tween 80-13C Hz. The range should be higher,
95-145 Hz, in cockpit situations (perhaps because the
speaker is compensating for hackgrcund noise). Thus,
if 2 pilot displays an average fundamental frequency
that is higher than 1435 Hz_ regardless of the flight situ-
ation, it 1s abnormal and a sign that the piiot is very
tense {Belan noted, however, that intra-individual
changes are more important than absolute changes on
all speech measures).

For fundamental frequency range, Belan suggested
that an average range cf 45-75 H7 was normal in a
reiaxed situation. A range of 45-90 Hz was normal
for a dynamic flight situation.

For speaking rate, Belan suggested an average rate
of about 4.5 to 7.5 syllables per second as normal. A
phrase might contain as fow as 4-7 syilables, and in
some cases as few as 2-3 syilables if the words were
coanvcrsational, and stili provide useful data for mea-

suring speaking rate.

For segmenting statements, Belan supgested thata
sifent period of 300 msec be used to delineate the end
of one statement and the beginning of another. This
might reprcsent an approximate minimum time
necessany for a human speaker to shifl thoughts.

An Exsmple of Russian Wark: Psychological
Stress

As an example of Russian wnrk Belfan described
in detail some work on the speech effects of psycho-
togical stress. He provided a lecture oa this topic, and
demonstrated his thinking in a laboratory anafysis of
several accident 1apes.

In general, the Russian work discusses 3 stages in
the human response to psvchological stress. These
range on a continuum from a constructive response to
absolute panic. The stages can be charactenized as
follows:

Stage 1. Belan descrnibed the first stage of stress as
8 working stress that improves performance, & <on-
structive mobilization of attention and resources in
reaction to an unusual event. The speaker is in control
of speech, communications are accurate and there are
no logical or semantic disturbances evident in speech.
The pilot’s performance in the cockpit show's no pro-
cedural errors. In acoustic and rate measures. this stage
1s characterized by an intra-individual increase of
about 30°% in fundamental frequency when compared
to relaxed levels, an increase of ahout 10% in
amplitude. and, perhaps, an increase of 5-10% in
speaking rate.

Siage 2 . The second siage of stress was described
as just strain. The pilot can still do the job and make
decisions. Movements can become sharper but are still
under control. The pilot does not make gross mistakes.

In the second stage of stress, speech is stiil adequate
o the situation bul emotional stress is clearly seen.
Speech is fast, strained, brief, and accented. There may
be a reduced latency to respond (sich as the speaker’s
response beginning before the query is compiete).
Occasionaily, ~hrascs are not completed. Belan noted
that there is a reduction of nonessential speech: the
speaker “observes the purpose of communication ™
Speech may be repetitious as if 1o ensure that the
recipient understands.

In Stage 2, the speaker’s performance often
displays hasty or premature actions. Intermediate pro-
cedural steps may be skipped. such as the omission of
checklist ftems. The speaker appears to be tryiag to
evertzke the situartion.

Stage 2 speech is characterized by an increase of
50-150% in fimdamental frequency when compared
to relaxed levels, an increase of 15-26% in amplitude.
and, perhaps. an increass in speaking rate of more than
50%. Other signs of siress include an increase in



fundamental frequency renge and contour changes.
Mgeasures of puise and respiration would show
increases.

Stage 3. On top of all else, during Stage 3, the pilot
cannot think strzight. Sometimes he cannot speak
clearly, leaves cut letters, and repeats the same thing.
Sometimes his answer is unrelated to the question.
He is apparendy thinking of something else. Belan
says that speech is characterized by those things that
dominate the speaker’s thinking regardless of the situ-
stion. Standard operating procedures are not followed.
There can be an occasional, stupor-like refusal to act
{although this is rare).

In Stage 3, there is often incoinplets articulation,
with unveiced syliables and words swallowed or not
produced. There is poor word choice and improper
grammar, and no sftempt to correct speech errors.
Fundamental frequency increases {00-200% over re-
faxed levels, amplitude increases 30-50%, and there
can be large osciliztions in rate inchuding increases of
50-200%. Dr. Belan noted, however, that these
changes may not appiy to the highest levels of Stage
3. It is not unusual to see a sudden drop in fundamen-
tai frequency and hoarseness when the speaker faces
immineat death.

Other Applications

Beian indicated that Russizn work has examined
fatigue and hypaoxia effects on speech, areas in which
tiere is no literature in English language journals.
There is also work published in Russian or: the physi-
ology of physical effort ard its effects on speech.
These areas were discussed only briefly in our one-
week meeting, however we received an impression
that Russian work in these areas was as thoughtful as
the work on psychological stress.

Fetare Directions

The Russian work appears to add significantly tc
previous work published in English language sources.
It adds conndence thai ticic waay 3¢ characternstics of
human speech that are cross~cultural and that will al-
low us to identify and quantify e _al responses.
The leadership of the NTSB ¢ . MAK plan to
continue the support of the cooperative exchanges of
techaical information and specialists in the field of
accident investigation, and we anticipate further ex-
changes with the Russian program that can lead to a
more involved cooperative work.
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INTRODUCTION

Accident Investigation

Evidence provided by voice recordings is often
integral to the investigation of aviatior accidents.
These voice tapes may be recordings of radio traffic,
or they may come from cockp.t voice recorders
(CVRs), which store the fina! 30 minutes of flight-
deck sounds. These recordings have long been used
to assist investigators in determining what happened
in an accident. Speech analysis, however, holds prom-
ise for gaining insight into why it happened. The
authors hope that speech analysis techriques will lead
to & better understanding of cognitive and emational
states that underlie the behavior of people involved in
accidents. This paper describes an initial attempt to
deveiop a protocol for such an analysis.

Speeck Maasures

Speech znalysis holds promisc as a technique for
detecting changes that may be associated with fatigue,
hypoxia, alcohol intcxication, drug impairment, physi-
cal exertion, workload demand, emotional stress, and
fear (Betan, 1994; Brenner & Cash. 1991; Brenner.
Shipp, Doherty & Morrissey, 1985; National High-
way Traffic Safety Administrarion, 1939). The present
work ia primaril) concemed “ith the dctecnon of

icscarchers have reponed s-uccess in using f undamcn-
tal frequency (pitch) as & measure of stress (Ruiz,
Legros, & Guell, 1650. Scherer, 1981; Strecter,
McDonald, Apple, Krauss, & Galotti, 1983). Breoner,
Doherty, and Shipp (1994) asked subjects to count
alcud while performing a tracking task with different
levels of workload demand. They found that funda-
mental frequency and voca!l intensity {loudness)
increased significantly with worklo:ad demands, and
speaking rate also showed a marginal increase. These
measures, along with a derived measure similar to one
emploved by Brenner et al. {1994} and a syliable count
suggested by Belan (1994), were used to analyze a
speech sample from a helicopter accident. Bt is hoped
that this work will lead to a standard proteco! for
speech analysis associated with accident investigation.

METHODS

The Speech Sample

On January 28, 1980 a U.S. Marine Corps UE-IN
helicopter was enroute to Reddmg, Catlifornia, on a
visual flight rules (VFR) flight pian. The captain con-
tacted a civilian Flight Service Station (¥SS) by redio
to exchange routine flight information and to change
his destination to Red Bluff, California. Within
moments of concluding this exchange, the aircraft
sustained a cetastrophic engine-to-transmission drive
shaft failure and besan an uncontroiled descent. Evi-
dence indicated that the transmission and main rotor
biades departed the aircraft during its invested descent.
The captain declared a “mayday™ to the FSS and gave
an assessment of the situation and & position report.
The helicopter crashed shortly thereafer killing ali
onboard. All radio transmissions between the captain
and the FSS were tape recorded by equipment at the
FSS. An analysis of this recording was performed in
the CVR isboratory of the National Transportation
Safety Board (NTSB). (Because it involved a
military afrcraft, the NTSB did not conduct its own
investigation of this accident.)

Analysis Procedure

The tape recording was digitized for computer-
assisted acoustic analvsis using an HP9000
workstation running thc Waves analysis package
developed by Entropic Software. Using expert guid-
ance (Belan, 1994), statements were defined as utter-
ances bounded by pauses of at least 300 msec. Using
this definition, the sample contained 9 statements made
during routine flight, and 14 statements made during
the emergency. The routine statements were spoken
over 46 seconds, and the emergency statements were
spoken over 38 seconds: 2! seconds separated the 2
statements. Three sub-statements or phrases were spo-
ken under both routine and emergency conditions. Five
primary speech measures were made for each state-
ment and repeated phrase: mean tundamental fre-
quency (f.), fundamental frequency range (w1},
duration. and mean amplitude (Joudness) were de-
termined with computer assistance, and the second
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author determined the number of syllables by
listening to the digitized sample. Speaking rate (syl-
lables per second) and 2 other derived micasures were
computed Ister. Speaking rate was not computed for
utterances of fewer thar 4 cvliables. Following
Brenner, Doherty, and Shipp {1954), the first derived
measure (D-1) was oomputed by summing the z-scores

of the £, and speaking rate for each statement. Afier
Belan (3994)_. the second derived measure (I-2) was
computed by summing the z-scores of the W, speak-
ing rate, and syllable count for each statement {syvi-
lable counts were reverse-scored because, unlike
OthRer measures, ineV wWeie tapoaied i deaicase Gui-
ing siress}. Three analyses were conducted using these
measures: (1) a statement analvsis that compared
f@ and Wi, for cach statement, (2) a condition analy-
sts that campared routine statements to emergency
statemnents, and (3) a phrase pair analysis that com-
pared the phrases that were repeated under both rou-
tine and emergency conditions. (Because the radio
equipment from which the recording wzas made was
governed by an automatic gain coantrol system. the
amplitude measures were unusable in these analyses
and thev are not discussed further.)

RESULTS
Statement analysis (Figure 1) presents the { and

range of Wi, for each statement. The square pk-t S¥Th-
bols mdacatc the f_ for each of the statemeuiis. Hollow

squares indicate the 9 routine statements; filied squares
depict the 11 statements made under emergency con-
ditions. Error bars plot the range of fundamental
frequencics for cach statement.

It is clear from Figure 1 that the captain’s
fundamental speaking frequency was elevated
during the emergency compared to his speech under
routine conditions. Further the growth of range under
emergency conditions is striking.

Conditior Analysis

During routine ﬂig.ht. the captain’s ﬁmdamcntal
frequency averagsd 123.9 1l This increased to
average of 200.1 Hz during emergency conditions. HJS
Wt changcd from 124.2 Hz during routine flight o
2973 during the CIMCTZency. Both of these elevations
were significant using 2-tailed ¢-tests, which were used
to avoid bias despite predicted difference directions.
The captain averaged 11.7 syllables per siatement
during routine flight, but this dropped to an average
of 6.7 svilables per statement during the emergency.
{Six of the captrin’'s emergency Statements containeg
only the 2 syliable word “mavday.”} If these state-
ments are excluded, the average for the 4 remaining
emergency statements is 7.8 syllables per statement.
Both derived measures increased undes cmergency
conditions, but only I>-2. the Russian-influenced mea-
sure, changed significantly. Two-tailed t-tests were
performed on all of these observed differences. and
the results are summarized in Table 1.

500
) O Routine .
T 400 = Emergency T 1 T1T71_
O
e -
§- 300 T ® ® |
g i -¥ ISR RER, | ®
£ o } : 23ll] 11
z L

0

FIGURE i: Fundamental Frequency Mcans and Ranges for All Routine and Emergency Statements
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Measure Routine Emergency Significance
Fundamentai frequency {(Hz) 123.9 2001 <.001
Range of fundamental frequencies (Hz) 124.2 297.3 <.0001
No. of syllabies 1.7 6.7 =.054
Speaking rate (syliables per second) 53 4.4 n.s.
Derived measure D-1 -0.14 6.18 a.s.
Derived measure -2 -0.76 0.90 <.0001

TABLE 1: Summary of Mean Speech Measures by Condition

The information in Table 1 shows that, as predicted,
both £, and Wi, increased significantly during the emer-
gency. Also as predicted, the number of syliables per
statement decreased, bui this difference was not sta-
tistically significant. The derived measure used in pre-
vious work {D-1) did not change significantly, but D-2
changed dramatically. In Figure 1, the z-scores of the
observed differences have been graphed for easy com-
parison. Graphical presentation of captain’s speech
before and during the emergercy.

Phrase Pair Aealysis

During the uncontrolled descent, the captain
repeated 3 phrases that he had used moments carlier
during routine flight He reestablished communica-
tion by cailing the FSS by its identifier, identified
himseif with his callsign, and gave his position. Table
2 presents speech measures for each of these phrase
pairs. Aithough hittie change occurred in phrase speak-
ing rate, large changes were seen in fundamental
frequency.

Figure 2 shows the differences between the
fundamental frequencics of each of phrase pairs. Each
bar in Figure 2 shows the value of the fundamental
frequency of one phrase, with one exception: The
pilot gave his callsign twice during routine conditions:
therefore, the bar that indicates this phrase actually
plots the mean funda nental frequency of both phrases.
A fing ihat indicaies the average fundamenial fre-
quency of all statements made during routine flight is
fabeled R, and a comresponding line that shows the
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average for all statements during the emergency is
marked E (these lines plot the averages given in Table
! for fundamental frequencies). For each phrase, the
pilot’s speaking pitch was higher during emergency
conditions.

CONCLUSION

The extreme emotions] stress experienced by the
speaker during the uncontrolied descent of his aircraft
15 apparent in an affective sense to anyone who lis-
tens to the recording. This sample was chosen for this
preliminary work because it captured 2 dramatically
different emotional states, and because of the special
analysis opportunities afforded by the repeated phrase
pairs. The shott period of time between the routine
and emergency statements, and the fact that the entire
recording was made using the same equipment,
further made the sample attractive for this work. For
these reasons, it presented a Lest-case scenario for
development of an apalysis protocol. Simply pat, if
the techniques described in this paper faikd to work
here, they would surely not work for subtier cases.
The elevation in fundamental speaking freguency
observed dunng emergency conditions is consistent
with the presence of emotional stress and an increased
workload demand as documentad in previous studies.
Further, Belsa (1994) astimates that $0% of the popu-
lation exhibits such 2 change during periods of stress.
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Measure Routine Emergency
FSS identifier
Fundamental freq. (Hz) 127.3 193.4
Speaking rate (syllables/sec) 5.37 513
Callsign
Furdamental freq. (Hz) 135.1 159.1
Speaking rate (syllables/sec) 6.07 5.38
Positicn report
Fundamental freq. (Hz) 121.3 222.3
Speaking rate (syllables/sec) 3.21 4.39

TABLE 2: Summary of Mean Fundamenta} Frequencies 2nd Speaking rates for Phrase Pairs Spoken during

Routine and Emergency Conditions

FIGURE 2: Fundamental Frequencies of Phrase Pairs. and Mean Fundamental Frequencies of all Routine

Calisign

Position
report

{R) ané Emergency (E) Statements
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Further, as Belan predicted, the range of fundamental
frequencies within statements grew larger under emer-
geacy conditions, and the number of syilables per stase-
ment decreased. The real value of this technigue will
lie in its ability to determine information about the
emotional state of a speaker when it is not otherwise
apparent. It is hoped that the technique described in
this paper will lead to the ability to do just that in a
standardized way. A tool for exploring the cognitive
and emotional states of people involved in accidents
could prove invaleable in determining the underltying
causes of their performance and identifying appropriate
preventative sirategies.

Author's Note: A version of this paper was
published in the Proceedings of the Human Factors
and Ergonomics Society 38th Annual Meeting in
October 1994. All opinions expressed in this paper
are those of the authors and do not aecessanty refiect
the official position of the National Transportation
Safety Board.
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PART 2: PEMIONSTRATIONS

USING GCS TOOLS™ IN TEAM PERFORMANCE RESEARCH
Cling Bowers, Floricn Jenisch, Barbara Holmes
University of Central Fiorida

INTRODUCTION

Analyzing communications of team members has
become an imporiant method in the grea of team
performance research (cf. Bowers, Braum, & Kliine,
1993). Analyses of intra-tcam communications allow
an outside observer one of the few opportunities to
gain an understanding of the cognitive and social pro-
cesses occurring within teams. However, after team
performance data are collecied and an adequate
coding scheme has been developed, 2 problems
are encountered in communications coding: The
selection of the hardware and software to perform the
coding and the actual coding procedure. Possible
approaches inciude psper- and pencil-based coding
and manual data entry, or computerized coding, data
entry, snd anafysis. The Team Performance . sbora-
torv uses both manual and computerized methods,
depending upon the scope of the analyses and the avail-
able data. For the computerized analyses, the Team
Performance Laborztory employs OCS TOOLS™, a
software and hardware package developed by Triangle
Research Collaborative, Inc. OCS TOOLS™ wps se-
lecred by the Team Performance Laboratory because
we needed 2 dais analvsis tool that was flexible enough
to be useful in & variety of research applications.
Our main focus was on communications analysis,
but we also wanted to perform network anakyses. tac-
tical decision-making analvses, and task analyses.
The OCS TOOLS™ system answered this statement
of needs because it stlows for the coding and simulta-
neous timing of live or videolaped events according
to a variety of coding schernes. Using the system,
timestamped videctapes ere codad by a trained rater
on a basic workstation consisting of 2 personal com-
puter with moeitor and keyboard connected to a wideo
cassette recorder {VCR). The output datafites provided
by OCS TOOLS™ are ready for further statistical
analyses using standard siatistical software packages.
In the following sections, we describe these problems
in more detail. For each problem, we also show how
ihe Team Performance Laboratory has implemented
a solution, and what experiences we made with these
solutions.

Whst are the Tocls for Coding? - Description
af OCS TOOLS™

The Observational Coding System (OCS
TOOLS™) by Triangle Research Collaborative, Inc.
is an integrated software and hardware system for
observationa! data collection, preliminary data

analysis, and records management. In the Team Per-
formance Laboratory, OCS TOOLS™ are mainly used
for coding of intra-team communications and crew ¢o-
ordination behaviors. The system ailows the re-
searcher io combine observational methods with
computer and video technology into an integrated
whole. This can increase the reliability of the codings
and often allows for easier data storage and handling
than traditional! manuai coding systems.

Basic Architectuve

OCS TOOLS™ consist of several hardware and
software modules which can be sssembled in a van-
ety of architectures. Three basic systems, called LIVE,
FRAME, and VCR, allow customization of the OCS
TOOLS™ set to & variely of ressarch setiings. With
CCS-LIVE, events are coded as they occur by cnier-
ing the appropriate code (TRC, 1993). OCS-FRAME,
on the other hand, includes the features of OCS-LIVE,
but also gliows the coder to enter a user-selected time
code with each code. Finalhy, OCS-VCR can perform
the functions of OCS-LIVE and OCS-FRAME.
Alternatively, OCS-WVCR can use a machine-readable
timestamp from the videotape that is coded 25 a
timing reference.

Hardware Components. Several hardware modules
make up the OCS TOOLS™ svstem. A timecode
reader reads optional timestamps from the audiotracks
of a vidootape and automatically records time in the
datz stream. Also, 2 VCR controller allows the
optional controt of @ VCR from the keyboard of the
OCS TCGOLS™ computer. A seconé keyboard can be
connected to the system, allowing 2 coders to rate the
same event simultancously. Further options that are
avatlabic include the capturing of keystrokes from an
independent computer {for the purposes of software
usability testing) and video overlaying. The fatter op-
tion allows viewing of VCR and computer interface
simuitaneousty or multiplexed on the same monitor.

Softwere Components. All systems have several
common features. They share functions for besic
stadstics {frequency and durations of specified events,
anabvses of intervals between events, ime series com-
parisons. and patiern analyses). AN OCS TOOLS™
systems also have a common package of scfiware
utifities. These routines aliow operators to manipu-
late files, gain access to directorics, etc. Also, each
svstem contains advanced functions. ADMIN,
AGREE. 2nd PLAYBACK. The ADMIN functions
ailow the selection of hardwar. »ad software
components 1o be used for a particular coding task.
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Furthermore, they allow a system administrator to
monitor the progress of coding through an audit trail,
to limit access to files, and to specify other variables
related to data securty. PLAYBACK and AGREE can
be used for dataset verification and observer training.
With PLAYBACK., the operator can review data sets
to specified points. Also, this utility allows identifi-
cation of trouble spots by presenting the codes and
the respective videosecording simultareously.
AGREE, on the other hand, allows the researcher to
compare 2 scts of data to verify interrater reliability
and code consistency. The input and output diles are
all in ASCIHI format and are therefore compatible with
manyv DOS-bascd software packages.

Currcant System Layvout in the Team Perfor-
mance Laberatory

The Team Porformance Laboratory uses a single
computer, monitor. VCR, snd kevboard in its
OCS-VCR configuration. The single computer is an
[BM-compatible 80286-personal computer that is con-
nected 1o a professional YOR. This setup is sufBcient
for the purposes of the Team Performance Labors-
tory. as it allows laboratory staff to play videotapes of
aircrews engaged in compiex flight scenarios and code
their interactions in real-time.

How Do We Code? - Practical Applications.
Coding behaviors as they occur invoives significant
problems: Obtrusiveness of the raters, reactivity from
the participants to the presence of raters, the limited
capacity of raters to remember and rate coramunica-
tions, iost tume if raters are present at a site without
observable events, etc. reduce the etfectiveness of the
rating process. Furthermore, it is difficult to keep
raters unaware of the treatment condition (condition-
biind™) if they are present at the observation site.
Because of these problems, the Tzam Performance
Laboratory has selecied to video- and audiotape the
interactions within the experimental teams and to rate
these recordings after the fact in a laboratory. While
this method introduces its owa sei of problems (e g..
identifving speakers from audiotapes). it aliows the
events 0 be rated in a randomized order and helps
coders to remain “condition-biind.”

Within the methods that usz recordings as the
basis for coding of 1eam communications, videotapes
are preferable over sudiotapes. The Team Performance
Laboratory has equipment to fimestamp videotapes
(see below), but not for the timestamping of audio-
tapes. Also, video tapes can facilitate the identifica-
tion of the speakers, provided their pictures are
recorded. We found in the Team Performance
Laboratony that raters have panicular difficuitics
distinguishing among the voices of pilots. Causes
contributing to these problems are that most
participants in flight simulations are male, of 2bout
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the samc age, and come from a relauvely limited geo-
graphicai area within the U.S. Furthermore, the
headset and microphones used by the participants,
while increasing the physical and functiona! fidel-
ity of the simulation, often do not provide optimal
transfer characteristics for audiorecordings; another
factor making the identification of speakers from
audio recordings alone very difficult.

Another advantage of using videotaped communi-
cations is that the video often helps coders 1o classify
otherwise ambiguous communications. The visual in-
formation about who is manipulating the conmrols,
which chart a pilot is looking at, or which instruments
hefshe is pointing at, can be very useful when
categorizing communications.

Timestamping. The OCS TOOQLS™ software
allows a computer system to function 2s an eveat
recorder, which the rater uses to codde and record events
as they occur. Data from coding sessions are stored
directly to disk and may be edited later. This way,
events may be coded live in the fieid, or videotaped
and coded later. When events are caded Iive, each time
a code is entered at the keyboard, it is assigned a
time using the computer’s internal clock. The code
and the time §t was entered are saved in the dataset.

Coding live is often impractical or mpossible for
research purposes: The amount of data that needs
be processed, evaluated. translated into 2 code, and
physically entered into the computer mey quickly
exceed the capabilities of even the best trained coder.
As aresukk, even a well-trained coder may miss events
that need to be coded. Therefore, the Team Perfor-
manse Laboraiory makes use of the other coding
option for OCS TOOLS™, that of usiag pre-recorded
videotapes. When events are coded using this method,
the OCS TOOLS™ svstem can operate either in a
synchronous or non-synchronous mode with the VCR.
Non-synchronized means in this conatext that the
computer uses its internal clock to assigo a time each
time a code is entered. Although videotape can be
coded this way. it is not done in the team Performance
Laboratory because of the coders’ Himitations dis-
cussed above that may mske the time assigned to each
coding unreliable.

Rather than coding videotapes i the non-synchronous
mode. the Team Performance Laboratony uses the syn-
chronized mode. Using this method, each videotape
is timestamped before it is coded. that is. cach frame
of the videotape is stamped with a time code that the
computer can read. When a code is entered, the com-
puter assigns it the timecods read from the respective
frame of the videotape. Even if the videotape is re-
wound or fast forwardad. the computer enters the
correct “video timestamp.” Thus, unlike in the non-
synchroncus mode, coders can rewind, recode, fast



forward, of code at sny tape speed the system can ac-
commodate, without worrying about incozrect times
being assigned to codes of events.

The first step of preparing a vijeotape for coding
is therefore to lay a timestamp on the tape which can
be read by the OCS TOOLS™ system. The timestamp
may belaiﬁanmmenpeattheﬁmeofmerding or
it may be copied onto 2 duplicate tape. \.opymg a
timestzmp cnio 2 duplicate tspe is time consumiag
since timestampiag must occur at the oniginsl tape
speed (i.e., high-speed dubbing cannot be used). The
Team Performance Laboratory therefore uses a spe-
cial timestamp generator at the time of the original
recording. This minimizes the delay between data col-
lection and coding of dats.

What Did We Expericace? - Lessors Learned
ané Cuttook
From its use in the Teamn Performance Laboratory,
we have learmed several imporiant lessons about OCS
TCOLS™ and their utility for the coding of intra-team
communications. The following is a compilation of
some of the advantages and disadvanteges that we
found in our experience with the coding of
communications using OCS TOQLS™.
Advantages

*

. As OCS TOCLS™ s
BOS-based, it can be run on any IBM-compatible
processor {AT or better). Thus, it can be run on a rela-
tively inexpensive PC, reducing the equipment cost
requirad. OCS TOOLS™ can also ¢reate, odit, and
store datafiles of various sizes and complexity. The
user is only limited by the memory capacity of the
cotnputer OCS TOOLS™ is run on. Also. its output
of ASCI! files can easily be read by most conventional
staristical packages such as SPSS and BMDP.
Flexihilitz. One of the most flexible aspects of OCS
TOCLS™ concems the assignment of codes. Users
of the system are free to design any types of coding
scheme they desire, with the maximum limit being 10
characters. This allows researchers to pick and chooss
the most appropriate coding scheme suited for their
use. The ediiing feature even allows investigators the
flexibility of altering datasets subsequent to their cre-
ation. Should 2 coding scheme be redesigned after
coding of participant interactions has begur, rescarch-
ers can change the previous datafiies to adhere 10 the
newer coding scheme. This editing feature is generally
representative of the entire system’™s floxibiliny.
Customizimg. OCS TOOLS™ can sasily be
configured according to the needs of the user. One is
generally limited only by the amount and rype of hard-
warc available. Should a particutar configuration not
be diagrammed in the instructions, TRC staff arc
wiiling and able to help system operators 1o design
optimal configura.ons for their rescarch needs.

&
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Disadvaniepes

Iaterface. The main disadvantage we found while
using the QCS TOOLS™ system in the Team Perfor-
mance Laboratory is that the interface of the system
is less intuitive than we expected. We found that
observers require & thorough training session before
we can confidently let them use the system. Our lab
employs a large number of undergraduste shudents that
conduct directed research for only one to two semes-
ters. Before these undergraduste stadents can work as
observers under the supervision of subject matter
experts, they have to be trained in using the coding
schemes and with respect to the subject matter. Train-
ing prospective raters to use OCS TOOLS™ unposss
additional demardls on the subject maticr experts. and
often is not justified if the raters are going to work in
the laboratory for only a few months. In facy, at this
time, we are not training new raters to use OCS
TOOLS™ because of this problem.

Code Limits. Even though a id-character limit
would not seem detrimental, when coding in real time
it is often difficult or even impossible to Type in
10~characier codes when interactions are occurring
rapidly. Coders cannot possibly keep up with their
cbservations because the quantity of charscters soon
exceed the capacity of their working memory. l is
therefore advisable for users of OCS TOOLS™ 1o
limit the number of characters used in their coding
schemnes to as few as possible in order to expedite the
coding process. We in the Team Performance Lab
generally utilize Z-character codes to identify pot only
the speaker but also the Type of statement uttered.

Timing and Becording. The timestamping of
videotapes via OCS TOOLS™ js time-consuming and
tedious. It requires the use of 2 VCRs connected 1o
the computer using OCS TOOLS™, as well as an
altemmate wiring scheme than that used when coding
tapes. The switching back and forth between wiring
configurations can lead to errors, and thereforc
annovance. Additionally, when OCS TOCLS™ s in
the timeszamping setup. It canaot be used to code tapes
at the same time. Thus, timestamping videotapes
reduces the amount of the time the computer can be
used 1o code datasets. To reduce the additional time
required 1o timestamp via OCS TOOLS™. Team Per-
formsnce Lab staff have resorted to using another
timestamp method which does not require the use of
OCS TOCLS™, and also allows videotapes to be
timestamped during the original recording. It also
increases the amount of time the OCS TOOLS™
computer can be used by coders.

OUTLOOK

As 2an be sgen from the previous discussion. not
all coding tasks within the Team Performance Labo-

ratory are completed using OCS TOOLS™ In face
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in many cases, we found that it is faster to have raters
code certain behaviors manually. This is especially
the case if ratings have to be made quickly, and in
cases where sequences of events are not as important
as the frequency of their occurrence. In these cases,
raters can code videotaped events at any VCR with-
out the need of using the specific GCS TOOLS™
workstation. This reduces the time required to have
multiple raters code videotapes. Alse, this method
often increases the acceptability of the codiag pro-
cess with raters whe are not confronted with the
logistica! problems of sharing a workstation at 2
particular location. We therefore decide abeut the use
of OCS TOCL.S™ on a case-hy-case basis, rather than
always using the svstem.

in those cases that the Team Performance
Laboratory has used OCS TOOLS™. it was only
employed in a limited capacily. This 13 wn part the
result of the limited hardware set present in the Team
Performance Laboratory (1 computerand 1 VCR), but
was also partiy based on the fact that we did not need
all the functions offcred by the system. One such
funchon that is currently not used by the Team Per-
formance Laboratory but mav be utilized in the
future is the simultanceus coding of | videotape by
multiple raters at individual worksiations, This
approach has special utility when the same cvents are
to be coded using different coding schemes. or if rat-
ers are focusing on different persons. objects, or
behaviors(e.g.. onc rater rates verbal communications,
the other codes non-verbal signs). Also, concurrent
coding by several raters can be used to perform rater
training more effectively. and 1o quickly establish the
degree of interrater reliability.

As is shown by this example of a future application,
OCS TOOLS™ provide a large number of functions
thai are limnited mainly by the financial resources avail-
able to the user. As future tasks will impose new
requirements for communications ¢oding and
analvsis, the Team Perfermance Laboratory wiil
expand the use of this too! 1o fulfill these needs.
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ANALYZING VOICE COMMUNICATION CONTENT:
WHAT MacSHAPA OFFERS
Penelope Af Samderson
Deparmment of Mechanical and Industrial Engineering
University of Hiinois ot Urbana-Champaign

INTRCDUCTION

in many domains of inguiry we need effective wavs
of analyzing human verbal and non-verbal commu-
nication. The analysis of verbal communication has
traditionally been supported with audiotape and
transcriptior, but is now increasingly supported with
videotape. The analysis of non-verbal ccanmunication,
howaver, relies oo iy upor videotmpe to provide a
record of gesturz, expression, bodily orientation, and
direction of gaze in addition to verbal information,
When human communication is studied in high
technojogy working environments such as aviation.
pracess control, or hospital operating theatres, detz
collection becomes even move coraplex. I human com-
munication is to be understood in such work contexts,
tnportant features of the context need to be tracked
and stored alongside the verbal and non-verbal commu-
nications data.

For example, when studying communication
patteras in & cockpit simuiator, we might collect sev-
eral video signals (from 2 or mere video ¢ameras
positioned at different focations), an. electronic log of
crew actions, information about aircrdt status sampled
many times per second for many parameters, and
finally environmental information such as wind
direction, cutside temperature, eic. To rerapture the
work context and fully understand what the human
participants were achieving as they communicated, we
must be able to cooedinate these different sourees of
data so that their interrelations are apparent.

Coordinating such data is difficult both technically
and conceptually. Over the last 5 years thers has been
considerable progress in surmounting some of the tech-
nical problems (see review in Sanderson, 1994). The
wrrivel of relatively lowcost amoltiimedis hardvare and
software has encouraged many researchers to build
data analysis environments that are equal to the chai-
lenge of rich communication data. Less progress has
besn made on the conceptual front, however, largely
because the overwhelming task of first gaining access
to the data stil! lsaves us with less time o explore the
data and uwy out different forms of analysis than we
wouid like. Therefore, investigatocs still face dilem-
mas on all fronts when deciding how to analyze com-
munication data {Sanderson & Fisher, 1994). For
example, what aspects of the data should be high-

lighted, how should the data be sampled if all of it
cannot be analyzed, should data be “coded™ or loosely
described, what kinds cf statistics, if any, can be used,
and what constitutes adequate “proof” of an assertion?

Answers to these questions depend partly or the
inteileciual tradition to which an investigator belongs
{such 25 ethologicsl, cognitive, interactionist,
ethnomethogdological, etc.). However, answers about
how 10 proceed aiso depend greathy on the gquestion
that is being answered with the datz, and on the form
of the data themselves. There has been a flurry of writ-
ing about the connection between technical and con-
ceplual aspects over the Jast few years that has helped
make us more aware of the choices to be made and
the basis on which they can be made (Edwards &
Lampert, 1993; Fielding & Lee, 1991; jordan &
Henderson. in press; Sanderson, 1993; Sanderson,
1994; Sanderson & Fisher, 1954, Weitzman & Miles,
1994).

In this paper I will briefly descnibe a program called
MacSHAPA that has been under development at
University of Iilinots for the past § years. MacSHAPA
is a Macintosh-based spplication with simple multi-
mediz capabilities that belps the anahysis of cenain
kinds of sequential dats, including verbal and
npon-verbel communications date. MacSHAPA wes
initially developed to help analyze cockpit communi-
catior, but hecause it is 2 “context-fre2™ tool R can be
applied equally weil to the analysis of observational
or sequential data in many different domains.

MacSHAPA's Structure

MacSHAPA s structure can most easily be described
with the “star diagram” in Figure 1 and the interface
exampi¢ 1 Figure 2. MacSHAPA's basic data
display 1s a special kind of spresdsheet, as Figure 2
shows. The columns {which we ¢ail “varighles™) hold
different kinds of data such as traascription, a
researcher’s notes, electronically captured control
activity, cte. Within cach column are smal! hoxes,
which we call “cells.” Celis hold the elements of
information in each column, suck es a single utter-
ance. 2 single action, eic. Varisbles and cells are &t
the heart of & MecSHAPA document, so they have
Been placed at the center of the star dizgram in Figure 1.
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FIGURE 1: Star Diagram of MacSHAPA s Funcuionality.
in center, “spreadsheet varables” indicates columns of different Kinds of data, and “spreadsheet ¢elis™
represents the data atoms of elerents within each variable, or column.

Around the perimeter of the star diagram are the
names of the most important funcions people carry
cut with MacSHAPA-—making mouse and key actions
on the spreadsheet 10 enter and edit raw dota, han-
dling video. importing data from other applications,
setting up encoding vocabularies {or coding schemes),
filtering and changing encoding vocabularies, and for-
muiating queries in a general guery {anguzge. The
functions break down inte 3 general classes of activ-
ity. which wiil be discussed in grearer datail ip the
next 3 sections.

1.Sezeing datr in various ways {includes video,
mouse and key actions, passive reportsh
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2. Eniering and editing data (inciudes mouse and
key acuons, video, import. encoding vocad.,
vocab filter, and the guery language).

3.Camang out analyses and statistical proce-
dures ondata {includes query language, active
reporis, passive reports).

I Seeing Dasa. Figure 2 illustiates some of the
many ways thal data can be seen in MacSHAPA: in
video form in spreadshest form as transcriptions,
ercodings. or annotations: and in 2 visual timeline rep-
reseniation {lower nght). The dats in the spreadsheet
car mciude ranscrptions, comments., sncodings. and
thesetical annotations.
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i video is being esed, then MecSHAPA provides
rerzolr contwol of & video source through s VCR Con-
ot Winéow thet inchudes all normal VOR commands,
plus some further useful commands (se2 top ket of
FQ@E}MVCRCMWMOWEE%MS&
dmmﬁ:efaﬂewmgw

Control the basic movemea& of the videotape
such as piey, pause, stop, forward, end rewmd.
Control the jog and shuttie functions.

Search for 2 specified timecode on the video-

tape.

Replay video apd see dats cellsinthe spread-
shect highlight i synchrony with the videotape,
as their timestamps match the timecode on the

MacSHAPA has a built-in driver thet controls &
Panesonic AG-7750 VHS/ SVHS professiona! leve:
VYR with an onboard AG-F700 timecode geaerator’
reaier card. This driver aiso works with Panzsonic’s
pewer VCR models. MacSHAPA can also control
various other video devices with the kelp of Abbate
Video Inc.’s VTK Remote™ application. Using Apple
Computer Inc.’s Video Monitcr™ the vides signal can
be digitized and sent 1o the computer screzn, as seen
in Figure 2.

Users can select data in the spreadshect using
standard mouse and key actions, and then ask o see
the dsta in difierent forms (the so-celled “passive”™
reports in the star diagram). For exampie, ssleciad vari-
ables {colomns) or cells can be viewed in & graphical
timeline, as shown in Figure 2, or in 2 more compact
Eisting form raiher than as a spreadshect. Active links
are maintained betwesn dala in the spreadsheet, posi-
tionis on a timecoded v :deotape. and gmphzcaz
representations of events in & timelive

The lavout of the speeadsheet itseif can be chznged
The first tmestamp iz each spreadshest cell is the
ceil’s starting time and the second timestamp is its
ending time. in Figure 32, cells are positicned soas o
presesved a weak temporal orderiag in the timestamps
across different columns, and the timestamps are dis-
played. In Figure 3b, however, the cefls have not been
positioned to preserve weak temporal ordering, but
mﬁwmu‘emﬁ&m&mﬁv the timestamps
for each cell are not drawn. This leads to a more
compact representation, especially if 2 column is
narrowed as well {(not shown here).

2. Evtering, Editing, and Manipuiating Deta. The
nodes labeled “Mouse ard key actions on spread-
sheset,” “Videe,” and “Import™ ali contribute to
entering data intoc MscSHAPA. Throush mouse and
key actions, users cen perform many finciions directly
on the spreadshzet representation of the dats. These
fanctions include creating new data columns, enter-
ing new data cells inte the columas, and changing the
look and layont of the spreadsheet by moving col-
umes and cells from place to place.

e

As we have seen, users mmmm%t&mmo&l}
ﬁzroz@ MacSHAPA s VCR Coatrol window. Ia 8d-
dition, usews can canture timecodes from a video souree
that hes fimmecode stored on i or from the Macintosh’s
internal clock, and insert timecedes into 1
celis. This yrocess is ilfustrated in Figure 4, While the
YCR time counter or the internal clock runs, users
create new cells by hitting the Stamp New Cell butten
ot the VCOR Control pantl. A new cell will be created
and the time of its creation will be zutomatically in-
serted into its time oaset. The user can then enter 2
comment or code.

With the help of QuicKeys®, the user can create
“codad event buttons.” A coded event button is a key
that, when peressed, credtes @ timestamped new celi
and inseris 2 code or description into the cell, such as
“Redirects Capizir’s attention non-verbally™ or
“Raises voice.” Clearly, a well-conceived set of coded
even: buttons <¢an save 2 great deal of time-
consuming typing and sllow quite complex coding
and annotatio: to take plsce in reql dme, sich as when
observing events in the field or working with
videcape.

The “Import™ node in the star diagram {soe Figure
1) refers to the fact that users can import exteinnl text
files into MacSHAPA. For most importing needs,
MacSHAPA’s general forma configeration will be
adequate. Usess teil MacSHAPA what the structure is
of cach record in the aw data file is and whers the
data should go in MacSHAPA's spreadsheet. and
McSHAPA will do the rest.

For some research needs, but not all, it heops to
develop 2 strict eading scheme o spply 1o the data.
The node “Encoding vocab™ indicates that users can
set up tempiates or vocabularies for encoding. As the
ncﬁe“\’wbﬁka"w usess can fikier their datg,
selecting some< parts and ignoring others, and then
either perform repornts ot the fitered dats or 1ewrite
the filtered date in some way. Filtering and changing
dstz beips mew ways evolve of describing and
understanding data.

Finally, the node labeled “Query laaguage™ refers
10 MacSHAPA s database query and datz mampni&-
tion language. Eack goery cousists of 2 condition and
an action. In the condition the user defines & certain
paitern o be sought in the date, such as “first utter-
ance after trbulence encountered.™ In the action the
user stat~s what shouid happen whenever that paftern
is found. The query language can be used for
inserting new cells, modifying old celis, deleting celis,
and selecting certain ceils for further mh*szs.

3. Axalyzing and Reporting Data. Before running
& MacSHAPA report, users must identify the detz oo
wb&c’::&cmpo’tsheaidbcm As Figure 5 shows,
qaencs and mpcm can be run on spreadshest selec-
tions of datz {cells or variables), or on data sets

created by 2 filtering operation. Selections cam also
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FIGURE 2: Different Views into Data with MacSHAPA
Dominating the right background is the spreadsheet-like data display, its columns contzining quatitatively
different kands of information. At bottom right is 2 timeline display of the codes in the “CODE™ spreadsheet
cohmmn. Digitized video is shown bottom ieft. and the VCR Controt window at top left.
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FIGURE 3: Ahemarve Spreadshee: vayvouts.
{a} Temperal ordering on and timestamps drawz. (b} temporel erdering off and timestamps not drawn.
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Analyzing Yoice Communicction Conter: What MacSHAPA Offers

FIGURE 4: Usiag the VCR Control window’s Stamp New Ceil button, users can capture timecode from an

external source and create a new cell in the spreadsheet with the captured timecode in its tirne onset. (Time

readout in VCR Coutrol window is later than time in cell because picture was taken about two seconds sfter
ceil was created.)

ANALYZIDNG

SELBCTING MORE)

FIGURE 3: In MacSHAPA, querics and reports can be nun oa selected spreadhoeet cells, selected spread-
shoet variables, or on data created by 2 filtering operation.

be modified by further selecting, guerying or
filtering, narrowing the data chosen until just the
desired subset is selected to go forward to a report.
There are 2 principal ways of analyzing and
reporting data in MacSHAPA—using built-in reports
and using the query language. Reports can be passive
and active. Passive reports are run simply by select-
ing 1 or more columns of data or a set of individual
data cells on the spreadsheet, and choosing 2 passive
repart in MacSHAPA’s Report menu. Passive reports
inciude timeline analvsis which heips to Jetect
patierns {see Figure 2), content analysis which jtem-

1zes ang counts how different codes are used, and
duration anaiysis which reports how long each code
was sctive.

In contrast, active reports require some seftings and
selsctions to be made in a dialog box before they can
be run. They include transition matrices with some
simple Markov statistics, analysis of cycles between
key events, lgg sequential analysis, and the compari-
son of different event streams with either reliability
messures, information transition measures, or a basic
time-warping rotine. Further details can be found in
Sanderson ¢t al. {in press).
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Figure 6 shows a MacSHAPA document (fefl} with
the results of an active report {transitions analysis}
and a passive report (contert and duration analvsis)
next to it. Both reports have been performed on the
“CODE" column. The transitions analvsis has been
printed out as a tree, although the more conventional
matrix can be geperated. The data sugpest that in this
fault diagnosis episode, statements about tests are very
common and are usuatly followed by inferences. The
content analysis reports, for each code, the number of
times it was encountered in the document, the total
amount of time the code was active, and the average
time {pet occasion) that it was active.

Finaliy, the Query language can be used for further
types of reports and znalyses. Ii can b used to count
events, sum values, perform arithmetic and Boolean
operations on celi values, and search for simple
sequential patterns. The dasic query template is:

query( <comnktition>,<sction>}

In the <condition> side the user enters pattems to
seek in the data. and in the <action> side enters what
should be done when the patterns are found, such as
printing them out, selecting the cells found, adding 2
minutes to their timestarnps, etc.

FIGURE 6: Atleft acoded transcript. At center, transition analysis of these data displayed as a diverging
tree. Az right content and duration anahysis on the same gsta.

Figure 7(a) shows 2 queries in a MacSHAPA
document that uses 2 compiex relational template for
encoding, in which there isa key term (FACKNOWL™)
followed by some qualifiers: ACKNOWL
{<SPEAKER>, <TO>, <MITIGATION>). The first
query locks at celis in the cofumn called “speechend:”™
and finds all celis in which Tor: makes &n acknowl-
edgment—ACKNOWL(Tom, <TO>, <MITIGA-
TION>). The action is then to count the number of
times acknow by Tom are found, and the
result {Count=4} is shown in Figure 7(b).

The second query 2gain looks for acknowiedgments
by Tom, and stores the ordinal aumber of the ¢¢ll in
“2ord” and the time onset of the cell in “%on.” The
action is o print cut the number and time onsets of
cells in which Tom makes an scknowiedgment.

ig2

Fortunately, users do not have to oype in ail the
punctuation shown in the sample queries above in
Figure 7. The query language has a structure edifor
that “exptodes™ with the proper syniax and manages
is for advanced use—many of the analyses that can
be performed with it can also be performed more sim-
ply with reports. but with the query language users
can pose unusual guestions and carry out very
specific transformations.

Saitable Uses of MacSEHAPA

Some human communication investigations can be
conveniently supperted with MacSHAPA, whereas it
is fess suitable for other kinds. For example.
MzcSHAPA was designed to be used primarily with



Anghzing Foice Communication Content: Fhat MacSHAPA Offers
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FIGURE 7: Sample Use of the Query Language
(2) Queries window with two queries. (b) Output of each query in the Query Cutpir Window

symbolic data, such as codes describing human and
system activity. At present, MacSHAPA has less o
offer to the anelysis of strictly numerical data such as
s speech signal or raw eye movement data.
MacSHAPA belps investigators develop and change
coding categories, store them, and use them to
encodedaumu&!iy Thesre are o coding catego-

ries “built into™ MacSHAPA; the software does not
encode data automatically.

Tempora! relstions are an important organizing
principle in MacSHAPA, which makes it suitable for
anafyzing temporal aspects of communication. Com-
ments and annotations, as well as events, are associ-
ated with a pasticular point in time. Because of this,
MacSHAPA is particularly useful for aralyzing
sequentiai and linear aspects of observational data but
is of less help when analyzing nonlinear aspects.

Exumples of Use i Verbal 2ad Non-verbal
Communication Stadies

MacSHAPA has now been used in several investi-
gations involving kuman verbal and nosn-verbat
communication. It has been used by the Aeronautical
and Maritime Research Laboratory in Australia to
analyze audio tapes of intercom communication
between crowmembers on severs! P3-C Onoa surveil-
lance aircraft Juring full-scale exercises {Manton,
personal communicetion, 1992). i has been used to
study collaborative reasoning in scientific discussions
(Dusbar & Baker, 1993) and diagpostic reasoning
(Reising, 1992). In addition, MacSHAPA has been
ueed at NASA Ames Research Center to study voice
comununications i party line and dat link ATC con-
figurations {Mosier, personal communrication, 1994)
#nd non-verbal communication between aircrafl
crewmembers (Segal, 1993).

-t

Obtsining MacSHAPA

M2cSHAPA represests the implementstion of a
preliminary hypothesis about how certain kinds of
ESDA might be aided. The software is primarily 2
research ool developed in a research labocatory, and
does not have some of the features expected of a com-
mercial software product. However, & is continually
evolving to user comments. Copies and
upgrades of MacSHAPA can be obtained from
CSERIAC at Wright-Patterson Air Force Base. For
moce information about MacSHAPA and 1o obtain a
copy of MacSHAPA, cortact CSERIAC through one
of the foilowing routes.

fCSERIAC Program Office

ALUCFH/CSERIAC Pulding 248, 2255 H Street

Wright-Pattersoa AFB OH 45433-7022

Tel: 1 (513) 255-4842}

Altenatively, you can contact CSERIAC's techni-
czl transfer specialist, Mr. Curis Sharbaugh, at:
csharbeugh@falcon.aamrl. wpafb.afmil

NOTES

QuicKeyvs® is a registered trademark of CE Soft-
ware, Inc. Video ToclKit™ is a trademark of Abbate
Video, Inc. Video Monitor™ is & trademark of Apple
Computes, Inc.
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AVIATION TOPIC - SPEECH ACT TAXONOMY PC (ATSAT)
O. Yeronika Prinzo
Federal Aviation Administration
Civil Aeromedical institute

The Aviation Topics Speech Acts Taxocnomy
(ATSAT) is a tool for categorizing pilot/controller
communications according to their purpose and for
fabeling communication errors. What makes the
ATSAT different from other taxonomies is that FAA
Air Traxfic Control Order 7110.65 sered to guide #ts
development. Specifically, verbal communications
that deviate from the standards specified in FAA Or-
der 7110.65G (or suggested pilot communication in
the Airman’s Information Manual) can be identified
and labeled, using the error codes provided in the
ATSAT.

We have used the ATSAT to identify, classify, and
code communication errors made by controllers and
pilots during day to day field operations. We currently
afe investigating the effects that poorly constructed
pilot messages transmaitted during Lght and heavy traf-
fic have on controller verbal communications and per-
formance. The ATSAT will be used to identify,
classify, and grade controller responses. By using the
same pracedures and tool o analyze communications,
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direct comparisons between controller phraseology us-
age in the field and during simulation can be made.
ATSATpC is a2 mouse-operated, Windows-based

computer program. It is written in Visual Basic and
requires SPSS for date znalysis. ATSATpe consists
of 5 main menus:

File Information Menu

Transmission Identification Menu

Speech Act Category Menu

Aviation Topic Menu

Communications Erroc Mcau

File Information Menn

The file information menu is used to select the tran-
scription text file to open foe data coding. Any ASCII
text file with & .CMM extension can be analyzed. As
shown in Figure 1, a 3-digit facility and sector code
and a 2-digit controtier code are typed into the appro-
priate box by the coder. After the enter button has
been pressed, the program generates a window simi-
lar to Figure 2.

! PRACTICE.CMM ’ g

TR LT CA N R e, el L Y s el AL, 1.7 W*w*_‘-u-‘m =

FTGURE 1: Flle Infmmn Menu
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FIGURE 2: Window displaying input and output file nsmes.
As shown in Figure 3, the ATSATpc creates 2 files: A text fie that contding any key entries and general
comments made by the coder, and a tab- dalineated spresdsheet of the data set that can be exported tc SPSS for

statistical snalysis. The original transcription text file is keft unchanged by the program. Once the Enter button
is pressed, the next menu is displayed with the contents of line 1 of the transcription file.

"00:15 ATC Carrier Mwo-ninety. roger. cleared visual
three one left.

FIGURE 3: Transmission Identification Menu

06
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Traosmission Idectification Menea,

At the Transmission Identification menw, cech transmission is tagged with who generated the message
and the inteaded recipient. The coder will identify the speaker and receiver of the ransmissioa displayed in the
dislogue box. The coder highlights the communication eiement in the trensmission that corresponds with the
word label “time,” “speaker,” or “receiver,” places the cursor or that word label, and then double clicks the
mouse button. The highlighted information is copied directly into the box beneath the word label and entered
dircctly oato the spreadsheet. Pressing the continue button takes the coder to the Speech Act Category menu
presented in Figure 4. Sclecting the next transmission button causes the oext transmission to 2ppear in the
dialogue box.

v

three cae lett.

FIGURE 4: Speech Act Category Menu

Speech Act Category Mena.

The speech act category menu allows ihe coder io select and Iabel 2 communication element by its purpose
(what). A speech act is a single utterance which sugpests an action. The speech act menu includes Address,
Courtesy, Instruction, Advisory, Request, and Noa-Codabie. The Address is the who of the transmissiorn. It
references either an aircrafl or the air traffic control faciiity position/sector. In addition to showing s level
of respect, a Courtesy often signals the end of a dialogue between the air traffic controller and the piiot in
muck the same way that a good-bye signals the end of a telephone conversation, The Instruction, Advisory, and
Reguest speech act categorics represent what the communication element in the messape is about - the action to
be und;:nakcn. They represent the “do something™ “tell something™ 2nd “ask something™ of an uiterance. For
example:

“Carrier two-ninety, roger, cleared visual three one left™ contains three speech scts: Address - Camier two
ninety; Instruction - roger, Instruction - cleared visual three one Ieft.

{4



FIGURE §: Aviation Topic Meau

Aviation Topic Menu.

The Aviation Topic places a constraint on the communication element by imposing a restriction on its
identified speech act category (who, what). For example, there are only 2 types of aviation topics listed under
the Address speech act category. There only can be 1 speaker and | receiver of a transmission. There are 3 tvpes
of aviation topics listed in the Courtesy speech act category: Thanks, Greetings, and Apology. The types of
aviation topics listed in the Instruction, Advisory, and Request speech act categories are not exhaustive hat
represent the most frequently uttered messages that we heard from field tapes. The exampie of the earlier
transmission has been embellished to include the types of zviation fopics:

“Carrier two-ninety, roger, cleared visual three one left™ contains three aviation topics: Address [Receiver]
- Carrier two ninety; Instruction {Genl Ack] - roger, Instruction [App.Dep ] - clearcd visual three one Jefl.

As displayed in Figure 5, there are 11 different aviation topics that sre listed for the Instruction speech act in
the example, the coder would have selected the speech act Instruction and thep the meou displaved in Figure §
would have appeared. The coder would select the aviation topic that represented the communication element
and then decide if 2 communication error was present. If the coder indicates that an esror is present then the
mena dispiayved in Figure 6§ wouid appear, otherwise the speech act inenu appears.

Cemmunications Error Mens.

The Communication Error menu is used by the coder to grade the contents of the communication element
and labe! the detected message content errors and the delivery technique efrors. The types of messags content
errors are grouped, sequential, omission, substitution, transposition, excessive verbiage, and partiai readback.
The exampie of the earlier transmission has deen embellished to include the identified communication esrors:

“Carricr two-ninety, roger, cleared visual three one (o™ contains one communication error: Address {Re-
seiver] - Carrier two ninety: Instruction [Genl Ack] - roger, instruction [App./Dep.0] - cleared visual three one left.
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B 83:15 ATC Carrler dwe-ninety, roger, clezred visse!

three one et

FIGURE §: Communication Ervor Menu

Correct phraseoiogy for the spproach clearance is ... clesred visual gpproack rigway three cne ieft ™ Fail-
ure to include the words “spproach™ and “runway™ as part of the clearance as required in the FAA Air Traffic
Controt Order 71 10.65 results in nonstandard phraseology. The example is coded as an omission error.

The ATSATpc is a tool that uses the FAA Air Traffic Coatrol Order 7110.65 to grade air traffic control
and pilot communications. By using the same phirescology that controilers are required t use when spesking to
pilots 25 the metric to grade their actual messages, the likelihood of comparing spples to oranges is
eliminated. Subseguent analyses can determine where deficiencies occur and recommendztions made to
correct any carslessness on the part of the spesker. On the other hand, it may be that @a spite of the spesker’s
best efforts to comply with FAA Air Traffic Control Order 71 18.65, changes to the standard phraseokgy are
warranted.

ice



APPENDIX A

DISCOURSE PROCESSES

Anatomy of 5 System Accidest: The Crosh of Avianca Flight 052 A3
Robert L. Helmreich

Communication Resezrch in Aviation and Space Operations: Symptoms and Strategies of

Crew Coordingtion A-23
Barbara G. Kanki

Collabaration in Countrolier-Pilot Communication A-29
Daniel Morrow

Microceding of Commuzications in Accidernt Investigation: Crew Coordination ix United
$11 and Uaited 232 A-45
Steven C. Predmore

A Coding Form for Approach Coatrol/Pilot Voice Communications. A-S1
0. Veronika Prinzo

Activity Catalog Tool (A.C.T.) v2.6 User Manual A-T?
Leon D. Segal & Anthony D. Andre

The Maiz Directions of CVR Dats Analysis During the AccidentTacident Iavestigation ... A-183
AS. Belan

Editor’s Note:

The manausctipts contained in this appendix are reprinted with writien permission from the aunthors and
publishers. We thank them for their help and support in making this report a more comprenensive repositony
of the methods and metrics used in voice communications.
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{nternational fournal of Aviation Psychoiogy, Yol. 4 Helmreich, R L, Asatomy of & sysem accident The crash of
Aviencs Flight 052, pp. 265-284, (1984}, with kind permission from Lawrenace Eribaum Associates. Inc.

Anatomy of a System Accident:
The Crash of Avianca Flight 052

Robert L. Helmreich

The University of Texas ot Austin

On Januvary 25, 1990, Avianca Flight 052 creshed afler running out of fuel
following a missed approach 1o New York's Jokn F Kennedy Airport. Weather
wzs poor of the Epst Comst of the Usited States that day, and the fhght had
experieaced several holding patterns entoute from Medellin, Colombia. to New
York. The sccident is saaivzed in terms of Helmreich and Poushee’s {1993)
mode! of crew pesformance aad Reason's {1990) mode! of latent pathogens in
system operations.

Although there is general consensus that flight crew behavior is implicated
iec more than two thirds of all zir iransport accidenis 2ad incidents
{Belmereich & Foushee 1963), it is alsn clear that pilot error is seldom the
sale cause of an accident. This is borse out by the findings of the Canadian
Commission of Inquiry into the Air Ontario crash &t Dryden, Ontario, the
most exhaustive investigation ever conducted into a single crash {Helmreich.
1992; Moshaasky, 1992). What ceemed to be 2 simple case of a tragically
flawed pilot decision to take off with ice on the wings was shown sfter 3
years of investigation 2nd more than 163 days of tesiimony to be 2 system
accident to which regulstory, organizationsl, eavironmenisi, grovp. 2ad in-
dividual factors contrituted.

Although the U.S. National Transporiation Safety Board INTSB) does 2
commendable job of investigation, it seldom if ever has the resources to
mount the kiad of inguiry conducizd by the Canadian Commission. The
NTSB report on the Avianca Flight 052 {AV0S2) accigeat pinpeinted a
nummber of factors {inckuding crew performance) that contributed to the crash
{(NTSB, 19%12). However, 2 aumber of additional pieces of evidence were
gncovered in the ccurse of ligation between the aitline and the U8, Gov-

Roywests foe sopmints shasld he tons 10 Roben L Eimrowh, Ipanacnt of Pathelens
Touna sty of Toxas, Aoute TE TRFL2



268  HELMREICH

ernment Our anticle appeoaches the accident from a sysiem znd group
perspective and utilizes severp! methodologies to attempt to explain the
multipie causal factors a2 play on the night of lanuary 25, 1990 The analysis
was guided by Reasorn’s {1990) notions of latent falures and resident patho-
RETS in COIMDICL SYSICIRS.

MODELS OF FLIGHT CREW PEFFORMARCE

The model of crew performance proposed by Helmreich and Fousher 11593
was adupled fSom a more general mode! developed by McGrath (1964 The
mode] identifies mput factors that are present at the zitiztion of a flighi,
prucess Frotors that reflect the interpersonal and iechnical snactment of
group tasks, and odtcome faciors that define multipie dimensions of succesy
or iailurs on tasks undertaken. Critica! 1o the mode! is the notion of feedback
fvops among the faclors. Process factors influence not only oulcomes but
mputs o subsegquent performance. and intermediate and fimal outcems
influence presznt and future procssses and iaputs. lapei fartors tuchude
snanonat and organizational cultures and norms: organizationsi resources and
pracuces, including training, sepport. and mamterance, eavuonments! as-
pevts. including weather, group structure, and composition: and individual
characieristics. including personality, motivation, aitstudes. and aptitude.
Reason’s (19906) concepts of iatent failures and resident pathogens relak
primarily o the input factors that define the operationel sbel! within which
group processes occur, zithough they can 2luo influence grou)p processes
« varrety of ways.

METRQD

Three methods were employed lo analyze the individual, group. awd system
aspects of this accident. The first method involved 2 review of documents
omd depasitions gencrated during the discovery phase of hitigation These
gave 2 picture of the orgamizations! cuiture and practices, including the
waming of flight crows, dispaich practices, and maintenance These daiz
Jefined input factors that were potential influences on group processes of the
thight crew.

The second method involved assessment of crew dehaviors in terms of
behavioral marke:ss that were dexeioped as part of the aulhor's and his
volicagues’ research iato the evaiuatian of crew performance. The Avianda
cisw was coded on the presence, absence, and valence of 32 sped;fic behay-
s, these data were compared with those of other accidents that have been
-aalyzed using this approach

The third method 1nvolved creating 2 duta base of crew, air traffic contrad
CATCY and ether acrall communseztions Al vommunicatinms Lom NTIR
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and Federal Aviation Administration (FAA) transcripts and the cockpit voics
recorder (CVR) were broken into single utterances and put into the database.
Each uiterance was coded in terms of speech form (i.e.. inguiry, observation,
commaad, etc.} and classified ia terms of content into Action Decision
Sequences (ADS). The ADS is defined as all communications surrounding 2
particular course of action or situation (e.g., meking an approach or evaluat-
ing fuel status). This analytic system described 25 microcoding was refined
by Predmore {1991, 1993) and employed by himm in the analysis of crew
behavior in two Urited Airdines accidents and 2 number of experimental
simulations.

SYNOPSIS oF Trie ACCIDENT FLIGHT

AV(32, 3 Boeing 707, crashed at 2134 EST on January 25, 1990, in « wooded
residential acea on Long island while maneuvering for 2 second approzch to
New York's John F. Kennedy {JFK)} airpor?. I was a scheduled flight from
Medellin, Colombis. Of the 158 persons aboard, 73 were fatally injured.

Weather conditions were poor on the Eastern seaboard sad the .iight was
placed in hoiding three fimes by ATC for a total of § b, 17 min. While in the
third holding pattern, the crew reported that they could no? hold longer than
5 min and that they could sot reach their scheduled eRemate, Boston. On
being clazred to JFK after this interchange. the crew cxecoted a missed
approacn. While trying w0 retura o the field, the zirplanc experienced & loss
of power to all Tour engines 35 a result of fuel cxhaustion and crashed
spproximately 16 miles from JFK

RESULTS: ORGANIZATIONAL AND
SYSTEM FACTORS

Avianca Managsment

Dispaich. The dispatching of the flight was deficient in 2 aumber of
ways. The weather repernt provided to the crew was 9 hr oid when the aireraft
et Medellin. The dispatcher invelved sated that aircraft were dispatched to
Naw York withowt consideration of weather conditions. He also reported that
Boston was always used as the ziternate for New York. even if the weather
was below minima The company's Own report on the accident described the
state of dispatching in the organization:

This chapeer necessarily deals with the lack of real flight dispachers :n the
company 2 the Ume of the acsident. Only 3 Sispatchers were truly gualified as

such The rest of the personnet was & group of persons beitcr categorized a8
hatorcers Iackanp the hark proumed e D s s Bspaichors Thes situation os
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the case throughont all the Avianca basss in the country This condition should,
of conrse, be supervised by the Office of the Director of Flight Operations, but
w fact & was oot done, 2nd this siuation was atlowed 1o prevail for 2 long ume
in the coaditios previously duscrided,

Medellin Fight Duispaicker for AVE57 This person was bat qualified zs a
dispatcher and for that reasoe he coukd mot adequaiely pive the assistance
aceded by the crew of AVDS2, since he was unawre of & serics of requirements
that the flight should Bave met, which were a0t discussed with the crew
Likewise, the weather information was not brouzht up 10 date because seither
his plison ror the Bogotd dispsichers requested the new information thai
affected the fhight ad which would hawe prowidad the crew wite 2 precise and
moze organized plan for the flight (AVGI47192)

With regard 10 the Operations Office supervision of dispatch, the report went
oR 10 state:

This office did not furnish the uwo 1o date weather information needed to begin
of plan the flight, sither in Bogotd or Medeliin, This factor was duve to that
stafl’s ignorance of the pertinemt regulstions i the time of the accident. because
R tid not kave the requited preparation of iraining 1o act @5 3 duly qualified
flipht dispatcher. { AVOE3S)

Flight operations and fiight training. A summary of the status of op-
erations at Avianca is found in the company's investigation of the accident:

Abput 1960, the company introduced the B-707 and 320C1,] sobseguently the
8-727, the B-737, the B-T47. and Hnally soday the B-757. For this aircraflt and
this type of operation. 30 Ixz a3 &3 flight operations depantment wis concersed,
the company seicined the same operatices maxeyl from 1the oonventional zir-
behind in the updating of the same menuoal, which it mol consisient 21 the
present time with the airfine operations that the company carries ot today. In
other woits, the company does not heve an airline policy for its operations that
is defined By the company itself, 204 this permits improvisation i operations
with ihe conssquent declive ia 22r safery. Proof of 1ais is how only afler the
xcident involving AVOS2 in New York on January 25, 1990, some policies o
be followed with regard 1o flight sperstions are just being worked ot
[AYO24786.787}

Flight mancals availabie 1o B-707 crews were obsolete and did not include
Boeing safety bulietins regarding minimum fuel. At this time, Avianca did
aX provide srewmembers with initial ot recurrent training is Crew Resource

e __

‘Referencec deled "AY™ refer o wdenitfication ausmbers of documeatacy cvidesce fof
hngatiee m U S fodorst courts
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Management (CRM). Pilots recelveu only a single simulator period during
the course of a year.

Minutes of the airline’s Committee on Air Safety show recognition of
deficiencies in training through the following comments:

The Chief of the Committee emphesized the need to improve land-based train-
ing for crew members, and two picrosals wene pui forward: (&) Close escope
jAvianca's fught training establishment] and provide land-based tniping
through accredited training schools: {b) Improve escope by means of additional
capital and 2 reorganization, since its aewes? training tools are 17 years old and
the staff resources are extremely fimited. (AVO23387)

The internal repont of the accident investigation further pinpoints:

... lack of a definite policy o Aviancz air pperaticas on the part of the
Office of the ¥ice President of Operations and the Office of the Director of
Operations, on which the crew could have relied 10 gei aa evaluntion of iis
operation en route 10 New Yotk This would have made it possibie to have a
route profile for the fight in guestion, with the company's specific recom-
mendations for its completion by the crew umdsr various circymstances and
evenis, which would have served as their guide for conducting the flight
with the variows operating alternatives most suitable (o the company and the
crew. (AV02482)

Two bulletins issued in 1985 indicated a continting problem wicth adher-
ence to safety related procedures at Avianca. The first, from the Director of
Flight Training. addressed the fact that checklists were not being completed
properly:

K a3 come o my aitention Hirough severs! soorces, oae of them by 3 specisd
written repon from the Boeing instructors who recently wers bere, ia which
they compiained, and ather reports agreed. that checklists were aot beng rrad.
As you weli Inow this omission shows carsiessness on the paet of the Captain
or Co-pilot and Engineer since not reading the checklist or doing it from
memory is the mosi serices iafraction that crewmembers, oF member. can
comsmit.

For this reason ot me pot this in the form of an grder, the reading (not
memoary) of the Check Lists. This office wiil use every means of control for the
accurate fulfiliment of this strics order, wish disciplinary actions for those who
fail to comply. (AVO18667)

The CVR trzascript indicates that the crew did not compleie the B-707
Normsa! Checklist for Landing correcily. Thus, the informal, operationat
culture apparently did not reflect the orpanizaticn’s stated concerns.

The second bulletin was issued by the Colombian Deparimeant of Civil
Aeronagtics. It was distributed to Avianca pilols and stated:

A-T
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This curcuiar has as its object 10 CARRY OUT GUARANTEES OF FLIGHT
SAFETY, reminding the proper emplorees of radistelephone procedares which
are being done incosrectiy by some crewmembers. THE USE OF NON STAN-
DARD PHRASEQLOGY can csuse misunderstending; inciklents and accidents
have happened in which this has been a contributing factor. coafusion caused
by POOR PHRASECLOGY. (AVD]8624)

Information regarding the state of training and operations at Avianca is
found in the wranscaipt ard recordings of & confereace on humaa factors ang
CRM conducted for Avianca persaanel. The coaference provided ¢ review of
critical issues in CRM sad discussed them in the context of accideats at
Avianca:

Finally. in our compaay the fast four j&t plame sccidents (Barrsnquilia,
Cucuta, Madrid. and New York). had 16 do with airplancs in perfect flight
coadition, aitcrew without physical limitations snd coasidered of average o7
above average flight ability and siili the sccidents dappened. . .. which
leads us 1o delieve that the possibie causes were. lack of decision making
at: ity (or inadequate adbitity in this regerd), the fack of coordination ia the
cockpit. the lack of command, leadership, communicationa, of tezmwork.
This suggests that traditional iraining is not focused toward these areas. The
errors involved in the majority of accidents are caused by the failure of ait
crewmembers 10 make use of all available resources. Therefere (naining
must cover these acw needs to teach crewmembers the correct way to
operate 2s a flight team. (AVO20886)

Later in the conference, the discussion focused on communications skills
as an cssential means of maintaining situations] awareness; this was identi-
fied &s & prodiem in three Aviancs secidents, iaciuding AVCS2:

Commenications Skitl. A flighicrew spends much of the fime communicating.
This is the most essentizl factar for good pesfermance in the cockpit. I commy-
RiCM108 amotg crewmembers is ¢ffective, performance in the cockpit will be
smproved and the crew Cia reach and maiatrin a2 high level of situational
awareness. If the commanication is pot effective, mistakes and ervoneous intes-
presations will occur and situations! awarencss will be Jost The coeseguences
can be serious and frequently disastrous. foc exampic. 747 in Madnid, 1716 at
Cucuia, 2016 @ JFX. (AVO10518)

Later discussion returped to the Aviance B-747 crash is Madrid, which
involved warnings from the Ground Proximity Warning System (GPWS) 2nd
ineffective communication by the first officer to make the captain aware of
the dangereus situation they were in:

Madnd Avizacs. The co-piiot [sic] was night, dut they died because the caplain
kept on beheviag ia Jus faise situstion:! swareness. When the co-pilot 2sked
questions, his implied supgestions wen very weak The captain's reply was to
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ignore him totaily. Perheps the co-pitot did ank wani j0 appear reballions,
questioning the judgment of the caplain, or he di6 not want 10 play the fool
because be kaew that the pilot had & great deal of experience flying in thet ares.
The co-pilot shouid bave zdvocated for kit own opisioas in 8 stronger way,
giving chies w the pilol s0 de could realize that his situational swareness was
low. [AVO2052 1)

AMainterance. The captain accepted (or was subily pressured by organ-
izationa! norms %0 accept) an aircraft that had seversl maintenance deficien-
cies. The autopilot was not working and hed a numbder of maintezance
write-ups ia the preceding menth. On the day of the accident, this necessi-
tated hand-flying, with an associsted increase in workload. fatigue, and
stress. The day before the crash, the malfunctioning sutopilot had been
described in a jogbook write-up 28 “sbnormal 2ad dangerous™ by the second
officer of AVGS52. Ancther write-up that moath had asked for investigation of
the “implications of a flight of avore thaa two hours with an aysopilot that is
inoperative.”

Maintenance standards are caplured in the company's report oa the
accident:

A. According 10 snalysis in the NTSB laboratory, the flight dasts recorder
was found inoperative due to corrosion aad incorrect instatlation of the
magazine or recording tape. This situation prevented the investigation from
having the clement of proof regardiag the flight parameters of the HR2016.
This condition reflected the lack of strict adherence to the maintenance
schedule of this type of equipment.

B. The presence of a decaying cardboerd box inside ore of the fuel tanks
also reflected a situatoa of neglect on the part of those respoasibie for these
{fuel) systems and for their cleanliness, so necessary for any aitlire in its
operntions. (AV024812)

It cannot be ascertained whether the arganizatios routinely feeced capiains
o accepe deficient aircraft or whether the captain simply failed to be con-
ceraed with the maintenance problems of the airplane.

ATC

§t is evident that ATC did not realize the sevesity of AV0S52’s foel state ard
hence did not treat the fiight as being in an emergency. Three air traffic
controllers who handled the Qlight testified that they did not perceive a erisis
sboard AV(S2 when the first officer made reference to the aircraR’s fuel
state.

It is clear from review of ATC transcripts of communications oa frequen-
cies assigned the flight that there was a great deal of iaformation zbout
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lengthy holds, pessible wind shear, poor visibility, and flights diverting to
alteenates on the party line.?

ATC assumed from the crew’s communication between 2044 and 2047
that, if cleared from the holding pattern within 5 min, AV052 coulid proceed
with routine handling. The flight received the service it requested. The
controlier aiso had the expectation that if the service delivered was aot as
expected and desired. the crew would speak up aad make its status, prefes-
eaces, and inteations knowa to subsequent controllers——which it did not do.
The crew’s disregard for FAA, Avianca, and [ateraationa Civil Air Organi-
zation procedurcs, shown in their failure to declare an emergency and to
make its intentions known, diminished any sense of urgency on the part of
ATC.

The crew could have recognized that they were being given routine radar
service 10 place them in sequence with other aircraft oa approsch to JFK
from the ATC party line, from the vectars they were given, and from their
own distance measuring equipmens. it was afso apparent from this informa-
tion that they were not being given direes routing to JFK and were not being
placed ahead of other aircraft. The priority requested and granted was in
departing the CAMRN holding pattern. The crew could have obtained direct
routing into JFK by rejecting the clesrance thal was delivered.

Additional information regarding the routine treatment of the flight was
available from the vectors issued by ATC, which took the aircraft away from
the approach. Again, the crew could have rejected this clearance and de-
clared the need to land immedistely under emergency coaditions.

In addition to the failure to use required, standard terminology to commu-
ricate flight status, the information regarding fuel state and the need for
“priorily” was communicated in an ofthend maaner. This, combined with the
firs1 officer’s gxceilent, unsccsned Baglish and the monoione voice with
which the information was transmitted, misled controllers.

Table 1 shows communications from AV0S2 to ATC that deal specifically
with the status of the fligut. Examination of these uttzrances, which were
issued to four different coatrollers, gives an indication of why ATC per-
ceived transactions with the flight to be of a rowtine aature. There was an
inquiry about the stztus of Bostor and a follow-up to this query at 2005:37.
There were no further communicuations regarding status watil four transmis-
sions between 2044 and 2047. Thers were no further transmissioas regarding
airerafl statys from AVGS2 until 2124, a period of 32 mia dering which po
effort vas made to update ATC regarding the situation. None of these
communications made clear the fuel situation of the flight, stated inteniioss.
or offered alternatives to ATC. A number of the communicaticns are phrased
in a tentative manner rather than as statements of necessity or urgency. For
example, the communication at 2044:50 states *. .. WELL | THINK WE

Ipurry e rofers 0 (22 INIoFRONGE t 0 ehminss by AEDaTing CoMEDNETRS DRTOUSR
ATC a=d othet sircrafl” oa Swe soue radic Froqueacy
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TABLE 1
Avianca Flight 052 Communications 10 ATC Regerteng Flght Status

Communications 10 ATC Regarding Swwims Prige 1o Missed Appreach
Time To Levance

00326 RS9  YOU HAVE ANY INFGRMATION ABOUT DELAYS AT BOSTON

200537 RS9 DID YOU ASK ABOUT ANY DELAY UH, AT BOSTON OR ARE WE
GOING TO APPROACH TO KENNEDY

206430 RS?  ZERO TWO ZERO FIVE ARMNH WELL | THINK WE NEED
PRIORITY WERE PASSING (unimeRigibie).

200503 RE?  YES IR AH WELL BE ABLE TO HOLD AROUT FIVE MINUTES

THAT'S ALL WE CAN DO.

A044:13  ReY OH WE SAID BOSTON BUT AH [T IS AH FULL OF TRAFFKC |
THINK.

045:H R67 IT WAS BOSTON BUT WE WE CANT DO IT NOW WE, WE. DONT.
WE RUN OUT OF FUEL NOQW.

2046:24--2124:07: No commmusications repardiag smess
Canvvamicetions 10 ATC Megarding Soames Afer Missed Approach

2i24:67 TWR  THATS RIGHT TO ONE EIGHMT ZERO ON THE HEADING AND AH
WELL TRY ONCE AGAIN, WERE kKUNNINS OUT OF FUEL.

212507 FV CULIMB AND MAINTAIN THREE THOUSAND AND UH WERE
RUNNING OUT OF RUEL SIR.

54t FV 1 GUESS SO THANK YOU VERY MUCH.

21300 FV AH NEGATIVE SIR WE WERE JUST RUNNING OUT OF FUL WE
OKAY THREE THOUSAND NOW WE COULD.

21381 FV AVIANCA ZERC FIVE TWO WE JUST AR LOST TWO ENGINES

AND WE NEED PRIORITY PLEASE.
Moz, R0, RE7 = racler controliers. TWR = JFK coatrol wowar, FV = finzl vecice comstroller

NEED PRIORITY ...~ Later, with regard to their alternae, AVQS2 sistes
that“. . . AHITISAHFULLOF TRAFFICITHINK ... " {tcan also be scen
thet statements cegarding the sitsation are appended to other communica-
tions ip several cases racher than appesring as single messages. For example,
at 2124:07, . .. AR WE'LL. TRY ONCE AGAIN, WE'RE RUNNING OUT
OF FUEL ....” aad at 2125:07, “.. . CLIMB AND MAINTAIN THREE
THOUSAND AND UH WE'RE RUNNING GUTOFFUELSIR ... ,"and 50
forth.

Group Processes and Craw Sehavior

The human factors of flight crew performance have come to be classified
under the iabel of CRM (Helmreich & Foushee, 1993). Appropriate CRM is
defined 2s the utilization of all available resources, which includes other
crewmembers: manuals and vther documentatica: dispaich, flight service
stations wnd {light-following seivices; snd ATC and the ATC panty line. Crew
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behaviors associated with effective flighideck management iaclude {a) icad-
ership 2nd task orientavion, (b) team formation and maintenance. (<) acqui-
sition and exchange of appropristc information, (d) problem solving. (¢)
decision making. and (f) maintaining situational awareness.

The AVOS2 Crew

As an cxample of an wctive failure, the crew disregaided Avianca and FAA
procedures by failing to give a minimum fuel advisory. Even though their
situstion was becoming increasingly serious, the crew failed 10 follaw stan-
dard procedures, including the declaravion of an emergency. lo ensure a
prompt landing with adequate reserve fuel.

As meationed in the preceding section, communications on frequencies
monitored by AV0S2 showed that there was a great deal of information
available oa flights holding aud diversions because of fuel state. Ye! during
the time periad covered by the CVR. there was no discussion among the crew
regarding alternative courses of action, such as selecting 2 new alternate and
diverting. In addition, therc was re discussion of actions to be taken in the
event of encountering reported wind shear or of what should be done in the
case of a missed approach at JFK.

External resources such 3s dispatch services or the Miami Flight Service
Station were not employed 0 obiain current tnformation on weathes, delays,
or availeble alternates. At 2044 EST, when mentioa was first made of & aced
for “priority,” the situaiion was already critical. The crew was certainly
aware that in the event that JFK should close of 2 missed approach shouekd be
necessary, their fuzl state wouid be criticat and could result in a crash.

During the pericd of time covered by the CVR, there were few ia-
racockpit coramunications regarding the worsening fuel stzte. None of the
sparse communications associated with fuel state included a discussion of
actual status or addressed costingency plasning.

Behavioral markers of crew performance. Treascripis of 10 aircrafi
accidents were reviewed by expert raters to determine whether the behav-
iorai markers that are used to evaluate crew performance in fine operations
and simulatiors could be cvaluated from CVR records taken under emes-
sency conditions.” Each of the markers represents a behavios found to be
positively associated with effective crew performasce {e.g.. Helmreich &
Foushee, 1993; Helmreich, Wilhelm, Kello, Taggart, & Butler,1991). These
accidents included AV052 as well as several other crashes {e.g., Uniteé
Aiclines Flights 232 and 811; NTSB. 1990b; 1990c) where the crew's perfor-

The behavioral markers are proscated in detail i FAA Advisery Circular 120-5ta. €7e™
Rerewrie Marapeser? iWashington, I Aathors
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mance was deemed to be exemplary by the NTSB [Jones. 1993). A coding
system was employed in which each of the 52 markess was assigned a score
of 1 (present). -1 (acsent or ineffeciive}. ot O (inapplicable or indetermi-
nate). These ratings were summed, with a possible range of 32 o -32.
Results of the summed coding are showe in Figure 1. Comparison of sum
scores for accidents where crew performarce was seen &s effective and those
where human factois deficiencies were noted yields a highly significant ¢
test, {7) = 7.9, p < .001. The AV0S2 crew had a score of —38, indicating very
insffective use of human factors concepts.

The microcoding of crew communications from the CVR defined six
action decision sequerces (ADSs) that were or should have been present in
the verbal exchanges in the cockpit. Table 2 lists those specified for AVOS2.
Figure 2 shows the number of communications associated with each of the
ADSs defined for the flight.

What is most sigaificant about this breakdown of communications is the
low percentage addressed to the critical problem of fuel state. Only 19
utterances were made on this topic during the period of more thza 30 min
covered by the CVR. Egually notable is the complete abseace of communi-
cations to the cabin regarding preparations {or a possible emergency landing
o crash.

Overall, the total amount of communication within the cockpit was very
low. In his analysis of cffective craws in extreme emergencies, Predmore
(1991; £993) found high levels of information exchange (ranging from about
20 utterances per min during routine operations to averages over 35 per min,
with a peak of up to §0 per min during the United 232 accident at Sioux City,
[A; NTSB, 1991a). This crew was not exchangiag critical information on
flight status and on possible courses of sction. Figure 3 shows the distribu-
tion of communicition asross time.

It can be seea that Jittle attention was peid to the worsening fuei state aad

much of thet was followiag the missed approach when the flight's situation
W3S iR extremis.

Captain. The captain’s behavior reflecied reactive rather than proac-
tive leadership. External resources such g5 updated weaiher from Bogold,
dispatch services, and various flightwatch services were aot utilized, al-

TABLE 2
Dedinition 5! Action Decision Soquances i Avianca Fbgit 052

tuitel approoch © SFK

Fuel suse’comingeacies

Missd approsch

Gader. prepacanon
Westherholdng
Nompcrsihaal commyai:ations
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APROACH (300) 64.5%
NON OPERATIONAL (5) 11%

WEATHER/HOLDING (19) 41

H

FUEL STATE (39) 84%

CABIN PREP (0) 00% o MESSED APPROACH {102) 21.9%

FIGURE 2 Distribwlion of achox dezision seqeences in Aviancs Flight 052
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though seeking current information was routinely expected of crews flying
to the United States from Colombia. The captain slso failed to utilize internal
resources in the form of the other crewmembers tc help in situation assess-
ment 2ad planning. He failed 1o discuss contingercies in the event of wind
shear of & missed approack at JFK and did not communicate his overall
intentions to the other crewinembers. Faiiure 0 alert the cabin 1o the possi-
bility of a crash landing is a further indication of 2 lack of leadership.

Examination of cockpit communications provides data on the capiaia’s
management of the cockpit. Jaguiry {or seeking iaformation from oﬁ?er
crewmembers) regarding current status is a mezns of achieving and main-
taining situational awareness. Table 3 lists the captain’s instances of inquiry
and shows that his queries were directed aimost entirely toward Rading out
what ATC was saying and the cutremt configuration of the aircrafi.

TARLE 3
ey by e Captein Rogarcing Currend Slatus

Time Unerence

25448  TWO TWENTY?

21507 HOW MUCH?

W55 TWO TWENTY?

5613 TWO TWENTY, CORRECT?

2056:23 WHAT 5 HE SAYING WIND SHEAR?

2102:5% WHAT HEADING DID YOU SAY TO ME 2ERO FORTY?

2629 WHAT HEADING DO YOU HAVE OVER THERE®

2105:17  WE PASSED ALREADY NG

M THO WHAT?

210539 WHAT HEADING HE PROVIDE US?

WE:52 HEY UNDERSTAND THAT NOSE MUST BE MAINTAINED AS LOW AS
POSSIBLE

2167:56¢ WELL DG YOU WANT SET IT SYMMETRICALLY?

21149 DID YOU ALREADY SELECT FLAPS FOURTEEN NO?

2112:52  HOW MANY MILES IS THAT THING LOCATED?

2120:21  ARE WE CLEARED TO LAND NO?

213320 WHERE 1S THE RUNWAY?

ANI3B THE RUNWAY WHERE IS IT?

2117 WHAT DID HE 3aY?

2124.36 DID YOU TELL BIMY

I125:20 WHAY ZERO FIGHTY?

2i123:28  DID YOU ALREADY ADVISE THAT WE DONT HAVE FUEL?

2126:46  WHAT DID HE SAY?

213078 WHAT HEADING TELL ME>

213050 TELL ME-

251 ARE THE FLAPS AT FOURTEEN"

213036  TELL ME HEADING WHAT

2i31.32  THREE SIXTY NQ?

2i3322  DID YOU SELECT THE 1s™

IS = mirumen indag swetem
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The captain made no eiforts to clarify the overall sitvation or to determine
what actions were needed to accomplish 2 safe fanding. These communica-
tions further indicate that {&) his commard of English was poor. given the
repeated need 10 clarify ATC commusications; and (b} the first officer was
net keeping the capiain fully abreast of ATC communications directed at
AV052 and heard on the party line. As the situation deteriorated, he became
leas aware of commurications surrounding him as shown in Table | and
commented ai 2117:55, “TELL ME THINGS LOUDER—I'M NOT HEAR-
ING THEM."

There were alsc problems with the caplain’s technical performance and
procedures in executing the approach to JFK. He failed to return to the
glideslope after descending below it and being repeatedly advised of his
deviation by the first officer. Flyiag on the giidesiope should have made a
ianding possible, because the runway would have been visibie at decision
height. The caplair aiso faited to react manuaily or verbaily to 1§ repeated
GPWS aleris. Finally, although the fuel state was in extremis at the moment

of the missed approach at JFK, the capizin failed 10 initiaie an immediate
reurn o the ronway for landing.

First officer. The first officer was inexperienced overall and particu-
lacly in: the B-707, with fewer than §0 hr i this aircraft type. He disregarded
the capinin’s ovder to declare 3 foxl emergency. As the aircraft was spproach-
ing JFK, be did not accurately communicsie (o the captain the wind sherr
inforisation given by ATC, and incorrectly reported that the flight was being
given priority. After the go-around, he reported falsely to the caprain that he
had declared an emergency aad later when the captain ordered hitn 1o tell
ATC that *.. . WE DON'T BAVE FUFL..” instead stated st 2125 that “. ..
WE ARE RUNNING OUT OF FUEL SIR.™ At 2125:15, he acknowledged 2
ciimb to 3,000 fi and 2 heading change to 080°. He reported the aititude
change correctly to the captain but indicated that the headiag should be
“iUNDRED AND EIGHT Y™ degrees—a course away from the aisport. The
saptain had apparently heard the heading correctly, because be inquired.
“WHAT ZERO EIGHTY™ at 2123:20. but received agaia the 180" heading
from the first officer. At 2125:29, the firmt officer incorrectly gave the
captain the 180° heading for the third time.

Another caample of 2 failure in communication is found in aa exchange
with ATC and the captain followiag the missed approach. ATC asked about
vectars for retura to JFK as follows: “. .. I'M GUNNA BRING YOU
ABOUT FIFTEEN MILES NORTHEAST AND THEN TURN YOU BACK
ONTO THE APPROACH. IS THAT FINE WITH YOU AND YOUR FURLT
The first officer replied, without coasulting the captain, “I GUESS SC
THANK YOU VERY MUCH.” When he caplain asked what ATC s2id, the

first officer’s reply failed to relay the yuery about fusl stuie, instzad com-
meniing, "THE GUY 1S ANGRY ™
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Second officer.  The sccond officer failed 10 provide the capraia with
continuing information on the wonening fuel staie. The sarviving flight
aticndant testified that the flinht engineer mentioned threc alternates—Bos-
1on, Philadeiphia. and Dulles-——while the sttendant was in the cockpit. Later,
on the first approach to JFK, he read from the manzal's instructions for a
missed approach with minimal fuel abcard. He did not, however, verbally
comnmunicate the urgency of the situatioa and the need to land on the first
approach. Following the missed approach, according to the flight attendant’s
deposition, instead of speaking vp reparding the gravity of the situation. he
indicated the crisis © the flight 2uiendant by pointing o the empiy fuel
gauges and making a gesture representing the cutiing of 2 throat 1o indicate
that the plane was about to crash

IMPLICATIONS AND APPLICATIONS

There is 0o gquestion that the crew’s behavior showed failures in CRM,
adherence to procedures, and techaical performance. However, 1t would be
wrong io stop with the conclusion that pilot ervot caused the accident The
laient failures in the organizaticn— including trairing, operational proce-
dures and manuals, crew pairing, dispatch, and maiatenzncz—Created 2
window uf opportuaity for an acciden! to occur. For example. the crew’s
failure 10 show any reaction to 15 occurrences of the GPWS suggests not
only & failure in vigilance but zlso an crganizatzonal failure to provide
adequate training regarding the use of this criticai warsing system.

Culturei Factois

Behaviors that may seem inexplicable to U.S. aviators, such as the failure to
advocate alternative courses of action to the caplain or to question ATC
instructions, could reflect characteristics of the crew's national culivre.
Hofstede {1980) isoiated four dimeasions of culture in 3 study of work
vaiues in 52 countrics. Three of these seem roievant to this accident: power
distance (PD), individyalism-—celiectivism, zod uncestainty avoidance
{UAV). Cultures that are high in PD perceive large distances betweea sudor-
dinates and leaders and show a reluctence to question the actions and deci-
sions of superiors. Collectivist culieres value ia-group harmony and show 2
rejuctance 5 lake actions that might distupt group relaticas. The third
dimension, UAV, reflects an unwilliagness to changs and 2 need 10 avoid
uncertainty. Colombia scored high in UAV, whereas the United States was
below the median. Merritt {1993} and Merrit: 2ad Helmreich {in press) have
found thai the first two of these three dimensions are feflected in crew
memben’ atlitudes regarding flightdeck management vang data cellected
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with the Cockoit Management Attitudes Questionnaire {Helmreich, Wii-
heloi, & Gregorich, 1991). Colombia, in conirasi with the United States,
scored stroagly collectivist and high in PD.

The ¢rew’s behavior appears more understandable when viewed iz terms
of Hofstede's cuitural dimensions. The higa PD of Colombians couid have
created frustration on the pant of the first officer because the caprain failed
1o show the kind of clear (if not sutoctatic) decision making expacred in
high-PD cultures. The first and second officers may have been walting for
the ceptain 10 make decisions, but still may have been unwilling o pose
alternatives. From the framework of an individualistic culture, {he Control-
lers would have expected the Colombians o declare an emergency and
escalale their demands if their needs were not met. There are three reasons
why they may not have done this. First, there is a natural modesty in
collectivist cultures and an unwillingness to place themselves in front of
others. The crew may have believed that other crews were equally in need of
immediate azention $nd may have been unwiiling o “jump the queus™ by
declaring an emergercy. Second. the first officer may have fzit uncomfor:-
able with the prospect of confroating the captaia with 1t sericusness of the
situation and. hence, may have abbreviated and de-emphasized ATC commu-
nications. Third. in coming from 2 cslture in which group harmony is valued
above individual reeds, there was probably a teadency for the crew 1o
resnsin silent while hoping that the capiain would “szve the day.” Instaaces
have been reported in other collectivist, high-PD cyltures where crews have
chosen 10 die in a crash rather than disrupt groap harmony and suthority and
bring accompanying shame upoa their family and in-group.

High UAY may have piaved a role by locking the crew into one course of
action and preventing discussion of aliernatives and review of the im-
plications of the curren caourse of action. The crew may have preferred 1o
maintain Boston as cheir alternate to the ambiguity of choosing another. High
UAV is associated with a tendency W be inficzide oace a decision has been
made as a means of avoiding the discomfort associated with uncestainty.

Had ATC bdeen aware of cultural norms that ¢an influence crews from
other cultures, they might have communicated more optioas and queried the
crew more fully regarding the flight’s status. Aithough there is no regulatory
requirement for such actions by ATC, training in cultural factors for conirol-
lers who deal with a large number of foreign flights could enhence the safety
of the system.

Al:hough the hypothesis cannot be proved, the possibility that behavior
on that night was dictated in part by norms of zational culture caanot be
dismissed. It ssems likely that national cultvre may have coatributed to
inflexibie decision making, that weak leadersinp may have bezn exacerbated
by 2 normative reiuctance to Question that keadership, and that the need 1o
maintain group harmony may have inhibited crewmembers {rom presenting
their concerns and suggesiions. Finally. mistaken cultural assumplions aris-
ing from the intoraction of two vastly different nutionad cultures way hanve
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prevented effective use of the air walfx system. Johnston (1993}, Memint
{1993} and Merrint and Helmreich (in press) have suggested that North
Amernican approaches to CRM training may ot be applicable in many
cuhures. This raises the important research question of how to measure
sigaiticant cultural differences and how to asdapt training to reflect them
{Merritt & Heimreich, in pressh

When the array of latent failures surrounding this accident is recognized.
it becomes clear that this is & system accident. If wi are to icamn from the
mistakes of the past and prevent similar human-tactors accidents in the
future, it is necessary o look beyond the proximal behavior of crews in
emergencies. Understanding the input factors {including such hroad dimen-
sions as national and orpanizetional culture) that shape group peocess is
esszatial. Only with such knowledge can proactive steps be laker 1o enhance
system safely.

Thz use of systems approaches to CRM waining is becoming widespread.
Anmalyses of accidents and incidents using the approach cmployed hercin
may enhance human-factors training by seasitizing crew members o the
broader context in whicn they operate.
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COMMUNICATION RESEARCH IN AVIATION AND SPACE OPERATIONS:
SYMPTOMS AND STRATEGIES OF CREW CGORDINATION

B. G. Kanki

Research Psychologist,

NASA Ames Research Center, MS 2622
Moffent Field, CA 94035-1000 USA

Abstract. NASA Ames Crew Factors researchers have been developing a mode! of effective crew
coordination in order to better understand the sources of team performance breakdowns, and to
develop effective solutions and interventicns. Because communication is & primary mechanism by
which information is received and twansmitted, and because it is observable behavior, we focus on
these group processes in order to identify patterns of communication that distinguish effective from
ineffective crew performance. Our research objective is to enhance communication practices
through (1) the training of specific communication skills, and (2) the design of equipmeat, tasks,
procedures, and teams that optimize smooth, unambiguous COMMURICAtion Processes.

Twe examples of communication research are described; one in aviation, and on¢ in space
operations. The first example is a simulation study which investigates the effect of flightdeck
automation on crew coordination and communication {contrasting crew performance in the DC-9
vs. MD-88). While overall performance was not significantly different across the two levels of
autornation, we identified verbal and non-verbal communication patterns which point to differeaces
in coordination strategies, and possible shifts in traditional workroles. The second example 1s 2
case study of a recent commercial faunch incident. In this analysis, the erganizational, procedural
and training factors contributing to the breakdown in crew commuaication and coordination are
discussed.

Key words: human factors, crew coordination. communication patterns, Crew Resource
Management, team performance, accident and incident analysis, autemation effects. information
transfer, coordination strategies. :

INTRODUCTION

The day-to-day operators of today's aerospace systems work under increasing pressures 1o
accomplish more with less. They work in complex, high-risk operational systems in which
incidents and accidents have far-reaching and costly conseguences. For these and other reasons,
there is concern that the safety net formerly built upon redundant sysiems and abundant resources
may become overburdened.  Alidough we krow thal human ingenuity can overcome great 0dds.
human nature can also fail in unprediciable ways.

Over the last 20 years, 60-70% of aviation accidents and incidents have implicated human ervor
rather than hardware or envircnmental factors alone (Lautman & Gailimore, 1987). Evidence
provided by the accident investigations of the National Transportation Safety Board and repons
from the Aviation Safety Reporting System (incident dats) have led researchers 1o study this ¢lass
of errors more thoroughly. Geaeraliy speaking, these errors appear rot to be due to a lack of
individual, technical compeiencies, but to the failure of teamns 1o wilize readily availabie resources
or information in a timely fashion. These insights helped motivate 2 training revolution in the
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aviation industry called Crew Resource Management (CRM) and its principles have been widely
incorporated into both civil transport and military training programs in the U.S. and many other
countries {see Wiener, Kanki & Helmreich, 1993).

Communication is a cornerstone in CRM training since crew coerdinalion and resource
management largely depends upon successful information transfer both within flightcrews, and
between flightcrews and the ground control teams that support them. The research 1 shall
describe takes its roots in CRM history, which drew our sttention to communication processes as a
means to discover symptoms of crew coordination problems, as well as strategies of effective crew
management. On the one hand, communication is often the means or the tool by which team
members manage their resources, solve probiems, maintain situationaj awareness and procedural
discipline, and establish a constructive interpersonal climate. Conversely, poor communications
may result in the lack of planning and resource management, loss of vigilance and situational
awareness, non-standard practices, and lack of leadership. These kinds of behaviors are
symploms of crew problems and are often implicated in accidents and incidents.

A prime objective of our research is to make recommendations that enhance team coordination and
communication. In order to easure operational relevance, we must interpret our research findings
within the context of relevant task and environmental conditions, rele and procedural constraints,
and the normal real-time parameters of flight operations. Figure | ilustrates multiple categories of
input factors that can ultimately affect team performance outcomes such as safety and effectiveness.
The process variables in the center box represent the type of behaviors we study {e.g..
communication patterns, managemeat styles. problem solving strategies, e1¢.) in order to better
understand the ways in which crews effectively, or ineffectively handie problem situations.

INPUT VARIABLES GROUP PROCESS OCTCOME
¥ARIABLES VARIABLES

Crew & loserpersanst

Sectal & Orzcaizationsl

Traizing & Intervention Stratepies
/' Managemest
Hevies
Esvirsanestal & Tusk

Figure 1: Conceptual Modzl for Team Performance (adapted from McGrath, 1984)

STUDY 1: AVIATION OPERATIONS

increasingly autornated aircraft has raised the issue of human-centered flightdeck design (see
Billings, 1991), as well as the need to better understand the effects of flightdeck automation on
crew coordination and communicatior. The following study examines these issues by means of a
fuli-mission simulation study contrasting crew performance in the MD-88 vs. DC-9-30 (MD-88 is
the glass cockpit derivative of the DC-9 series aircraft.). Using the conceptual model described
above, this study designates "level of automation™ as the task input variable and defines “team
performance outcomes™ in terms of observer ratings, ervors and self-reported workload measures
{see Figure 2). The group processes investigated were verbal and non-verbal communication
patterns.
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Figure 2: Conceptual Model of the Automation Simulation Study

Overzil performance was not found to be significantly different across the two levels of automation
(relationship "A" in Figure 2). However, MD-88 crews reported slightly higher workload, thus
raising the question of whether MD-88 crews were working harder in order to achieve the same
level of performance. We next investigated the "B" relationship, the 2ffect of autormation on verbal
and non-verbal communication patterns, in order to understand the way in which crews in each
aircrafi type responded to the flight task demands.

;. Communications of 12 DC-9 crews and 10 MD-88 crews were analvzed from the
high fidelity full-mission simulation Each 2-person crew consisted of a captain {CA) and firct
officer (FO) who were active line pilots {from a single airline. Each crew flew a highly realistic
flight scenario in which there was & normai and abnormai phase. The abnormal phase consisted of
compounding facters including a constamt speed drive overheat, weather deterioration. an
unpublished missed approach and holding pattern, and deviation 1o an alternate airport. {Details on
this study may be found in Wiener, Chidester, Kanki, Palmer, Curry, & Gregorich, 1991.)

Following the methodology developed in carlier studies (e.g., Kanki, Greaud-Folk & Irwin,
1991), communications were transcribed from the 22 videotaped simulation flights from “clear to
push” to touchdown, an average of 80 minutes. Communications were organized into speech
units, in real-time sequence, with start and end times noted. After all speech units were coded into
one of 14 speech act categories, they were simplified into 7 categories and re-grouped into 2-part
sequences consisting of initiation speech (4 types) followed by response speech (3 types).
Because either CA or FO could initiate a sequence, there were two possible speaker direcsions for
each initiation-response pair; CA -> FO or FO -> CA. Therefore, for each speaker direction, a
communication matrix could be constructed in which the frequencies and proportions of each
speech type and sequence could be tabuiated. As shown in Figure 3, the four initiation speech
categories were commands, observations. questions and dvsfluencies. The three response
categories were replies, simple acknowledgements and no response.

CA ->» FO Reglies  Ackmevaiedpe- Ne Bew %
Dty Respemce

Commands
T)hem&as
Questians
Dysfioeacies
Columa % sl CA->FO
Speech Sequences

Figure 3: Communicaiion Matrix of Speech Sequences in the Captain to First Officer Direction




From these simple frequeacy matrices, it was found that MD-88 crews produced more total
speech, and in particular, captain questions appeared t0 stand out as a differentiating characteristic.
Therefore, guestions were further coded in terms of (1) their function (seek information vs, verify
information), (2) their topic (system vs. navigation vs. procedure), and (3) the response they
received (coafirm/disconfirm answers vs. information answers vs. no answer)

Results included the following: Compared to DC-9 crews, (1) MD-88 crews had more
information-seeking questions and answers (no differences with respect to verification questions),
(2) MD-88 crews asked more questions on navigation and system topics (no differences on
procedure questions), and (3) MD-88 crews had more questions left unanswered (no difference
with respect to confirm/disconfirm answers). Finally, most of the findings were stronger during
the abnormal phase. These results led us to ask whether the antomation was creating a sitgation in
which information access (on both navigation and systems topics) was less direct or less clear in
the MD-88.

A follow-up study focusing on non-verbal activity was also conducted with this dataset. Because
results were typically stronger during abi:ormal phase, non-verbal control actions were coded
during the 10 minutes following missed approach only. During this period, CA was the pilot
flving while FO was the pilot not flying. Three kinds of behaviors were coded: navigation acuons,
systems actions, and procedure actions. Obviously, much of the MD-88 activity centered around
computer entry. Results from thesc analyses revealed that raditional work roles were maintained
by the DC-9 crews (i.e., CA exhibited more systems actions and FO exhibited more navigation
actions), but the MD-88 crews showed very different patterns. Specifically, CA and FO showed
about the same amount of systems actions. and the CA showed more navigation actions than FO in
spite of the fact that he was aiso the pilot flying. Thus, in addition to the information access issue,
automation appears to affect work management resulting in a shift away from traditional work
roles. While this may be 2 constructive shift (part of a successful crew strategy). any changes in
practices shouid be thorcughly undzrstood so that trzining and procedures are compatible, and that
changes are standardized for all pilots. (Full details are in Kanki, Veinott, Irwin. Jobe, & Wiener,
in prep.)

STUDY 2: SPACE CPERATIONS

A second example of comrunication reszarch is a case study in the space cperations dornain;
namely an analysis of team coordination and communication during a commercial launch incident.
In the final few minutes of countdown, confusion in the control room resuited in the continuation
of the launch of an expendabie launch vehicle in spite of range safety's call for abort. . ..
Misunderstanding of communication channel assignments. . . lack of adequate coordination. . .
and inadequate rehearsal of off-nominal. . . events led to the launch team's failure to properly abort
the mission or rescind the abort call. . . * (McKenna, 1993, June 21, p. 62). Although the launch
and subsequent deployment of satellites were totally successful, and there were no injuries or
damages, the potential for costly consequences was great. The following section of transcript
(Figure 4) cleasly illustrates the breakdown in information transfer during the critical minute before
launch. In short, the call for "Abort™ by the test director {TD) was never successfully
communicated to the test conductor {TC), communicator (COM) and BS?2 pilot.

All speech transmissions from T-3:54 to T+1:31 were coded by time, speaker’s organization and
channel assign-ments, by the response received, and use of standard protocol. A summary of
these data include the following: (1) Of the total 140 speaker transmissions on 4 channels, 53G
were communications within Organization A, 40% were within Organizations B end C, and only
7% transmissions crossed the organizational boundaries betwesn A and (B&C). (2) Cross-
organization communication took piace on channel 4 only and appeared to be successful only in the
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direction of range conirol (RCO) tc the communicator to the aircraft (COM). (3) There was no
cross-organizatonal communication among the principal managers (e.g., test director and test
conductor, TD and TC), nor were there successful cross-organizational cormmunications during the
critical one minute to iaunch shown in Figure 4.

TIME CH1 CH 4 UHF CHi2

-T 56 TD: Abort

T :44 TC -> COM: Abort

-T : 34 RCO <> RSO COM -> BS2: Abort

T 27 RSO <-> RSS 382 > COM: Understand
-T 23 TC -> COM: Negative

T :22 COM -> BS2: Negative on

Abort..Keep poiag
-T :18 RSO <> RSS

T 04 RSC <-> RCO BS52 -> COM: Go for launch
-T 90 RCO: Abort
+T 01 B52 -> COM: Away

Figure 4: Launch Incident Transcript from -T :56 to +T 05

To summarize, it is clear that there was inadequate cross-organizational communication, and this
was highly related to the fact that authority and procedures were unclear, and the use of
communication channels was poorly assigned. in addition. thers was an inconsistent use of
protoco! across Organizations A, B & C. While Organizations B and C were more formal in their
use of callsigns and standard radio phraseology and acknowiedgements, Organization A was
infonna!.g;nd made inconsistent use of callsigns and personal names {for fuller description. see
Kanki, 1993).

In conclusion, our research in both aviation and space operational domains has been directed
toward identifying communication patierns related to performance differences. Understanding the
conditions under which patterns occur, their relationship to organizations and work roles, as well
as optimal timing help us to distinguish between patterns which are symptoms of problems and
those which are strategies for successful problem solution. When such communication practices
are distinguished, our second goal is to develop means of enhancing team performance through
more effective communicaiion practices. Recommendations are made in the areas of team training
and rglar the design of tasks, teams and procedures that optimize crew communication and
cooraination.
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i. Overview

Like cther forms of dialogue, ATC communication is an ast of collaboration between two
or more people. Celiaboration progresses more or less smoothly depending on speaker and
Estener sirategies. For exampie, we have found that the way controliers onganize and deliver
messages influences how easily pilots understand these messagas, which in turn determines
how much time and effort is needed 1o successiully complete the transaction. in this tak, | will
introcuce a collaborative framework for investigating controlisr-pilot communication and then
describe a set of studies that investigaie ATC communication from two complementary
directions. First, we focusad on the impact of ATC massage fectors (8.¢.. length, speech rais) on
the cognitive processes involved in ATC communication. Second, we examined pilot factors that
influence the amount of cognitive rasources available for these communication processes.

These studies also iliustrate how tha esollaborate framewwork can help analyze the impact
of proposed visual data ink systems on ATC communication. Examining the joint sfiects of
communication medium, message factors, and pilotcontrolier factors on performance shouid
hslp improve air saisty and communication efficiency. increased sfficiency is imporiant for
meeting the growing demands on the Nationai Air System.

il. Collaboration in ATC Communication

Wo analyzed ATC communication by adapting a genera! model of coliaboration (Clark &
Schaefer, 1983). Similar approaches have besn used 1o analyze many kinds of dislogue,
inchuding human-computer intgraction and automated voice systems (Karis & Dobroth, 1891).
According to this view, transactions betwoan speakers ang fisteners involve thrae coliaborative
phases, which participants accomplish by using several types of speech acts (Figure 1, sge
Morrow, Rodvold, & Lee, 1954, for more detall). These phases provide several points of
comparison betwean voice and dats link. These comparisons show how the same collaborative
function can be accompiished in different ATC communication systems.



A. Colisborative phases

initiate transaction. The speaker first attracts the listgner's attention in order to initiate
or open the transaction. Typicslly, air-ground ATS transactions begin with aircraft or tacility call
signs. Stress and intonation car also be critica! for attracting attention in voice communication. in
data link systems, message announcement chimes and visual aiatts on the data link display may
be used 1o stan the transaction (ATA, 1892).

Present message. The speaker presents the message once the transadlion is initiated.
Commands, reports, or requests are presented by voice or computer. Understanding these
mMessages requires cognitive processes such as word recegnition, parsing, and updating a
menta! mode! of the cutrent situation with the new information.

Accept message. Communication requires more than simply presenting and
understanding messages— The speaker and listenar must coliaborate in order to accept the
message as mutually understood. This is particuarly imnportant in ATC communication, which
requires accurate understanding at a detailed, uttarance by utlterance levs! (Mormow st al,, in
press). in the current voice environment, acceptance rests upson piiot acknowledgments with
readback and calisign. The controlier in turn must "hear back”, or monitor the acknowledgemant
io ensure that the message was undarstood. Several accsptance procaduraes have heen
proposed for data link systems, inchxding a igital accepi/reject response and an intracrew
readback (ATA, 1992). In either voice or data fink systems, the controller ang pilot must agree
before continuing that they understand the message and share & maental mode! of how the
intended actions will change the flight situation. in ATC pariance, this phase is called “closing
the communication loop”.

B. Cognitive Resources and colisboration

The cognitive processes unceriying coliaboration depsnd on speaker and listener
cognitive resources, which ars limited in quaniily. For example, noticing, understanding, and
sccspling messages require selective attention and working memory capacity. The constraints
imposad by limited cognitive resourcss is often illustrated by a diagram of the fiow of information
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through a series of processing steps.  However, this individual-centered approach must be
expanded to inciude the shared cognitive resources requirsd by coilaborative stion-- the
speaker and istener resources neaded o achieve mutual understanding (Figure 2}. For
example, pilot responsss such as partial acknowledgments can increase demands on controller
working mamory by forcing controliers (o repeat the message and o continue monitoring the
transaction. This increases the overall shared resources needed o close the iransaction. The
netion of coligborative effort has been useful for analyzing telephone dialogue (Clark &
Schaefer, 1989) and crew coordination (Kanki, Lozito, & Foushee, 1988). QOur studies have
examinad trade-oiis of individuai and collaborative affort in controller-piiot communication.

€. Factors infivencing 2vailiabie cognitive resources

The success of communication depands on availadle individual and coliaborative
cognitive rescurces as well as the demands imposed on these resources by communication.
The amourt of resources available for communication depands on short term factors such as
fatigue and distraction and longer tsrm factors such as age and experience {Marrow & Rodvoid,
in press). The second set of studies that I'll describs examined the influence of pilot age on ATC
communication.

2. Communication problems

Sevaral types of problems tend to arise when available rasources do not meset task
demands during each coliaborative phasa.

inliiate transaction. Probiems during initiation often relate to attention failures. For
exampie, aircraft crew may not hear an ATC call because they 12k over the message. Thev may
also misunderstand the intended addressee, creating calisign confusions. initiation problems
have beer an important impetus for discrete address date link systems (ATA, 1822).

Present message. A transaction may be successiully initiated, but message is
rmisunderstood or misremembersd because message presemtation overicads working memory.
The visual data link nsdwm should reduce memory probiems, akhough message complexity
couid amplify problems associaied with poor data link menu or interface design.



——

Accept mesaage. FProblems during the acceptance phass ofton relais to faikire 10
icllow acknowledgmant procedures. For exampile, controliers and pilots may fail to expicitiy
ciose transactions because of missing acknowiedgments (Morrow et al, 1884). Thereis aiso a
concem that acknowlegment delays may disrupt data Enk transaction organization (ATA, 1992}
The presart siudies focused on problems related o presenting and accepling massages.

til. Studies of ATC Communication

Sc far, 've sketched collaborative phiases in ATC transactions, cognitive procasses and
resourcas involved in each phase, and possible communication problems. Our studies
axamined how piioi communication problems arise when complex ATC messages tax cognitive
msources. We focused on message compisxity becauss & is a concern in the National Air
System (Billings & Cheany, 1981; Cardosi, 1293; Morrow, Lee, & Rodwoid, 1963} and because
manipuiating complexity hsaips to map relations between demands imposed by message and
medium factors, available cognitive rescurces, and communication problems. i alse heips
itlustrate trade offs between incividual and coliaborative effort. For exampile, why do controliers
producs compiex messages, and what are the consequences of this strategy?

We startod with 8 field study in order o genarate hypothesas about problems related to
massage compiexity. This was followed by iaboratory studies that tested some of the
hypotheses. Thesa studies were conducted at NASA-Ames Research Center. A second sei cf
faboratory studias {conducied at Stanford Medical Centerj compared the performance of older
and younger pilots on ATC communication tasks. According 1o cognitive aging theory
(Safthouse, 1985}, oicder piiots should have fewer cognitive respurces thanr their younger
counterparts, Thersicre, we can indirectly examins the roie of resources in ATC communication
by means of this age comparison. These studies also reiate back 10 the concspt of colisborative
effort— pilots or controliers with {ewer cognitive rescurces may be more likely to use strategies
that minimize their affort at the expense of the other person.
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A. Message complexity and ATC communication: Fleld study

Introduction. As a first step, Michelie Rodvold and ¢t analyzed communication betwaen
controllars and pilcts during daily operations in the terminal environment. Bsfore this study,
there was Kttle information about routine ATC communication other than from incident/accident
analyses. Therefore, we wanted to collact base rate information on the frequency of probiems
related to mossage complexity. The study would also provide & snapshot of coliaborative
processes in routine ATC communication.

Method. We collected 42 hours of taped communication {almost 8000 transactions) from
four of the busiest TRACONS in the United States. Communication was transcribed and coded
utterance by utterance for spaech acts and topics (Figure 3; ses Mortow, et al, 1993 for more
detail). We also focusaed on nonrouting transactions, whera the pilot or controller interrupts
routing information transfer in ordar to clarify miscommunication, for more elaborate analysis of
collaborative strategies (Momow et al, 1994).

Rasults. First of all, longer messages (with 3 or more information units such as
commands and reports) occurred in 5-20% of transactions, depending on the TRACON sample.
More compiex maessagas were associated with pilot comprehansion and memoiy problems. For
example, readback errors increased with message iength (Figure 4). A similar paftern has been
found for transactions in the enroute environment (Cardosi, 1993). Analysis of reagback erors
in our sample suggested that long messages taxed working memory. For example, incomrect
digits in pilot readbacks often came from cther numbaers in the same message (intrusion emors),
suggesting the error was due to interference.

Message complexily also disrupted the acceptance phase of transactions. Pilot
acknowigdgements were more streamiined after ionger ATC messages, since the number of
partial readbacks increased with message iength. Thus, after delivering long messages,
controilers are more kkely to have to get back on the radio and request full acknowledgment.

Massage length aiso influenced the way in which pilots read back the message {Figure
§). Pilots coped with longer messagas by using strategies that minimized memory load (in
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gddition to reading back less information). After shorter massages, they tended to say their caill
sign betors the readback, as recommended by the Airman's information Manual. After longer
messages, they tended to say the call sign after the readback. While this strategy may minimize
memory Inad (repeat the new information first), it complicates the hearback because the
controlier has to wait until the end of the readback 10 make surs that the correct pilot responded.

Pilots aiso tended to repeat short messages verbatim, with commands in the same order
&s in the massage. With longer messages, they tended to paraphrase and to repeat commands
in a gifferent order. These fincings ars not surprising in light of laboratory studies showing that
varbatim memory tends to drop off after complex messages and/or iong retention intervals
(Anderson, 1880). But they also make an important point abeut coRaberation in the ATC
gnvironment-- Readdbacks after longer ATC messages tend to be less similar to the message in
terms of tarminoloQy and information order, which may complicate the hearback part of the
communication ioop. Longer messages aiso tend to increase the number of communication
problems, which lead to nonroutine transactions in which the communication is clarified
{Cardosi, 1893}). These transactions are longer than routine transactions and less efficient
because the extra tums are devoted to clarifying old infermation rather than presenting new
information. ATC language is also less standard and more compiex in nonroutine transactions,
which may lead to further confusion (Morrow et al., 1994).

In summary, our field analyses suggest a trade-off between individual and collaborative
effort (Figure 6). Controllers sometimes deliver long, complex messages, perhaps to reduce
turn-taking time and thus their own cognitive effort. These messages may ovstioad pilots'
cognitive resources so that the pilots misunderstand the message, reguest clarification, or adopt
acknowiedgement strategies that sase demands on memory. Any of theso consequences can
increase the difficulty of accepting the message and closing the transaction, resulting ullimately
in greater collaborative effort,
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E. Wessage complexity and ATC communication: Part-task simulstion study

ntroducticn. We conducted a pan-task simulation study to provide more cornclusive
evidence for the impact of massage complexity on communication (see Morrow & Rodvoid, 1993
for more deteil). This study was conducted at NASA in collaboration with Michelle Rodvold,
Seandy Lozite, Alison McGann, and Kevin Corker. With the help of several controliers and pilots,
we created flight scenarios in which pilots were vectored by ATC in enroute and terminai
environments. ATC messages were delivered in two ways: One long message with 4
commands (e.9., heading, allitude, speed, frequency) or a pair of short messages with 2
commands each. By delivating the same contertt in different ways, we could examine message
iength indepandant of content. Becauss controllers delivering two messages to the same
aircraft would want to minimize communication time, we decided on & brief interval between
deitvering each message, roughly 10 sec.

Based on the earlier field results, we expected pilots to have more communication
problems when confronted with the longer messages - more requests for clarification and
readback errors. However, short messages may also create problems. Bacause the second
message of the sequence is dekvered sc quickly after the first, it may interfere with the piiot's
response to the sariier message, resulting in delayed requests to clarify this message. The
impact of these message faciors on data link as weil as voice communication was examined in a
parailel study. Some data link findings will be mentioned at the end of the tak.

Kathod. The part-task laboratory consisted of (a) Workstation simulating an ATC radar
station; (b) Workstation simuiating 2 flight deck display; (c) Macintosh computer that presented
the pre-recordad ATC messages. These computers were networked so that the controlier could
track the subject’s aircraft on radar and control detivery of the messages to the flight deck
display. The controlier and pilot were also linked by a teiephone-radic system. The fiight
scenarios imposed experimental control but also allowed for interactive communication.
Scripted ATC messages were recorded, digitized, and sent by the controlier to the pilot via
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computsr. Pilots responded to these maessages as they flew, and the controller was present in
order to handie radio clarifications. Sixteen air carriar pilots participated in the study.

Results. Figure 7 shows that pilots were more ikely to misunderstand the controlier
when too much information was presented in one message. They were more likely {0 ask for
clerification after longer messages than after the two short messages combined. They also
made more readback errors after longer messages (18% after long messages, 8% after shont
messages).

Problems associated with short messages differed from those after long messages
{Figurs 8). Pilots initially understood the first short message-- in most problems, they had first
correctly read back the commands immediately aiter the first short message. However, they
often forgot all or part of the first message by the time the second occurred-- Most of the delayed
problems were requests for repeat or were incorrect requests for confirmation. These incorrect
requests often contained intrusions, with one or more digits from the second message. Thus,
pilots usually undarstood the first short message dut then forgot part of it either because the
second one created interfersnce or deiayed response to the first.

We recently conducted a second part-task study in order 10 systematically examine the
impact of massage irtervai on voice and data link communication {se& Morrow, 1994 for more
detail). While message interval was fixed in the first study, it was manipulated in this foliow-up
axperiment. The second message was gelivered sither 5 sac or one min alter the readback of
the first message. In addition to voice and data ink communication, we examined a mixed
voice/data link environment where a voice ATC message was foliowed by a data iink messags,
or viz versa. The mixed environment was examined because pare of the ATC system will Ekaly
rasembie this hybrid whan data link is introduced inte the current environment (ATA, 1992).

Figure 9 shows that more voice communication problems (e.g.. requests for repeat)
occurred when voice massages were presented with short rather than long intervals (the
differance batween voica-only and mixed environments was not significant). Uniike the
previous study, these problems usually related to the second rather than the first message of the



saquance. Pilots delayed responding to the second message in order {o complete their
response to the first, and thus somstimes had 1o clarify the second message. Nonethaiass, both
part-task siudies show that communication problems can: arise from time pressure imposed by a
rapid sequence of ATC messages.

The findings from these isborstory studies converge with the field rasults o show trade-
offs between individual and collaborative efiort in ATC communication-- Controliers may try to
save time and effort by delivering too much information in one message or by delivering
messages in quick succession. However, these strategies may increase collaborative effort and
reduce communication efficiency by creating pilot comprehension or memeory preblems.

C. ATC Message factors and avallable cognitive resources: Age and practice

Introduction. So far we've examined comprehension and memory problems in ATC
communication by investigating the influence of massage delivery on ATC communication. The
final studies examined how communication depands on the cognitive resources that pilots have
available for meeting the demands imposed by communication. These studies were conducted
at Stanford Medical Center in collaboration with Von Leirer, Jerry Yesavage, Joy Taylor, and
Nancy Dolhart.

Because aging is often associated with a gradual deciine in cegnitive resources such as
working memory capacity (Sathouse, 1985), comparing okder and younger piots providas a
way 1o analyze the impact of cognitive rescurces on ATC communication. While oider pilois may
usually perform as well as younger pilots (e.g., because of selaction effects, compensation of
expernence for age declines), age differences may arise for difficult ATC tasks. Therefore, ws
examined oider and younger pilot paiformance on scenarios similar to our earfier studies
(Morrow, Yesavage, Leirer, & Tinklenberg, 1993). The earfier studies suggest that iong
messages impose heavy damands on working memory. Such messages may particutarly
penakze older pilots if they have fewer cognitive resources to devols to communication,
especially because they have to divide attention across other flying tasks while communicating.
We also examined If practice on the communication tasks differentially improved older pilot
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periormance. This might occur if clder pilots were relatively unfamiliar with complex ATC
communication tasks to bagin with. In addition to providing a window on cognitive processes in
ATC communication, findings about aging and pilot perfermance may have implications for the
Age 60 retirement rule for Part 121 pilots in the United States.

Method. Fitieen older {Mean age= 38 years} and 16 younger (mean age=26) private
icense pilots flew & light single engine aircraft simulator with computer-generated out- the-
window visuais. Olider and youngaer pilots did not differ in terms cf heaith, education, or fiying
expenence. As in the part-task studies, ATC messages ware pre-racorded and the scenarics
involved vectoring in & lerminal environment. Pilots flew 12 flights and performance was
averaged across each set of 3 flights. Therefore, we examined ATC communication (readback
and execution errors) and flying performance for older and younger pilots over the 4 flight sets.

Resuits. Figurs 10 shows that older pilots made more readback and execution errors
than younger pilots. Practice improved performance for both age groups but did not reduce age
difterencaes. Readback errors inciuded intrusions frem other parts of the message, providing
further svidence that long messages can overioad weorking memory. Finally, age differences
wera minimal for flying parformance that did not depend on communication (e.qg., deviation from
center &ne on take off and landing). Thus, the cider pilots generally flaw as well as the younger
pilots, but they had more difficulty with the heavy memory demands imposed by the
communication task.

D. ATC Message fectors and cognitive resources: Age, message length, and
speech rate

mtroduction. We also gxamined the pmt gtfects of message complexity and pilot age
on communication (Taylor et al, 1984). Okder and younger pilots in this study responded to
maessages varying in length and speech rate. "Speediesd” is a frequent pilot complaint
(Morrison & Wright, 1989), and iaboratoty studies show that recall deciines as speech rale
increases, particularly for older adults (Stine, Wingfield, & Poon, 1988). Therefore, faster as weli
as ionger ATC messages should increase demands on cognitive resources and produce
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communication problems. Older pilots may be particularly vuinerabie to these messages
because of age-related resource declngs. On the other hand, speech rate effects are reduced
for more meaningiul or predictabie texts (Stine, et ai., 1986). Thus, oider pilots may be able 0
compensate for rechuced cognitive resources by relying on knowledge of ATC message
structure.

To more directly test if the impact of message complexity on communication is mediated
by working memory imits, individual differences in working memory capacity were measured by
the WAIS-R digit span test. Correlations between span scores and communication arrors would
provide more direct evidence that the errors reflect working memory limits.

Mothiod. Fifteen oider {(Mean age= 61) and 15 younger (mean age=28) pilots with
instrument ratings flaw in the same simulator as in the previous study. Half of the messages in
sach scenaric contained 3 commands and half contained 4 commands. The messages were
recorded by a coentroller at a typical speech rate (235 wpm). For both long and short messages.,
half wers time-compressed {while minimizing plich distortion) to producs a rate that was 50%
taster than the normal version.

Resulls. Figure 11 shows that older pilots again made more message execution errors.
in addition, longer messages (long=45%, short=23%) and messages presented at the faster rate
{fast=37%, normai=31%) produced more efrors. Age and message compiexity had additive
effects on communication. Thus, age differences ware not magnified by difficult messages.
Notably, pilots with higher span scores produced fewar arrors {[=-.47), providing some evidence
that message factors influsnced performance through their eifects on working mamory.

Discussion. These studies show that aging can influence pilot performance of very
demandiing communication tasks. Howaever, the studies involved noncommercial pilots. Using
pitots with relatively low iavels of experience may overestimate age effects in pilot performancs.
In fact, we have found scme evidence that expertise reduces age differences in a laboratory
readback task (Morrow, Leirer, Fitzsimmons, & Altieri, 1994). Nonethelgss, the pilot age studies
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suggest that individual differences in performance may be useful for studying the role o!
cognitive rescurcss in ATC communication.
E. ATC communication medium

'l conciude by summarizing some data link findings from our pan-task studies, which
show how ATC message factors can interact with the communication medium to influence pilot-
controiler communication. The first part task study found that while message length had a iarge
impact on voice communication, it had littie effect on data Enk acknowladgerment time or
requests for clarification (McGarnn, Lozito, & Corker, submitted). Because of the relatively
permanent visual medium, complax ATC messages appear 1o impose few demands on pilot
working memory in data link systems. Of course, massage complexity could become an issue i
the menus and intertace in data link systems impose demands on pilot working memory.

Data link communication was nct immune to problems in our studies. For example, the
short interval between messages siowed data link as well as voice communication in both parnt-
task studies. The fact that the dynarics of message delivety can influence data knk as weli as
voice communication reinforces concems about introducing data link into busy terminal
environments (ATA, 1992). These kinds of studies should heip identify collaborative strategies
for coping with dynamic communication in terminal environments, whether voice or data link is
used.

iv. Concilusions

in summary, we have investigated how pilots and controliers coliaborate o ensure mutual
understanding in busy environmants. We focused on readback/hearback procedures because
they are essential to safe and efficient communication. The effectiveness of these procedures f
depends on the demands on pilot and controller cognitive resources imposaed by ATC message
and medium factors, as well as on available cognitive resources. For exampie, our field and |
laboratory studies show that probliems arise in voice environments when pilot working memory is
overioaded by iong, fast massages, or by shorter messages presented in quick suecession.
Additional time and effort is then needed in order to clarify the problem and accept the message
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as mutually understand, creating increased collaborative affort. Pilots can also increase
controlier workioad by not following acknowledge procedures. For example, missing or partial
acknowiedgments may force the controlier to repeat the message.

Our studies of pilot age and ATC communication suggest that complex or nonstandard
communication may particularly tax older {(or fatigued) pilots and controilars, who may have
fewar resources to devoisa to the task. Therefore, they are more kikely to use short cuts that
reduce their own gfiort at the expense of collaborative effort. Some coilaborative problems may
be allevigted by a change in communication medium, while others remain. With visual data link,
pilots may be abie io easily handle long ATC messages but stil have probiems with a series of
messages delivered in quick succession.

Thess findings suggest several recommendations for improving voice communication
procedures, such as the optimal length and timing of ATC messages in the terminal
environment. The collaborative tramework also has training implications. Pilot and controlier
training should strass the importance of trade-offs between individual and coliaborative effort--
When individuals reduce their own effort at the expense of other participants, everyone’s
workioad tends to increase and accuracy and efficiency suffers. The concept of collaboration
alsc has broader, more organizational implications. Pilots and controllers are more ikely to
coliaborate during air-ground communication if they understand each other's respornsibilities
and constraints. Collaboration must be fosterad rather than inhibited by organizational
boundaries {(SAE ARD #50045, in praparation).
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Steven C. Predmore!
NASA/Univecsity of Texas Crew Pecformancs Project
The University of Texas ot Austin

Two recent airline accidents have underscored the valve of CRM to line operations, particularly under
stressful, high workload conditions. Ou Februaary 24, 1989, & United Airlines 747 Jost 4 cargo door shorly after
takeoff from Homolulu, Jeaving a gaping hole on the right side of (s fuselage and Gis resclting loss of two
engines. Although nins pesseogers were gecied from the aircraft end died &2 an itomediata sesult of the
explosion, the crew managed to make 2 sucoessful emergency landing in Hooolulu with no further loss of life
(NTSB, 199Ca). Ga July 19, 1989, s United Airlines DC-i0 enroute from Deaver to Chicago suffered o
catzstrophic fuilure of the #2 engine during cruisa flight. The fragmestation and discharpe of fan rotor parts ia
the tail scction severely damaged all threo hydeealic system lines resulting in the ioss of all sireraft bydraulic
opensting systems. The crew was able t¢ Zunege minimal fight control by ke use of differcatisl engine thrust
and eventually perfortasd a emerpency ianding of Sioux City Gateway Airport.  Although there wers 11l
fatalitios it has been widely accepted that the aumber of camuitios would have besn higher were it zot for the
performance of the flighterew, The NTSB, in their analysis of e performance of the crew, summarized: °. .
that undar the circumstances the UAL flightcrew performance was highly commendable and greatly exceeded
rexscnable expectstions.® (NTSB, 1990b). Io both cases the Caplain citsd training in Cockpit Resource
Msnapement as contributing significantly w0 the ovenall effectiveness of tha crews. An analysis of the verbal
behavior of sech crew was undertaken to explore how catsstrophic events impact upaa the dypamics of crsw
intersction, and how ths principles of CRM playad out under stressful, high worklcad conditioss contribute to
successful crew performancs.  The case study approach we have taken bero is viewed as compiementary to the
Jargs scals obeervational methodologies reportad sisewhiers (Butler, in press; Clothier, ia press).

MICROCODING OF OOMMUNICATIONS

Tho verdal interactions of each crew wers trasscribed into our dotahese from Cockpit Veics Recorder (CVR)
transcripts oblained from the INTSE. In the cawo of United $11, the CVR captured erew interaction from about §
minutes prior to the loss of the crrpo door through e return and landing at Hozolaln. Ths CVR in Usited 232
picked up crew commeunicatioas from sboot 10 minetes afler ths Joss of the engine through the crash landing at
Sioux City. The current version of our coding acheme allows for the encoding of comtnnications st a relatively
detailed level termed, thoughs units. Thought wnits ere uhierances which deal with & singls thought, intent or
action. Each thought unit is classified a5 to speaker, target, time of osset, aod speech form: Comsmand-
Advoeacy, Inquiry, Incomplete-Interrupted, and Repiy-Ackuowledgment.

Sommunjeation wader stress.
Figure 1 is a stacked arsa chant

HaTYYR vy
which illustratas the  cockpit
. a0 and redio communications from
;s I a ” Uaitsd 811 brokea down by
N __ _ speach frrm.  The chart is two
20 ‘ N | dimensional and represeats the
15 ¥ | frequeccy of each speech form
k EYi Y by the vertical thickness of its
u 50~ baad ot 8 given minuts on the
t 5 - borizotsl axis.  This chant
o Mustrates very clesrly the

2 4 8 8 201214 18 18 30 22 24 28 28 % 32 8§ WAt of jut sk a8

CVR TBAE Biassies) catastrophic event on the level
of craw interaction. The loss of

B CMD-ADVOC B REPLY-ACKNOMLEE) MOQURY

" INGOMPL ES OUSEAVATION the cargo door occurs at the

- o y eod of minuts §, and we see an
Figure 1. United 811: Communications broksn dcem by speech form.
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imraediste end sustained increese in the frequency of coaumeomicatioas from minuts 9 o e end o of the CVR.
Prior 1o the erpergoncy, e crew averaged S.13 thooght units per misute, with 8 two minute period whers there
ésggggﬁkﬁ After the loes of the cargo dooe, the rate of communication rose to 8 mesn of

The came esnaiyvsis was
dooe for the United 232
sceident and is presented in
Figurs 2.3 At frst glance,
perbaps what is most striking
sbout the communications
chart for United 232 is the
sheer volume of
comoreaicstion which occurs
througbout this scemario.  As
many as 59 thought units are

expressed in & single minule

8886883

%6 28 30 32 34 38 2 44 46 43 50 52 S4 S8 58 60

(OMimute 31} with an ovenal!

CVR TIME iGrume mean mte of 30.86 thought

R INCOMPL HEE OBSERVATION considerably higher than we
Figure 2. United 232: Communications brokea dows by speeeh form. have observed i oiber

simulated snd sctual high
workloed flightz. This significantly higher rate of communicatioa is likely due to two factors. First, the cockpit
of United 232 included a check pilot whe had been seated in tha ¢cabin when the engine fatiure occurved, and who,
s5 & fourth pilot in the cockpit, was repomsible for 20% of the total commumications. In fact, the only
crewmember who costributed more thea the Check Pilot in terns of comrmounications was the Caplain (49%).
Second, fully 208 of the total number of communications were nadio commanicstions (originsting from Sicux

City Approsch, United Maintesance, Uaited Dispatch, ofc.) a3 compered to United 811 where caly 10.5% of
communications originsted outsids of fhw cockpit.

One of tho potantial bezards of such & high e of commamication is the incressed poteptial for informaticn to
be lest or misinterpreted through miscomnmnication. This is captured graphically iz both charts by the black
shaded band kbeled ‘TNCOMPL' which desotes uttersaces which are incomplete, interrupied ar unintellipible.
A similar band appears in the chart of United 232. In both United 81 and United 232, the lavel of dysfiuenies
remains fairly constant #nd accounts for sbout 7% of s toial commusication. The pervasiveness of this effect
seems to underscoce the importance of educating crews as to tha effects of stress in terms of the potentisl for lost
or misinterpreted communications.

COMMUNICATIONS ACROSS TASKS

uﬂegggﬂﬁgnﬁﬂaﬂuoﬂgﬁwamzﬁggsggegﬂgﬂ
?Oagfsagﬁfirggﬂsgggﬂgggé Yet, one of e
move robust phenomens regarding performance under stresshal conditions is the teadency for en individual's
%gsg resulling i & decressad ability to process multiple tasks, Under soch coaditions,
texmwork is criticsl to effective performancs, and involves distributing tesks scrozs jadividval crewmembers,
monitorieg task processing, fully siilizing all svailehle sesources, and in the cwse of competition for limited
resources, pricatizing task sccomplichment.

I The resarch reporied hete wae supporied by NASA-Awes Research Centsr, Coogarmtive Agreemest NOC-225 and by & sootraet with tie
Fedstal Avistion Admicistretion, RAASD-005. Ragosas fhr vepricts shontd be ocnt 0 Seven . Predmarz, NASA Unlvercty o) Texss
?%iggggygguﬂg 1022,



vawuﬁo Egom ﬂ&sb«ﬂuahﬁggﬁ Action Decision Sequences sre linked communizstions
oﬁﬂ&oﬂ a single, sitaationslly Hngméﬂg%g%&ggggg
.Eonow.ml.rdmgmo-moﬁuﬁ redoce crew interaction into 8 reistively limited pumber of qnwg.«a
Bngﬁw”nwnmonnﬁ- capters the multipls tasks fased by a crew. ioﬂﬂuu&ﬁﬁ.mﬂmqnuibwuﬁ?nw
were common to both accidents:

Flight Control: Communications ceatered around efforts to maintsin cotrol of B sirenafl; maintainisg pitck
attitude; uss of differential cugine turust,

Damage Assessment: Comamunicatiops focussd oo sssessing the mature sud extent of damage 20 B¢ sircrall;
identifying which systems are and are not operational.

Problem Solution: Communications dealing with corrective action; completing sboormal checklists; dumpieg
E'

Landing: Discussions about potential landing sites; locatica of aliemates; noo-emerpency landing preparations;
manual exteasion of landing goar.

Emergensy Preparations: Commpunications licked to preparing for an emergency landing: preparag the cabin
calliing for equipmeat at the airport; reporting SOB's and foel.

Social: Ségaggﬂwﬂwﬂgg&ggn&ﬁ%ﬁg

Distributi psks, Talds 1 presents communicatioas from both eccidents broken
dowa by %ghﬂg mﬂgggﬁu&uﬂgaﬂﬁg? United
811 do not inchxie interactions which occurred in the eight minutes prior to the loss of the carps door. Not
surpeisingly, givea the magnituds of structural damage sifferod by both zirenaft, the majority of comesunications
in eack case were concerned with Flight Control. The crew of United 811 was fosused to a Iscge dagree on
reducing their rate of descent to ensbis them $o retura to the Hozolulu airport. For United 232, The differentia
835%&3?38%?5%@35%&38
which was for the most part a produst of trial asd error manipuhtions of the flight controls, sod iavolved
Engpég

ADS United 811 (post-emergency) Uritad 232
Fligh: Coatrol 35 403
Damage Asseasmest 0 i5
Problem Soluntion s 11
Landing 1] p2
Emergency Prep. o
Social 00 ]

Table 1. Communicstions foc United $11 &nd United 232 beoken dowa by ADS.

Omﬁnﬁngggquﬂgomcguuﬂggg { compmmnicstions devoied to
Damage Assezsment (I5%) was initially sarprising to vs.  However, it is possible that 3 good deel of damage
Egﬁﬁuaggﬂugﬁugg&ggﬁ%g
the CVR. Aza Sgﬁ_p in the case of Uzited 811, 30% of the commumications directed loward Damage

Assessment occurred within ﬁo?ﬂﬂogsﬁaﬁomﬁwg Fimally, fers was very
iitlle either crew comld do in termas of preecribed corrective sctice 2ud this is evideaced by e mistively low
perceatsges of commenication centerod around Problem Solution.




We sce 2% of communicaticns in United 232 devoted o aco-cperaticnal concerns.  One of the unigue aspects
of the United 232 scenasio is ths active participatioa in the cockpit of the Chack Airman who was initislly ridiag
a5 2 passeager in the cabin. Afier voluntsering his services he was ssked by the Captsin o assist in the cockpit,
sod in addition % overail statemeuts of emcouragezwent and affective suppoet, some of the noa-operationa!
communications are & result of introductions betwess the Check Airman sd the other crew members. Some
might be critical of the pressnce of noz-operstional communicaticn, sach as interpersoasl istroducticns, in the
cockpit under high worklcsd conditions. However, insofar as it does nct interfere with cperatiops! conceras,
such behsvior cxn benefit perforzance through an enhanced sense of “team®, Indeed, Gianett (1987) found that
one of the charscienistics of effective Captrins was a willingness to expand the boundaries of & crew to incorporate

i i scooes crowrgembers.  As iliustrsted sbove, both crews were forgesd 20 contsnd with a
&::mherofm Mmupmﬂymmmﬁmdh@mmumwmﬁﬂsmw focus
tends to sarrow, waking the processing of wultiple tasks particulasrly difficult. Under mxch conditions, teamwork
is critical, and successful crew performence depends ca the effective allocation of all availsbie resources to the
multiple task demands. We were inlerested, then, in bow task focus, as measured through verbal behavior, was
distrituted among crew membecs. For purposes of brevity and because of the unique nature of 3 four-person
cockpit, the remaining antlyses will focus primarily on communications from the United 232 accident. Table 2
provides a breakdown of the comnaunicstions of the crew of United 232 across the six ADSs.

ADS CA FO FE CK OVERALL
Flight Coatrol 43% S51%  16%  64% 2 LO%
Damage Assessmsnt 12 i2 41 s 15

Problem Solution s ) 05 29 10 it

Laading 26 p.r] 0 14 24
Emergency Prapantios 09 08 04 02 o7

Socisl a2 01 0 01 02

Table 2. Pearcentzge of each crewmembers' commyunicstion devoled 10 cach Action Desision Sequence.

The decision by the Caplain to invite the Check Ainnan to assis? in the cockpit was cited by the NTSBE 25 botx
positive and sppropriate” (NTSB/A/S-90706, p. 76). The demsnds created by the use of differential engine
thrust to cantrol the sircraft made it very difficul for either the Captain or the First Officer to attend to other task
demands. The preseace of the Check Airzman who was involved almost exclusively with Flight Coatrol, freed the
C&pumwMtowushwhem ﬁh@n’hhmofh&pmmswmmmmw&
is expiored in grester detail in the jast section} The wlll dloudly shows e sommmuzizatines ™ . .
Mm(CK}mmmdMudmeiymﬂ:ngmLm&eCm(CA)mdFus:Ofﬁoer
(FO) split the bulk of their communications across the tasks of maistining Flight Cor’s.  -nd Landing. The
Fligk* Engineer (FE) handied most of the radic communications with Dispatch and Urit. . - ntemance and this is
reflected by the faot thet 70% of his commumications were concerned with Damage Assessment 2nd Problem
Soluticn. Ferhape the best evidence of ths bow this crew fully wtilizzd available resources is provided in the first
minutes joliowing their awareness of the Check Airmen‘s preserce. In the two minutes after the Check Airman is
invited into the cockpit, be is used by the crew in three critical ways: 1) be is immadiately sent back inta the cabia
to do a visual inspection of exterior dammage (Damage Assessment); 2) be is utilizad Sor sunipolation of the
throttles (Flight Control); 3} bs s asked for &0 updatc on the status of emergency preparations in the cabin

' T r tme, Our focus with this spprosch is nct merely on the strocture of communication
mthregudwmhphmh but aiso oo the dynamics of muit:-task processing. Iz addition to level and farm of
communicetion, the timing and taterpiay between the sccompliskment of & gumber of tasks is critical to effective
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performance. Figure 3 illustrates tho distribution of taske {ADSs) over time by the crew of United 232 using &2
atea chart formst similar to Figures ! end 2.

— YAL 232 COMDMUNICATICN BY

ACTION DECTSION SEQUENCE (ADS)

5888883

% 23 30 32 34 3% M @ @ & 4% & 0 52 54 S 8 &

Figure 3. United 232: Breakdown of communieations by ADS,

A close szamination of this chart reveals two phases of task processing that emerge in this scemario. From
Minute 26 to Minute 48 of the chart we sos the comummunicaticos of the crew coasistently distributed across all Gve
operaticeal tasks. A notable feature of this period of the stegario is the pesk of verbal sctivity that occurs at
Minute 31, This s represents the point where the Check Airman entsrs the cockpit after his visual damage
iaspection, and be is immediately brought into the locp with fegard o damage to the flight coatrol systems,
cofrective action that is ongoing, decisions sbout where to lsnd, and inttruction oo the manjpulatice of the
throtties,

After about Minute 43 however we 2ee very liltle communication devoted to Dazaags Assessment or Problem
Sojution. At this point o sircraft is about 35 miles from the airpost and the focus of e crew shifts from
comestive sition and asscising damage to landiag the sircraf. The transition is marked by the following
exchange between the Captaiz and the Flight Engineer:

4723 Captain: What did SAM (United Airlines Maintenance) g2y, “good fuck™?

47:24 Ecngincer: He hasa't said anything,

47:27 Caplain: Okay. Well forget them  Tell “em you're leavin' tha air and you're goons come back vp
beresad Belpua. ..

E%ggmﬁgggﬁog&?%ﬁaﬁgﬂuggu
ggsem.%gﬁg wwgggﬂwﬁoﬁogﬂuaoﬁﬁﬂuomoonﬂ

tion, the crew is aware of Which SYSICmS aic Ujaialic: Gul (akS w0 uv itewes W SRpas addilicaal &
..Boﬁoﬂongg

This chart aiso illustrates the distribution of noa-operstional comuumization throughout the seenario. The crew
is informed of the pressace of the Check Airman st Minste 29, end be is integrated into % flight control task at
about Micuts 31. There iz 8 social exchange ot Minnts 34 which csn bs characterizad as teasion releass and
affective support. This exchange is completes with e Cheek Airman exclaiming,"We'll get this thing on the
ground. Doa’t worry about it.” Eleven zeconds Inter the Captain made the decision to land at Sicux City. At
Minnte 38 e Capzin, Check Airman sad First Officer introduce cae snothar, Throughout the scenario, noa-
operational communications oceur during o¢ immedistely in the wake of a relatively low lsvel of verbal activity
which suggesis that these exchanges did not jecpardiza engagement io more critizal operational ectivity.
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T s

UNATED 232: CAPTAIN'S COMMUNICATION

DA-FC HALMIOTA

% 22 ao:u 34 36 uao Q2 4 «aso B2 56 56 C8 60
CVR TIME BMinwtoed

S5 SOTIAL X FIGHT CONTROL DAMAGE ASSMNT
R PROSLEM SOL. C3 LANDING 2 EMERGENCY PREP
s i -

e S e S
Figure 4. United 232: Percentage of Capteain's communicsiion by ADS over tme.

qi nultipls task processing. As aotsd esrlier, & primary bezefit of the preseace of e Check Airman
m&emhtw&u&nmwﬁ%umbmm;mmwddymmmwdta?igh.
Control but to aiso sllocate aticntion periodically to other cugoing concems as well. Figure 4 is 3 100% area
chart which illustrates the percentags of Captain’s comumunication devolied to each ADS over time. For example,
at Mirute 26 we see 20% of his verbal behavior was cancerned with Flight Coantrol and 80R was devoted to
Damage Assessment. As time propresses, we sss the Captain's communication increasingly devoted to Flight
Control and Landing (i.e., after Minute 47). The most striking festure of this chart is the uniform pattern of
peaks and valleys which indicate the regulerity with which the Captain shifts the bulk of his coramunication from
Flight Control issues (black aress) to other tasks.

SUMMARY

The analyses prosented hess clsarly iliustrate the impect of stressful events oo the intersctions of fhght crews,
as well a3 provide insights into the dynamics of effective crew coordination in the face of high worklosd, muli-
task demands. The interactions of the crow of Uniled 232 were marked by an efficient distnibution of
communications across muitiple tasks and crewrmnembers, the maximum utilization of & fourth crewmember, the
explicit prioridzing of task focns, aad ths active involveraest of the Capiain in all tasks throughout the scenario.
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DEVELOPMENT OF A CODING FORM
FOR APPROACH CONTROL/PILOT
VOICE COMMUNICATIONS

1.0 INTRODUCTION

1.1 Background

Voice-radio communication is central to air traffic
conttel (ATC). Air waffic controllers are wught 2
standard phrascology' as part of their formal training,
and once rhey are assigned to an air traffic conrrol
tower, terminal, oz en route facility, their communi-
cation skills are reviewed periadically. Many govern-
ment agencies, aviation industries, and researchers
interested in controller/pilot communication often
rely on the Aviation Safety Reporting System {ASRS)
and the Office of Safery Informarion and Promotion
(ASP) for aviation-relared informastion. Verbal com-
munication often is representcd as 2 major category
{with possibly several general types of communication
topics) in addition to other controller performance
measures on standardized FAA forms®. Voice-tadio
communicadon is included as part of investigations
involving operational crrors, system or pilor devia-
tions, ot other events that may have the potential to
smpact safety.

in aircrafi-related accident investigations, a writ-
tan verbatim transcript of the actual voice-radio com-
munication is included as part of the official records
to aid in the identification of the factors surrounding
the incident. Written verbatim transcripes also are
included in operational errot/system deviation inves.
ugations. Some rescarchers (e.g.. Cardosi, 1993
Morrow & Roldvold, 1994) have examined audie
taped recordings of contreller/pilot voice-radio com-
munications provided by ATC. Transcribing and
idenrifving potentiaily critical verbal communications
can be an arducus and expensive msk. A cost - effective
approach is needed chax would allow controller/pilot
voice-radio communications to be coded and stored
in 2 darabase for use by researchers and investigators

*FAA Order 711D.6505 Air Traffic Control
*FAA Form 7218-3. Final Openational Esror/Deviation Report
* Terminal Radar Approach Control
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o inswer communication-dased safety questions. Ia
so doing, real progress could be achieved in under-
standing the dynamics of communication benween
controllers and pilots duzing routine operations and
again when problems 2rise. A problem with existing
databases is the lack of 2 uniform coding scheme
which makes it difficult for users 10 gain a clear
perspective of the magnitude of actual safety-relazed
problems.

As part of a survey of the ATC/pilot voice cormmu-
picatiops literature, Prinzo 2nd Britton {1993} in-
cluded samples of air traffic control werbal
communications texonomies. Kanki and Foushee
{1989} described cypical flight crew performance and
decision making {e.g., command. suggestion, inquiry,
ackaowledgment) using the speech act as the underde-
ing unit of communication measure; whereas, Mot-
row, Lee, and Rodvold {in press) described TRACON?
controlier/pilor communication using the speech act
and aviation wpic (¢.g., heading) in their analyses. A
speech act is asingle utterance used to convey asingle
action or wntention for action (see glossary). In an-
ocher 2pproach Human Technologies, Inc. {1991}
examined teamn co-ordination among en route con-
tollers and pilors using the speech act to analyze
communication patterns. Cardosi {1993} examined
the compiexity of en routs communications by count-
ing the rumber of elements (i.c., new picces of infor-
mation within 2 communication that increased
memory load) in 2 transmission. Uaforturartely, the
resuls of these varipus efforss cannot be integrared
and ae ovenll conclusion reached since different
measuzes were used.

From the Prinzo and Brirron survey, i became
apparent thar different researchers used the same

words to describe some communications; however,
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the assigned meanings to those words were not always
uniformly appiied. For example, Golaszewski (1989)
defined readback error as a foss in separation minima
resulting from 2 conwoller's failure o detect {or
correct) an incorrect readback by the pilot. Alterna-
tively. Morrow, Lee. and Rodvold {1990) defined
readback error as a failure to read back corracily the
information contained in the ariginal transmission;
loss of separation was not considered. In some in-
stances, words referencing concepts were provided
without benefit of definition {e.g., frequency conges-
tion; {Morrison & Wright, 1989) and left to the
reader to interpret. Itis uncertain whether expertsand
novices in the fieid of aviation consistently apply the
same definitions to those words. Without benefit of
uniform definitions, the risk of misunderstanding or
MISINterPreraion 1nCreases.

1.2 Purpose

The purpose of the present rescarch effort was o
develop a voice communication taxonomy and method
of dara collection that could be used to analyze AT/
pilot voice-radio communication in a systematic and
consistent fashion. That product is the Aviation Tep-
ics/Speech Acts Taxonomy (ATSAT). This axenomy
was developed as a tool for building acommon ground
of understanding of ATC communications through
the use and application of 2 standard or commen
analytic procedure. Theappropriatenessof the ATSAT
to other applications depends on the user’s witimarze
goal. Thus, the user will need to define the problem
and determine che appropriate level of analysis. Within
the ATSAT, the aviation topic presents a micro level
of analysis and the speech 2ct 2 macro level. In chis
axonomy, the speech act defines the purpose of the
utterance; that is, its intent.

The 5 speech act caregories that make up the frame-
work for the ATSAT and its corresponding coding form
{Ser Appendix A} are: 1) Address, 2} Courtesy, 3)
instruction/-Clearance/Readback, 4} Advisory/Remark/
Readback, and 5) Request/Readback. A sixeh caregory,
Non-Codable, is included as a general category. (See
Appendix B.) Non-codable would include unintelligible
wransmissions due to equipment-rejated problems, deliv-
ery technique. and communications that could not be
pizced into any of the other major groupings.
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The aviation topic is the basic umit of meaning
{subject) and it is found within the speech act. Avia-
tion topics place constraints on their associated speech
acts by limiting the type of action that can occur. For
example, headings, altitude restrictions, air speeds.
and routes are aviation topics which are frequentdly
inciuded in rransmissions conrnaining instructions or
requests. A complete list of aviation topicsincluded in
the ATSAT, along with their definitions, is included
in this repore. (See Appendix C.}

2.0 APPROACH

2.1 Developmest of the Avistion Tepic Speech
Act Tsxoromy

A literature search was performed to acquire copies
of the existing research conducted on controller/piles
voice radio communications. The speech act (Kanki
& Foushee, 1989; Mcrrow, Clark, Lee, & Rodvold.
1990} was seleced as the major type of communica-
tion clemenc in 3 mansmission under which the avia.
tion topics were grouped. A list of the aviation ropics
was developed from the licerature review for possible
inclusion in the Aviation Topic Speech Act Tax-
onomy. These aviation sopics were placed into the
speech act category into which they were most hkcly
to be found in 2 transmission.

Similacly, a list of the various tvpes of communica-
tion problems was constructed from the Prinzo and
Britton literarure review and databases {e.g., ASRS).
The communiarion problems were restricted o in-
clude only voice-radio messages between the concrol-
ler and the pilot. Equipment related problems, such as
faulty equipment, improperdy worn headsers and mi-
craphones, intn-facility communication, inter-facil-
ity communication, and inter-flight-deck verbal
communication were not included. Only controlier!
pilot voice radio communications within the terminat
environment were addressed by this rescarch.

Once the basic sttucture of the ATSAT was con-
structed, 2 sample of TRACON/pilot commuenica-
tions was obrained, rranscribed, and coded using the
taxonomy. Based on the VHF/UHF audio rapes pro-
vided. some of the speeach acts wers combined into a
single category and several aviation topics were dis-
carded or replaced. A retired concroller served as the



subject matrer expert (SME) during the refinementof
the ATSAT. FAA Order 7110.65G Air Trafhc Con-
trol {1992}, Airman’s Information Manuai {1992),
and the FAA Order 7340.1M Contracrions {1992}
also were used as resources.

2.2 ldentification of Problematic Verbal
Communications

The Prinzo and Britton literature review aided in
idenufving message content errors and delivery tech-
nique etrors as two major groups of communications-
based problems. Althoughother typesofcommunication
problems have besn identified (Morrison & Wrighe,
1989}, many are equipment related problems (e.g.. equip-
ment outages, obsolete equipment). The ATSAT ad-
dresses only controller/pilot-centered verbal
communicatica problems. Verbal communications,
which deviated from standard phraseology specified in
FAA Order 7110.65G or suggested pilot phraseclogy in
the Airman’s Information Manual, were grouped into
those seemming from message content and delivery
technique.

2.2.1 Message Content Errors

There are 7 different types of message content errors
thar are included on the ATSAT. These types of etrors
are listed in Table 1. Although grouped and seqential
refer dicectly 1o numerical information, omission. sub-
stituzion, and wansposition, errors could also occur for
other tvpes of information, such as failing to include an
aiterafe callsign in & transmission where the callsign
would be required. Substitutoa errors would include
replacing the aumbers in an assigned airspeed with the
numbers assigned for a heading. or an altitude in 2
transmission that contained ar least 2 aviation topics in
a speech act instruction. Excessive verbiage erross in-
cude any words or phrases in addition o standard
phraseclogy. Parcial rezdbacks are similer to omission
errors; however, partial readbacks occur when a pilot fails
to include a piece of informadon in a readback. The two
different codes are used because pilots and controliers are
judged by the same phraseclogy standards for the ATSAT.
According 1o FAA Order 7110.65G ar the Airman’s
Information Manual, however, ATC phrastology is more
rigidly prescribed for a contoller dhan ir is for a pilot.
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2,2.2 Delivery Tecknique Errors

The analysis of the recorded voice-radio transmis-
sions made by the master of the oil tanker Exxon
Valdez served as » basis for defining delivery tech-
nique errors (Brenner & Cash, 1991). As displayed in
Table 1, misarticulations (e.g., slurring of speech) and
dysfluencies {e.g.. hesitations) are the 2 major rypes of
delivery technique errors included in the ATSAT.
Misarticulations and dysfluencies have the potentiai
for decreasing effective information wransfer due to

excessive pauses ot the need to repeat a transmission.

3.0 PROCEDURE

3.1 Instructions

Table 2 lists the steps for transcribing, encoding,
and entering the message content of audio transmis-
sions onto the ATSAT Coding Form. Appendices A
through D are provided ro assist in the encoding
process. Appendix A contains a copy of the coding
form, a sample page of ATC/pilor transcribed com-
munications, the same transcript page divided into
aviation topics and coded with idencified phrascology
errors, and a completed copy of the coding form.
Appendix B lists and defines each of the identified
speech act caregories according to their placement on
the ATSAT Coding Form. Appendix C lists the avia-
tion topics, along with their cortesponding definition
for each of the speech act categories, in the arder of
their occurrence on the ATSAT Coding Form. Ap-
pendices B and C should assist in the placement of
message segments into cheir appropriate aviation top-
ics and speech act categories on the ATSAT Coding
Form. The definitions should ot be confused with the
more formal definitions of message content terms found
in the glossary {Appendix E). Although there should be
3 close correspondence berween how a message segment
is defined and the caregory types presentad on dhe
ATSAT, the user occasionally may have to rely on
personal expeticnce when 2 message is slightiy ambigu-
ous. Appendix D lists some typical phraseclogy and
delivery technique esror cypes found in cach aviarion
topic, along with their Jetter code; however, thisisnoran
exhzustive list. It should aiso be noted thar an aviation
topic may contait more than one type of error,
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Tahle 1

Communication Phraseology Errcrs in ATC/Pilot Transcripts.

Ervor Code

Definition

Message Content Errors

Grouped

Sequentiai

{Non-grouped}

Omission

Substitution

Transposition

Excessive Varbiage

Partial Readback®

Deiivery Technique Errors

Dysfluency

Misarticulation

M

Grouping of numerical information contrary to paragraph
2.85, FAA Order 7110.65G, March 1992

Failure to group numbers in accordance with paragraphs

2-87, 2-88, 2-90, and non-use of the phonetic aiphabet in
accordance with paragraph 2-84, FAA Order 7110.65G,

March 1992

Leaving out numberts), letter(s), wordis), prescribed in
phraseology requirements in FAA Order 7110.65G,
March 1992

Use of word(s) or phrases(s) in iieu of phraseology
outlined in FAA Order 7110.65G, March 1992 (e g..
*verify altitude® vs. “say altitude®

Number(s) or word(s} used in the improper order {e.g.,
*TWA six forty-five” instead of "TWA five forty-six"}

Adding wordl(s) or phrase{s} to phraseology outlined in
FAA Order 7110.65G, March 1992, and the phrasedlogy
suggested in the Airman's Information Manuasl.

(e.g., "TWA the number one airiine six forty-five”;

Pilot report or readback that does not include specific
teference to a topic subject (i.e., altitude topic "out of six
for four" would be recorded as a P.

*Note: A verbatim readback of a controlier’s instruction or
advisory would not be recorded as 2 P, nor would a

readback containing 2 general acknowiedgment and the
aircraft identifier.

Pause(s}, stammer(s], utterance(s}, that add no meaning to
the message {e.g.. “uh,” "ah,” or "ok* when not used as a
general acknowiedgment

Improperly spoken words {i.e., slurs, stutters, mumbling,
etc.)
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For example, on line 11 of the “Sample Transcript
Sheer” (cf. Appendix A, p. 6), air uaffic control is
transmiting the following message to Plato® 290:

“Plato two-uinety roger clear visual three one left
other traffic landing three one right.”

The wranscriprionist would spell out the numbers
in the 2irceaft callsign and for each of the runways.
Once transcribed. the message is segmented in each of
the speech acr categories by placing a diagonal slash
berween them (See Table 2, Parr 2, Swep 2): °7 Plaso
rwo-ninety | roger [ clear visual three one left 1 other
traffic landing three ome right .°

Next, each aviation topic in the wansmission is
numbered in che order in which it was spoken by the
controller (See Table 2, Part 2, Step 3): “/ ¥ Plato two-
ninety ! 2 roger! 3 clear visual three one left ! 4 other
eraffic landing three one right I”

The final step in che eacoding process isidentifying
those aviation topics containing errors ( See Table 2,
Pare 2, Step 4). In the present example, an emission
occurred in the third aviation topic, which should
have read: “clear visual approach runway three one
left,” according to FAA Order 7110.65G. The error
did not occur in the fourth aviation ropic because that
specific phraseology is not stated in the manual for
issuing traffic advisories.

“/1 Plaro two-ninety /2 roger /3 Q clear visual three
cne left 14 O; E other rraffic landing three one right I
should have besn read a0 “cleaced visual approach
runway three one lefy; trafhic at (clock code, position,
and aircraft type} landing runway chree one right™.

Once complete, the encoded message is transferred
to the ATSAT Coding Form using the steps listed in
Parc 3 of Table 2. This is a faurly straighe-forward
process.

4.0 PRELIMINARY STUDY ON THE
RELIABILITY OF THE ATSAT

4.1 Introduction

The ATSAT was developed by the authers to ana-
lyze phrascology usage by controllers and pilots av 2
micro level of analysis. It uses the terms and defini-
tions found in FAA Order 7110.65 as its basic seruc-
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ture. The ATSAT may be helpful to other researchers
in its current form or serve as a foundation or point of
departure for developing theic own voice communica-
tions coding schemes. To determine how reliable
experts and novices were in coding ATC transmis-
sions according to the ATSAT Coding Form’s in-
structions and procedures, a preliminary study was

performed.

4.2 Subjects

Four novices and 4 ATC instructors volunteered 10
code the same 25 eransmissions fron: a transcript of
ATC/pilot communications. Novices were TAA rech-
nical support staff who lacked domain specific prior
knowiedge of ATC terminology and phraseology us-
age. Experts were former ATCS employed as FAA
Academy ATC instructors. Each volunteer was given
a copy of the instructions from Tables 1 and 2 along
with Appeadices A through D to help with the cod-
ing.

4.3 Procedure

A 30 - minute orientation session on how to code
the ransmissions was given by one of the developers
of the taxonomy who, 25 Facilitaror, explained the
coding process step Ly step with each group of novice
and instructor coders. The novices were provided
with 2 hours of additional iastruction pertaining 1o
ATC rerminology and phraseology to ensure thaz they
had the minimum requisite aviation knowledge nec-
essary to compicte the taxonomy. Since the Experss
were responsible for observing and instructing their
students on correct phraseology, they were not pro-
vided the additional instruction session.

4.4 Resalrs and Discassion

The Facilitator also coded the same 25 wansmis-
sions to compare with the novices’ and experts’ dara,
and the percentage of items agrezing with the facilica-
tor was computed. The coded rransmissions of each
group were compared to the coded wransmissions of
the facilicaror for: (1) segmenting the entire message
inco speech acrs and aviation topics, (2) correctly
placing the segments onto the coding form, both in

" Plato was chosen for illustrative purposes only; It is a fictitious air carsier.
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Table 2

Steps for Translating Audic-Taped Voice Communications to the ATSAT Coding Form.

1. Transcribe audio tapes to written verbatins copy.

Step 1. ldentify and record the speaker identification.

Step 2. Copy message spelling out numbers.

Step 3.  Enter time in minutes and seconds at the beginning of each transmission. (optional)

Step 4. Sequentially number transcript lines. (Each transmission should be numbered as a line.
See example Appendix A}

2. Encode transcript.

Step 1. Using Appendix C. divide each line of the transcript into aviation topics by placing a
diagonal line at the beginning and end of each topic.

Step 2. Seqguentially number the aviation topics, placing the number immediately after the
beginning diagonal line.

Step 3.  Using the “Communication Errors in ATC/pilot Transcripts Table” {Table 1), identify each

error and place its letter code after its aviation topic number (Examples are provided in
Appendix A.)

3. Teansfer data to the ATSAT Coding Form. See Appendix A.

Step 1.

Step 2.
Step 3.

Step 4.
Step 3.

Step 6.

Step 7.
Step 8.

Step 9.
Step 10.

Enter the facility name and the coder’s name or initials in the appropriate spaces at the
top of the ATSAT form,

Record the line number from the transcript into the “Line No.” column.

identiiy the speaker by entering the aircraft callsign for aircraft or “ATC" for the controlier
in the “Speaker” column of the ATSAT iorm.

Sequentiaiiy number the communication attempts to a specific receiver and place that
transmission number in the far right of the space in which the speaker is identified.
identify the receiver by entering the aircraft callsign for aircraft or "ATC" for controller in
the “Receiver” cofumn of the ATSAT form.

Record each idertified topic by entering the piacement number of the topic transcript
into the applicable topic column within the appropriate speech act category {Use the
“Speech Act Categories™ (Appendix B) and “Aviation Topics” {(Appendix C) to determine
the correct topics and categories.)

indicate any errors within the topics in the same space in which the topic is recorded.
using the codes from the “Communication Errors in ATC/Pilot Transcripts™ list {Appendix D1,
Place any additional information ar explanation in the “Comment” column using the
position number for reference.

Repeat steps 8 & 9 until the entire line has been completed.

Repeat steps 4 through 10 until each line from the ranscript has been coded.
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Table 3

Percentage Agreement by Novices and Experts with ATSAT Facilitator in Message
Encoding and Classification.

Message Encoding and Classification

Placement into

ATSAT Error

Coder N Segmentation  Categories Code

Experts 4 78% 30% 58%

Novices 4 89% 70% 73%
Table 4

later-rater Percentage Agreement in Placement of Message Segments into
Speech Act and Aviation Topic Categories by Novices and Experts.

ATSAT Category
Coder N Speech Act Aviation Topic
Experts 4 58% 56%
Novices 4 82% 78%

the proper speech act category and in the proper
aviation ropic, and {3} recognizing that 2 speech error
occurred within an avistion ropic. The coded rrans-
missions of the novices then were compared 10 cach
other and percenrage agreement was computed on
roperly placing the transmission segments into speech
act categories and into aviation topics. The same
compariscn was performed for the experts.

As shown in Table 3, the novices and experts had
higher percentage agresment on segmenting messages
. than they did on placing those segments inco their
respective categories on the ATSAT Coding Form ot
recognizing the presence of a speech error. Correct
placemenz into ATSAT categories required that sach
segment be correctly labeled on the basis of speech act
categoty and aviation topic and the correct placement
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of the coded information onto the coding form. It is
not surprising that overall percent agreement de
creased since & much more granular level of analysis s
demanded here than on either segmentacion or error
recognition. Correct recognition of a speech error
required the coders to simply compare the content of
an aviation topic to the error fype definitions and
determine if 2 match occurred. On corzectly recognia-
ing 2 speech error within an aviation topic, the average
agreement with che facilitator was higher for novices
than for experss.

As thown in Table 4, novices had a higher percent
agreemment among themselves than the experrs in plac-
tng transmission segments into the proper speech ace
and aviztion topic categorics. The differences be-
txeen novices apd instructers could have resulted
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from differences in ATSAT coding instructions. In-
seructors were not provided with the 2 hours of
additional instruction pertaining 1o ATC terminol-
ogy as were the novices. Novices could have ap-
proached the rask from a similar perspective and
purpose. The lack of formal instruction may have
increased the varizbilicy among the instructors since
they were forced ro rely on their more subjective and
individualized schemes for datws classification. Also,
they may have relied mere on their prior knowledge
and experience than on the materials provided 1o
them; the former requiring less effort than the farter.

5.0 DISCUSSION

The Aviation Topics-Speech Acts Taxonomy and
coding form were developed for studving ATC/pilor
voice communications. The ATSAT may beof use by
other researchers in its present form or it may be
medified to suit particular needs. Ifaresearcher elects
to use the ATSAT, several words of caution are in
order thar are not unique to the ATSAT. Firse, ali
coders should receive the same orientation and in-
struction sessions prior to uting the ATSAT, cegard-
less of their domain specific background knowledge
or experience with ATC voice communications. Pro-
viding only the novices with the instructional session
resulted in their being more in agreement with the
Facilizatar than were the inscructors in labeling and
placing the coded segments onto the coding form and
identifving errors. Providing uniform erientation and
instruction sessions to atl coders should increase inter-
ceder agresment, since they would tend to approach
the task from the same perspecrive aad purpose.

Second, whersas the novicesin the study were more
dependent on the surface characreristics of the verba.
tim transcripts, the instzucrors may have relied more
ca experiential and domain specific knowledge 1o
assisz them in piacing segments into theit proper
aviauon topics and speech acts categories on the
ATSAT coding form. Providing experts wich instruc-
tions on the importanee and use of objective measures
over their subjective judgments when coding trans-
missions shouid improve intes-coder agreement.
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Lastly, provisions for practice trials with direct
feedback during training should increase inter-coder
percentage agreement. L he Facibitator was available
while novices completed the ATSAT and provided
further instruction upon request. Thus, immediacy of
instruction, 2 common understanding of the conceprs
and procedures, and moritozing of performance may
improve inter-coder percentage agreement.
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00:09

04:24
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754

ATC

PLATO

ATC

PLATO
754

ATC

PLATC

754

PLATO
290

ATC

PLATC
290

ATC

PLATO
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ATC

PLATO
880

2

A

Sample Transcript Sheet

ZERC TWO ZERC PLATO SEVEN FIVE FOUR

PLATO THIRTY-FIVE HEAVY CONTACT (NAME) TOWER
ONE TWO THREE POINT FOUR GOCD DAY

PLATO THIRTY-FIVE GOOD DAY AND THANK YOU A
LOT

PLATO SEVEN FIFTY-FOUR SAY YOUR SPEED
AH WE'RE DOING ONE NINETY SEVEN FIFTY-FOUR

SEVEN FIFTY-FOUR ROGER INCREASE SPEED TC TWO
ONE ZERO

PICK IT UP TO TWO TEN SEVENFIFTY-FOUR

APPROACH PLATO TWO-NINETY AT A FOUR POINT SIX
FORTWO

PLATOC TWO-NINETY (NAME) APPROACH TURN LEFT
HEADING ZERO TWO ZERO

ZERC TWQ ZERQO WE HAVE THE AIRPGRT IN SIGHT
ALSO

PLATC TWO-NINETY ROGER CLEAR VISUAL THREE ONE
LEFT OTHER TRAFFIC LANDING THREE ONE RIGHT

CLEAR TO VISUAL THREE ONE LEFT AND WE'LL WATCH
THE TRAFFIC ON THE RIGHT ONE PLATO TWO-NINETY

ATTENTION ALL AIRCRAFT LANDING (NAME)
INFORMATION PAPA NOW CURRENT THE WEATHER IS
STILL BETTER THAN FIVE THOUSAND FIVE

SEVEN F ; HUNDRED FOR THREE THOUSAND HEADING
ZERO FOUR ZERO

862



Facility: Coder:
Address/Addressee Courtesy Instruction/Clearsnce - Readback/Acknowledgment
Speabier | Recelver Heading Altitude
Line No. | Speaker | Receiver ip )] Thanks [Greetings| Apology | Heading | Med. | Altitude | Restriet | Speed

e

ATSAT Coding Form
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Facility:

Coder:

Imstruction/Clearance - Readback/Acknowledgment (con't)

Advisory/Remarks - Readback/Acknowledgment

Appr/

Transpond, General

Heading

Aititude

Appr/

Rloute

Departare

Freq.

Holding

Route

Code

Acknowl

Hezding

Mod.

Altitude

Restrict

Speed

Departure

Position

ATSAT Coding Form




Facility: Coder:

Advisory/Remarks - Readback/Acknowledgment (con'() Request - Readback/Acknowledgment

Traffic
info

Appr/ Route
Departure] Position

General
Acknowl

General
Sighting

NOTAMS| ATIS | Weather Heading | Altitude | Speed Type |NOTAM

ATSAT Coding Form




Facility: Coder:

Request - Readback (con't) Non - codable
General
Traffic | Weather | Acknowl [Equipment| Delivery | Other Comments

F9-Y

S P

ATSAT Coding Form




10

11

12

i4

00:00

00.03

00:32

00:38

00:41

00:47

00.48

00:52

00:59

01:04

01:24

PLATO
754

ATC

PLATQ 35

ATC

PLATO
754

ATC

PLATO
754

PLATO
290

ATC

PLATO
290

ATC

PLATO
290

ATC

PLATC
880

Appendir A

Sampie Transcript Sheet

{ {iP} ZERO TWO ZERO / {2N} PLATO SEVEN FIVE
FOUR /

K1} PLATO THIRTY-FIVE HEAVY / {2)CONTACT
(NAME) TOWER ONE TWO THREE POINT FOUR / {3}
GOOD DAY /

/ {1} PLATO THIRTY-FIVE / {2} GOOD DAY / {3E} AND
THANK YOU A LOT/

! {1} PLATO SEVEN FIFTY-FOUR / {2E} SAY YOUR
SPEED /

/ {1IDC} AH WE'RE DOING ONE NINETY / {2P} SEVEN
FIFTY-FOUR /

/! {10} SEVEN FIFTY-FOUR / {2} ROGER / {30}
INCREASE SPEED TO TWO ONE ZERO /

# {1SCP} PICK IT UP TO TWO TEN / {2P} SEVEN FIFTY-
FOUR /

/ {IP} APPROACH /{2} PLATO TWO-NINETY / {3EP} AT
A FOUR POINT SIX FOR TWO /

/ {1} PLATO TWO-NINETY / {2} (NAME) APPROACH / {3}
TURN LEFT HEADING ZERO TWO ZERG /

/ {1P} ZERO TWO ZERO / {2E} WE HAVE THE AIRPORT
IN SIGHT ALSO /

/ {1} PLATO TWO-NINETY / {2} ROGER / {30} CLEAR
VISUAL THREE ONE LEFT / {40E} OTHER TRAFFIC
LANDING THREE ONE RIGHT /

/ {1} CLEAR TO VISUAL THREE ONE LEFT / {28} AND
WE'LL WATCH THE TRAFFIC ON THE RIGHT ONE / {3}
PLATO TWO-NINETY /

/ {1} ATTENTION ALL AIRCRAFT LANDING (NAME) /
{2} INFORMATION PAPA NOW CURRENT / {30E} THE
WEATHER IS STILL BETTER THAM FIVE THOUSAND

mous».rm ssvm mmmﬁnr—oa ' THOUSAND /
{3} HEADING ZERO FOUR ZERO /
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Fecility: Coder:
Address/Addressee Courtesy Instruction/Clearance - Readback/Achknowledgment
Speaker | Receiver Heading Altitude
Line No. | Speaker | Receiver 1D iD “Thunks |Greetings| Apology | ileading | Mod. | Altitude | Resirict | Speed
1 |PLATO754] AIC IN ) 0P
2 ATC  [PLATO 754 1 3
3 PLATO 35 ATC ] e 2
4 ATC  JPLATO 754 !
5 PLATO 754] ATC 2P
6 ATC PLATO 754 10 30
7 PLATO 754 ATC 2p 1SCP
8 PLATO 2901 ATC 2 1P
9 ATC PLATO 290 2 | 3
10 PLATO 290 ATC Ip
11 ATC PLATO 290 ]
12 PLAT() 290 ATC 3
13 ATC ALL 1
4 PLATO 880 ATC

ATSAT Coding Form
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Factiity: __

Coder:

lnstruction/Clearance - Readbacl/Acknowiedgment (con't)

Advisory/Remarks - Readback/Acknowkdgment

Appr/ Transpond] General Heading Altitude Appr/ | Route
Departurel Freg. | Holding | Route Code {Acknowl | Heading | Mod. | Altitude | Restrict | Speed [Depsrture] Position
2
JEP
30
1
3 2

o

ATSAT Coding Form
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Facility:

Coder:

Advisory/Remarks - Readback/Acknowledgment (con't)

Request - Readback/Acknowledgment

General | Traffic | General

Appr/ | Route

| AIS INOTAMS| Weather | Sighting | _Info__ | Acknowl

Heading

Altitude | Speed |Departure] Position

Type

NOTAM

2E

1DC

2E

40L 2

2 3O

ATSAT Coding Form




Facility:

Coder:
Request - Readbzck (con't) Non - codable
General
Traffic | Weather | Acknow! [Equipment | Delivery | Other Comments

1Ly

Transmission partially blocked

ATSAT Coding Form




APPENDIX B:
DEFINITION OF SPEECH ACT CATEGORIES IDENTIFIED
IN 10 HOURS OF ATC/PILOT TRANSCRIPTS
Address/Addressee.

The facility/position or aircraft identified as speaker or receiver (e.g.. (Facility Name) TRACON., {Faciliey
Nams:) departure, sector twenty-one. Plato two forty-one, November one two three alpha, Baron one two
three aipha).

Courtesy.

Word(s) or phrase(s) spoken as an act of courtesy.

Instruction/Clearance—Readback/Acknowledgmen.
Instruction/Clearance: Phraseciogy used by a conuoller to issue instructions to an aircraft {c.g.. climb and

maintsin three thousand, twurn left heading two two zero, cleared ILS runway three five right approachl.

Readback/Acknowledgment: Words or phrases spoken by a pilot or controller i response so an instuc-
son/clearance.
Advisory/Remark-—Resdback/Acknowledgment.

Advisory/Remark: Required communication based on the corcroller’s responsibiliry for issuing advisories
{e.g.. altimecer, waffic. expected approach or altitude. a request for informaticn, etwc.) and the pilot's
responsibility for making cerzin reports {e.g.. ATIS, pesition, altitude, speed, etc.).

Readback/Acknowledgment: Words or phrases spoken by a pilot or controller im resporse ro an advisorv!
remark.

Request—Readback/Ackaowledgment.
Request: Specch scr initiated by the pilot or controller for the purpose of acquiring information and'or
a service.

Readback/Acknowiedgment: Words or phrases spoken by a pilot or concroller iém response o a request.

Non-Codsble Remarks.

Remarks/comments that are not codable into a speech act of Address/Addressee, Coustesy, Instruction/
Clearanice Readback/Acknowledgment, Advisory/Remark—Readback! Acknoviledgment, Request—-
Readback/Acknowleggm==2. A speach acz diai i uniatetligibie due to equipment problems o7 speaicer
delivery.

Comments.

information entered by encoder ro clarify a coding encry.



APPENDIX C:
AVIATION TOPICS WITHIN THE SPEECH ACT CATEGORIES

1. Address/Addressee.
2. Speaker: Identification of tiie speaker.

b. Receiver: Identification of the receiver.
2. Courtesy.
3. Thanks: "Thanks,” “thank you.” or words of

appreciation.
b. Greetings: "Good day,” “so long.” “hello™.
<. Apology: Any apology, example: “I'm sorry,”
“I owe vou,” etc.

3. Instruction/Clearapce—Readback/Acknowledg-
roent.

2. Heading: An assigned vector or readback by a
pilot.

b. Heading Modifier: A word or phrase indicar-
ing an increased/decreased rate of rurn.

c. Aldrude: Altirude assigned by 2 controller or
readback by a pilot.

d. Altitude Restriction: Any restriction o alti-
tude assignment by 2 contraller or readback by a pilot.
Noze: Includes "no delay in descent™.

c. Speed: Speed assigned by a conrroller or
readback by a pilot. Note “Present speed.” “reduce
now,” are speed assignments.

f. Approach/Deparmure: A clearance giver by a
controller to make an approach to an airport, or
runway assignmens (¢icher IFR ot VFR) or readback
by a pilor.

g- Frequency: A radio frequency used for com-
munications or navigation aid assignment by a con-
roller or readback by = pilot. Nore May or may not
include megahertz frequency.

h. Holding: Holding instruction issued by 2
controller or readback by a pilot.

i. Route: Any instruction issued by 2 conuroller
that pertazns to the course an aircraft is assigned or
readback by a pilot. Note: Includes headings, vecrors,
airways, J routes, ILS, approaches, depanure znd
arrival routes (SID, STAR, PDR).

j. Transpender: A beacon code and/or ident
insiructions issued by a controller or readback by a
pilor.

k. Geaeral Acknowledgment: Word(s) used by
a pilot as general acknowledgment of a clearance!
inscruction. Note: “Roges,” “ok.” “alright,” mav be
used in addition 1o aircraft identification andfor
readback of all or portions of a cleatance/instruction.

4. Advisory/Remerk—Readback/Acknowledg-
ment.

z. Heading: Ar expecied vecrorfheading given
by 2 conrrollers or histher readback of a pilor report. A
pilot report of a vecror/heading.

b. Heading Modifier: Word(s} or phrase(s) used
by either a controller or pilot indicating an increased/
decressed rate of curn.

<. Altitude: An expected altitude assignment
issued by a controller or bis/her ackrowledgmen: of
an altitude reported by a pilor. An alricude reported by
a pilor.

d. Altirude Restriction: An expected aldtude
restricrion tssued by 2 concroller or hisfher readback
of a report by a pilot. A pilor report of an alcitude
restniction.

. Speed: An expected speed assignment issued
by a controller or his/her readback of 2 pilor speed
report. A speed reported by 2 piloe.

f. Approach/Depareure: An expecred approach/
departure instruction issued by a controller or his’her
readback of a pilot report. A pilor reporr of assigned
approach/departure.

8- Route/Position: A route or position issued by
a controller or his/her readback of 2 route or position
reported by a pilot. A pilot report of 2 route or
nnsition

b. NOTAM/Advisory: A Notice to Airmen
{NOTAM) or aviation advisories issued by 2 control-
ler or his/her readbiack of < pifor zepors. A pilot report
of aviation advisories or his’her readback of 2
NOTAM/advisory {=.g., runway construction, status
of navigation equipment, bird raffic.).
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APPENDIX D:
SOME TYPICAL ERRORS WITHIN SPEECH ACT TOPICS

A. Speaker: Refvrence par 2-76, 77, 86, 87 of FAA Order 7110.65G and par 4-33 of AIM
Example - Initial contact:

Pilot: “Regional Approach Plato ten twreaty-two

Controller: *Plate ten rwenty-twe Regional Approach...”

Example - After initial contace:
Pilor: "Plato ten twenty-two...”
Controller: "Plato ten twenty-tweo

Cope

i. Omission of facilicy name or funcuon ... cesnnenn e O
2. Omission of company name, general aviation dcs:gnztor zmlztzn SETVIOZ, @TC. (ooeienceirarenansenaineine oo O
3. Oumission of any number in the identification or use of less than three numbers/ierters in general

aviation or milirary IdeRtRCATION .. ittt st e o
4. Failure to group air carrier callsigns or to use the phonetic alphabet in aircraft identifications ... N
5. Grouping military or general aviation callsigns ... e e G
6. ADDITIONS 10 CaIISIEIS ettt aee s e e s e e s sea ettt bt en e ecere rerenenas E
7. Substirzdon of company name, military service, or complere
8. Transposed numbers/IITELS ..o st b e ea s ar s st atre st aneanesnae crae T
B. Receiver: Reference pas 2-76, 77, 86, 87 of 7110.65C and 4-33 of AlM
Example - Initiai contact

Pilat: “Regional Approach Plato ten twenty-tweo...”

Controller: “Plato ten twenrty-two Regional Approach...”
Example - After inituial contact:

Controlier: “Plato ten twenty-twe...”

Pilot: Ground szation {conurol facility) may be omitted

Cooe

1. Omission of facility Name of RIRCHON c ettt et eeee e e O
2. Omission of company name, general aviation designator, military service, €1 coveieiicereveeeen. O
3. Omission of any number in identification oz use of less than three numbersilerters in general
aviation o MItAn I et ICATION L oot ee et ee e e e e e aen s e oo O
4. Failure to group air carrzer calisigns or to use the phoneric alphaber in aireraft identifications «......... N
5. Grouping milicary or general aviation callsigns ... ...
6. AddiTions 10 CRIISIBI couo ettt e et E
7. Substitution of company name, military service, or complere numbersilettess, ete. oo S
8. Transposed numbers/letrers .. .1

Note: A pilot readback of controﬁcr $ eXaCt instructions 15 not recordtd s an error
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3.

G.

Word(s} in fieu of “expedite” or “IMmediataly™ vt e e S
Failure to identify ruaway or NAVAID

DY The CONTIOMET ottt rinnns sttt soresescccressssaen s sess s sas et n s bbb bas e 1 Ea TR T s SRt e e O
by the pilot S VOO PURTUOOIORIRTURNS o
Errors may include t}msc lmcd in E Alnmdc

Speed: Reference par 2-851, 5-101 of FAA Order 7110.65G and 441, 85, 91 of AIM

Example:

i ol Al

Conuoller: “...maintzin present speed”
Pilot: “...(number of knots) knots™

Omission of “kaots,” except when assigring 2 speed in conjunction with an =lozude. .. 0
Omission of “knots™ or “speed” by pHOL vt

Grouping of $peed AUMDBELT .o e e e b e

Additional and unnecessary wWords e oot

Noze: One method of speed control not obvious, but used at least twice, was the assignment of altitude to allow

higher speed or force 2 lower speed.

H. Approach/Departure: Reference par 2-85%j, 4-60, 80, Chapter 5 sections 9-10, par 7-2, 10, par 7-2, 10, 31,

32, 33, 111 of FAA Order 7110.65G and par 4-86 of AIM.

Example:

Ll s

|

Conuoller: *...cleazed ILS rupway three five feft”
Pilot: “...ILS runway threc five left approach”

Cobz
Grouping of runway DUmMbBErs ..ot ceceneeeneens ehe oA ot et e e eAam b et e e ata et s s aees G
Incomplete description of approach by controilers i o O
Incomplete description of approach Dy PUOT .o e e P
Use of “join™ for "18tercept” and VICE VOS2 vttt et st cena e s en s searasns 3

Frequency: Reference par 2-85k. 86 of FAA Order 7110.65G and 4-33d of AIM

Exampie:

il

Conrtroller: *...contacr (Facility) tower one one cighs point five”
Pilot: “...{Facility} tower onc one eight poiot five™

Cooe
Addition of "on,” TaoW,” TEhe, 10 1 ittt e e e
Grouping of frequency numbers
Omission of “point”
BY the CONTOMEL ettt e et e e e e eeeee e e s s )
bv the pilot cesrerere s e saee s s - OSSO -
Gmission of the facility name or Funcneu by thc cont'oiie- ................................................................... 8]




p.

1
2
3.
4

Q.

W

~

Appendex D

Weather: Reference par 2-111, 2-85f, RVR 2.122.

Copz
Omission of “runway” when giving RVR e semsensvesssnss e O
Grouping numbers contrary ro standard phraseology .o G
Non-grouping of numbers contrary ro standard phraseology ..o, N
Failure wo includs the staticn (altmerer oFf Weather) o ettt e te e serae s s et O

AT1S: The pilot should report his awareness of current zirport information (ATIS) by staung the phonezic
lerzer of the ATIS information he has reccived. Conrrroller communication reference to ATIS should b= 1o
confirmn pilor awareness. Specific phraseology is not provided in cither AIM or FAA Order 7110.65G.

Cone
Addition 0 a single phonetic letzer .. b RN e he e saera e ea et e bt arn s aeses ntbinnanes BB
Noa-phonetic or incorrect phonetic imer; e ea b enar b et e et ekt e e e en arne e srnesen O
Words/phrases other than "confirm ATIS {%emr) .................... et et e e e et S

General Acknowiedgmt.nt: Word(s) used by 2 pilot as 2 general acknowledgment of a clearances
mstruction.

Note: "Roget,” "ok, “alright,” may be used in addition to aircraft identification znd/or readback of all or
portions of a clearance/instruction.

Note: This appendix is added as a guide for coding communication errors onto the ATSAT Coding Form.

The lists of errors are nutexhaustive, and itis possible to have more than one ervoz per aviation topic. Controlier
standard phraseology is aken from applicable parts of FAA Order 7110.65G, dated March 5. 1992, Pilot
phrascology is taken from applicable parts of AIM, dated March S, 1992, and where no phraseology is listed,
a combination of FAA Order 7110.65G and par 4-86b1 and 4-86b2 of the AIM is used. The examples are
iilustrations of correct phraseology, and the undetlined portions refer to the aviation topics. Aviation topics
appear in bold cype.
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User Documentation for Activity Catalog Tool (A.C.T.) v2.08

A.C.T. is a tooi for recording and analyzing sequences of activity over time. It was designed as an aid
for professionals who are interested in observing and understanding human behavior in field settings, or
for the study of video or audio recordings of the same. Specificaily, the program is aimed at two
primary areas of interest: human-machine interactions and interactions between humans. The program
provides a means by which an observer can record an cbserved sequence of events, logging such
parameters as frequency and duration of particular events. The program goes further by providing the
user with a quantified description of the observed sequence through apphication of a basic set of
stetistical routines. Finally, the program enables merging and appending of several files and more
extensive analysis of the resultant dan.

In order to best explain the utility and potential of A.C.T., we have programmed a demonstration file
which is included on the A.C.T. disk. This file, along with the foliowing set of instructions and

procedures, will serve as your introduction to A.C.T. We encourage you to open the demonstratior. file
(DEMO.ACT™, and follow the step-by-step tutorial provided below.

About A.C.T.

¢ The version of A.C.T you have received (v2.08) is the first public release of the software. While
much effort has been spent eliminating any bugs, we acknowledge that, as with any new software, we
can not gusrantee bug-free operation. Accordingly, keep in mind that we depend on you for feedback
concerning any probiems with, or questions z2bout, this software. For updates, questions, and to report
bugs, please contact Leon Segal or Anthony Andre, NASA ARC, M5 262-3, Moffett Field. CA 94035.
You imay also reach us via E-mail: leons@eosarc.nasagov OR andre@ecsarc.nasa.gov

+ When writing articles or reports in which A.C.T. is used or mentioned, please cite:
Segal, L.D. and Andre, A.D. (1993). Activity Catalog Tool (A.C.T.} 2.0 User Manual.
NASA Contractor Report CR-177634. Moffett Field, CA: NASA Ames Rescarch Center.

* We wouid appreciate receiving a copy or citation of any articles or reports in which ACT. is
referenced.

A.C.T. Program Requirements

e Mac I class (68020) or higher

o Systern 7.0 or higher (if vou want gw-processing "drag-and-drop” capability)
*  Working copy of Microsoft® Word™ or any text processor for viewing data files
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DEMO.A.CT.

Since A.CT. is designed to be used 2s 2 t00! during field observations and video analysis, we
have picked a particular scenario - the office - to serve as the example for the illustration of
the program’s functions. For the purpose of this demonstiration. imagine that we were
interested in recording and analvzing the activities of & person in their office: we may be
interested in designing a new layout for the office, or providing office personnel with a new
type of informaticn technology. We have seiected eight categoties of behavior which most
interest us: the person's physical position (standing or sitting), seven tasks m which they may
engsge (writing, typing, reading paper documents, reading the computer screen, searching
through files or talking on the phone), and one event which may be important to note - a visitor
entering the office.

The following description of our operation of A.C.T. assumes that we are sitting in an office, or
watching & closed-circuit TV or pre-recorded video of the same, observing an mdividual
interact with the physical environment which comprises that office.

Running DEMO.A.C.T.

Important note for Poperbopk wsers: Your Powerbook kas several settings which kelp it
conserce power; these same settings will cause the graphics used in A.CT. to look as if the clock
is not rurming smoothly. Note tha: this effect is visual only. and does ro:. in fact, effect the
program’s clock in any wey. For the sake of viswing & smootk misual interface. Rowever, you
may want o follow these sieps:

From the Apple menu, select: Control Panels

From the Control Panels menu, select: PowerBook

Hold down the option key and click on the "Options...” buttor in the Battery
Conservetion box

a. Select: “Don't sieep when plugged in” (if you intend to use exterme! power)

b. Select: “Dor’t allow cycling”

c. Select: “Standard speed”

bl S A

To start the demo program (DEMO.A.C.T\)

* Double click on the "DEMO.A.C.T." file icon: this opens our previously-defined office
configuration.

¢ Press OK or hit the return key to pass the title screen

* Enter "demo” for the data file and select Save or hit the return kev: you have now named
the file in which the next session’s data will be collected.
Notz: You do not have to enter a file name to go to the next screen (by selecting the Cancel
button), but you will not be able to start running the sesston until a data ble is named.

*  You are now looking at A.C.T s data—collection interface:

A-BD
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Data File: demo
Corfiguration. DEMOA.CT

0:00:00.00

-
i

CELAN] > Cgi * <wrlila > (:3 » Creas.p > <read.s > cpearch >‘§b€£ﬂe > EViRito

Fragquency:
Tatad TRme:

Notice that the keyboard-like irterface is configured for those behaviors and events on which
the demonsiration study focuses. Each one of the nine activities imeasurements, or
observational categories) described above is assigned to one of the nine keys on the display. On
the screen, each key is attached to a label which describes the particular activity (measure) to
which the key is mapped.

The Statistics Box appears in the bottom part of the configuration screen, displaying nine
columns (corresponding 10 the nine configuration keys), providing the two fundamental counts of
Frequency and Total Time for each.

You are now ready to start the observation session.
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Start:
{space bar}

Key functions:
Differens keys
may serve

different goals.

Seriai kevs:
These keys
record coents
and behaviprs
that are
mutually
exclusive.

Toswtnwobmﬁonsemm Pr&ssmespaoebaroruseshemmortose!ectme

sctivated. While the dockruns everyke} preswnlibeentered asa sepame
line in the data file.

Coliecting data: Let's assume that the observed person is sitting at their desk
when the session begins. Press the "5™ key — which is labeled “sit” — and notice
the feedback: a click sounds with the key press; a black tab appears on the key
and will remain there as long as it is selected; information in the statistics box at
the bottom of the screen indicates that the “sitting” button has been pressed once,
as well as continuously updating the length of time that button has been selecied.

Notice that since the kevs are configured to resemble the nine keys in the "home”
position on a keyhoard, the interface is designed to afford "blind” dedication of
your fingers to the keys, thus allowing you to enter data without looking at the
keyboard.

In this demonstration, the "S” key was configured to measure beth frequency and
duration of sitting. Depending on the research questions and scenarnio, keys are
configured to perform particular functions. Different kevs may serve different
goals, as you will see in the following section.

Now the observed person stands up. Press the "A," or "stand,” button. Notice that
along with the click sound, the black tab on the key, and the information in the
statistics table, one more thing has occurred: the "sit” (S) key has been switched
off. From a theoretical point of view, this is obvicus — the observed person
cannot be seated and standing at the same time.

IntheACT language thetwokeysof 'sit” and stand‘"areconsxderedsem!

ncmﬂmwﬂmg Asycu wt“seehter my
combination of keys — from two to nine keys — can be configured as serial. There
can be more than one grouping of serial keys as well. For example, in this office
configuration, you will notice that the read.paper (G) and read .screen (§) keys are
also configured as serial.

Imagine the person standing and sitting several times and record those activities
by alternating between the A and Skeys. Notice the changes in frequency and
time measurements displayed in the statistics box at the bottom of the screen.
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Paraiiel keys:
These keys
record eoents
aend behaviors
that may occur
at the same
time.

Let's agsume that our subject has started talking on the phone. Prase the "L key
— labeled "phons” — to creste a record of cur observation of the persen talking.
Notice that cne press of the key turmns it on; i will remain so until you press it
again when they have finished talking. As long as the key is "on” you will see
the black tab, as well as the incrementing of time in the corresponding cell in the
statistics box (row: Tota! Time On / columa: ).

Now let's assurie that the person starts to search through the file drawer while
still on the phone. Press the "K™ key — labeled "search.file” — to create a record
of cur gbservation of the person searching for a file.

Notice that pressing the K key did not affect the status of the previously-

selected “phone” (1) key. This correctly reflects the fact that one can talk on the
and search for a file at the same time. Acocordingly, in the A.C.T.

hngmge, the 'phnne and searchﬁ!e" keysare eom:dmd paraﬂd kegs

Notice also that pressing either the "phone”™ or “search.file” key did not affect
the status of the previousiy-selected “sit” (S) key. This correctly refiects the fact
that talking on the phone and searching the file drawer did not alter the fact
that the person is still sitting. The perscn may talk on the phone while sitting or
while standing: they may type while reading from paper (when copying from a
book) or while viewing the computer screen. Thus, the keys that are mapped to
these activities are configured as parallel keys. As such, each can be actvated
along with other paralie! keys as well as other sevial keys.

Anymuabuumdkeysanbemnﬁguredmfunchonaspamlleikeys En fa-:l,a_lj

lem Conﬁgunhon of keys as paralle!* senal~ or event-keys w.ll be
discussed later in this document.

Now press the “phone” key again to record the end of the conversation. Along
with the auditory feedback you will notice the black tab disappear, as wel! as
the epding of accumulation of time in the “phone” cell in row “Toial Time On."

Take a moment to play around with different combinations of paraliel keys.

&
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Event keys:
These keys
record discrete
events.

Scund:

The sound of a
key-press Gam
be turned off
and om.

Use this
command o
erase the mos?
recent key-

press.
182]

Replace:

Use this
commarnd to
replace one key
-press with
zmotRer.

{shift «

new keyl

A visitor walks in to the office. The " key at the extreme right of the screen is
used to record that event. Press that key; notice that this ime the black tab on
the key lights up only momentarity. The *" key ~- lzbeled the “visitor” key in
this configuration — has been configured as an event key. This mapping reflecis
eur intersst in knowing how many visitors enter the office, not how long they stay.

'rhus eachprusofanmlkwmtesa nme-stamped *ecordafthatevemm
the daia file. As is the case for the serial and paraliel keys, any and all of the
heysmybeconﬁgmed!oﬁmcﬁcnasmtkeys,acmrdingto VOUT DWn
cbservational requirements.

Press this key severa! times and note that in the statistics box only the frequency
count accumuiates.

We have pointed out that one of the sources of feedback &7 s key pressisan
sudible "click.” While this may be useful for "biind™ typing of inputs, it may be
100 distracting in situations in where the observed subjects are able to hear the
tlick. To turn off the key-press sound, select Sound from the Settings menu. To turn
the sound back on, re-select Sound from the Settings menu.

Notice that the check mark disappears when Sound is turned off and reappears
when it is turmed on.

Suppeose you aocidentally hit a key or you press a key in anticpation of an event
that doesnot gy occur. Hoid down the @ key and press "2” to uado the
iast key-press; alternatively, you may select Undo from the Edit menu. Notice
that the black t2b on the last key activated {denoted by the highlighted bar in
the statistics box) dzsappears as does the dat: assocxated with zha‘a kev-press in

Note: If you explicitly save datz wiih the “Save Data” comumand (see Save Data
section), you cannot undo the last input performed before saving the data. Also.
yOu Cannot undo an “undo” cormmand.

Suppose you observed the subject typing on the computer but accidentaily

the "write™ (D) key instead of the "typc” (F) key. Hold down the shift key and
press “F." Notice that the black tab on the "write” key disappears, while the
black tab on the “type” key lights up.

Note also that in the statistics box, the frequency and duration counts have
smv:hedﬁbmm'D"m to!he'l"kev Ihe Replace command allows you to
insiz = TESS anather. Whatever ime was accumuiated
in the Total Txne cmm: of the ﬁrs: kev {as a result of the last key-press) wili be
added tc the Totai Time count of the second kev.
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Pause key:
The recording
session may be
temporarily
paused. then
continued.
{delete keyl

Restart {Start):
[space bar]

Let's pause here to review what we've done. Select the PAUSE button on the
==reen (the one thm woks like a swop sign)or ]ust press the ‘deiete key I:eu;mg
4 .- k) g} ¥ 3 ) £ d l =

The duration of the pause will be reflected in the data file in two forms: “pause
on" and “pause off” are recorded on two sepanate lines, each of which has the
real-time clock-stamp. Additionaily, the "pause on” line displays the time on
the session-clock when pause was selected, and the "pause off” line displzys the
time the session-ciock would have shown had paused not been selected, ie,
{time-zt-pause-on) + {duration-of-pause}.

Nowmﬂ\e"‘TARTbumnorpr& thespaeebar mmmt_@m

Pause the program and restart it several times. Notice that a white tab on the
delete key provides feedback of key selection, &s does the very salient fact thay
the clock has stopped. Also note that whichever keys (or observational
categories) were selected before the pause remain selected throughout the pause
(though they do not accumulate time) and continue being on once START has been
selected again.
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Windows

A.C.T. enables you to open three different windows during a recording session. These windows
allow you t0 enter text comments and t0 view statistics tables describing the data that has been
logged up to that point in time. We will now open and view each of the three windows.

Note: The recording session continues in the background while 2 window is open. Pressing any
key will close the window. If you observe a change in sctivity and thus have to press one of the
active keys — e.g., & key that is part of the configuration, or a function key such as the “delete”
(pause} key — the windlow will close and the program will record andfor respond o whatever

key wes pressed.

Statistics
windown:
Descriptive
statistics.
[4D}]

Probabilities
window:
Transition

probebilities.

[6P)

o the poj ; pene "he l:st mc!udes for
mch vamble the ioliowmgmsures. freaucncv totai time on, % time on,
average time on, SLY time on, minimum time on, median time on, maximum time on,
and average titne between on.

The statistics window may be opened through the Windows menu in the menu bar
at the top of the screen or by holding down the 8 key and pressing D." Once the
witdow is open, pressing any key will close the window.

Remember that pressing a key that serves a function in the running configuration
will not only close the statistics window but will also activate that function.

To open this window, hold down the € key and peess "P or select Probabilities
fm'n the Wmdows menu. hu win mmg
i - 14 e olse v al categus
M!‘.EL 'l'he numbers represen' the ptobab:ht) of a ﬁrst—erder transition froma
category on the lefi-hand columin of the table to a category in the row at the top of
the table {see "From™ and “To" labels).

Remember that pressing a key that serves a function in the running configuration
will not only close the data window but will also activate that function.
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Commnenis
window:
Comments axd
text emtersd at
any tHme will
be saved in the
data file.
18T}

Let's suppose that at this point during the session an unexpected event takes
place. Perhaps the subject’s computer breaks dowr, or they sit on their desk —
some event or beha\ ior that is mpoﬁam yet éoes not have 2 pamcular key

Simply hold down the & key and press "T," or select "Conumnents” from the
Windows menu. You may now enter up 0 three lines of verbal comments with
automatic word wrap. Although the clock looks stopped on the dispiay, the

m continues to run. Your comments will be inserted into the daia file, along
with one time stamp identifying the precise time at which you opened the
comrnents window and another time stamp identifving when you presseu the
‘return’ key — o¢ selected “Enter Comments™ — 10 exit the comuments window.

Remember that pressing a key that serves a function in the rurzning configuration
wa Not only close the data window but wiii afse acti= 230 Dt function.
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Save, Reset and Quit

Now that you know the essentials of recording data and opening windows, we turn to the three
functions you need to know in order t complete the picture from the data coliection perspective

Save data:
Datn is seved
in the data file
named at the
session’s start,
%5}

Reset:
Resetting the
session will
resei the clock
end gll of the
sccumulated
date records.
{d-delsiel

Quit:

This command
termingtes the
session, closes
the progwam,

and sapes the
dala.

(803

Data is automatically saved upon quitting the program or when resetting the
program with a new data file name. You may also save the data file manuaily
Jduring the session or atits end: Simply select Save Data from the File menu, of
hold down the # key and press 5."

Mte that these surnmaries oniv mﬁac! the data accur\u}ated at
the Hre date was saved, and thus wili have d:ffetent values than the final
summarics at the end of the data fle

Go ahead and save the data, using cither the menu or the key combination. if vou
save the data while in session, the program will continue running and collecting
data normally.

Hold down the @ key and press “delete.” You will be asked if you are sure vou
want 1o reset the session. For now, in order to avoid resettang the program, press
"Cancel.”

appears in the statistics window, If you start runnmg the session agam after
Reset” was selected, the new data will write over the old data in the data file,
and no record will remain of the first session.

Note: As a safety feature, the program will ask you 2t each stage of the "Rewet”
routine whether you are sure about resetting and replacing the existing data file.
You wili also be prompted to name a new data fie if you want to save data in the
originsl file.

You are how ready to qmt the prcgram and to learn abou! configurations and data

i ] or hold € key 3 ress Q" to
SRSEX 1o filg : 034 You've most
pmmb!y noticed that the apphcamn has quit. hom ‘}o“‘e\‘er that you now
have a new file called "demno” in your folder. Thus is the data file created by vou
during this demonstration session.

A8
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Drata Files

Viewing data files: In order to view the data you have just collected using Microscft® Word®
{or your defauit text processor), double-ciick the "demo” data file, or open it through the File
menu on the menu bar. You may be asked to select a converier, with the “Text™ option as the
default. Select "OK™ (returx).

You will now see your data file in an unformatted text layout.  You may immediately sarnt
reading the file. In order to more easily read the statistics tables 2t the bottom of the file,
however, you will need to select the entire file (Select All from the Edit menu, o7 xesx 8-4)
and make two adjustnents 0 the document's format: 1} Choose 3 non-proportional fort. such as
Courier or Monaco, size ¢ point; and 2) Set the left and right margins t6 .57 (using the arTows on
the ruler bar, or through Page Setup in the File menu).

IMPORTANT: Data files should be saved in the original "Text Only” format in order to allow
for post data processing routines {see "Processing Data Files,” p. 17} If you want to save the
data file as a Microsoft® Word® (or other jormatted) document, make 3 copv of the ext-only
gatp filg before doing so.

*  Document Setup and Summary Information: At the top of the data file you will see 2 set of
instructions that wili serve you as a reminder for the above formatting instructions, folkowed by

recording time, total pause Hme, and total Sme of recording session.
p2 =3

s+ IMDORTANT! IMPORTANT! IMPORTANT! IMPORTANT! *=
Te read or print thia file in MS Rord:
1) Select all of the text in the file
2) Set the font toe a nocn-proporticnal font
like Monaco or Courier, & pt.
3) Set laft and right mazgins to £.5 in.
using Page Setup

Pata FTile: ’'demc’
Date 5 Time: Thursday, samber 23, 1533 12:58:37 PM
Rgcording Time: 0:17:41.32
Paused Time: ¢:01:13.08
Toral Time: P:18:54.40

e r e e o aw cum e rak swe Fae bk rde el frm kel 1B Pl

. W W S W RGP S R Y R R TR R W TR R S A A W W SR W SR A e W R TR EF AR R ER R R EE R ER WR AR A WW L ER W R em m

*  Daia Log: Under this header you will find the Data Log. Here is where vour time-
stamped inpuis are displayed, in chronological ordar. Data in the log is organizad in four
cojumns presenting, from left to right: 1. Key tvpe and achon; 2. Session time; 3. Real time; 4.
Key label and action. Actions are coded &s "+" for O and ™" for OFF.

-89
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Here is a sample Data Log:

H - =

t v v
H v Dats Log <«
L} v v
'

&+ 2:00:00.048 04:310:12

S+ 0:60:24.25 04:10:36 “sinrn+

At n:05:32.80 04:10:45 »gtand™+

5+ D:00:44.50 04:10:58 “sit™+

ae G:00-45.42 04:190:57 "atandT+

5+ 0:05:49.65 04:11:02 *sit™+

L+ 0:00:54.67 04:12:907 *phone™+

K+ 0:01:00.80 D4:11:13 *sgarch.file"+

E- 0:01:16.78 84:11:31 “sgarch.file"-

L- 0:01:38.02 04:11:5¢0 "phone™-

P+ 92:01:33.77 G&:11:51 “typeT+

J+ 0:01:40.87 04:11:52 "read. screen”+

2= 0:0::56.47 G4:12:08 “visicors”-

e §:02:03.45 04:12:15%

| 0:02:16.63 04:12:28

' Comment bagan

at 0:02:53.8%

angd fipished at 0:03:04.36

! This is where text comments are added

-+ 0:203:02.77 04:13:28

8- $:03:05.78 D4:13:32

5= 9:903:02.78 24:23:32 it~

F- 8:03:02.82 0e:13:32 “rpeT-

¥ 0:03:02.98 4:13:32 “read.screen”-
&= 0:03:02.95 04:13:32

H

Szmisymbolsappmrmmesm the first cohumn:
This is A.C.T.'s symbol for “Start Session.”
#- This is A.C.T.'s symbol for "End Session.”
@+  This is A.CT.'s symbo! for "Start Pause.”
G- This is A.C7.'s symbol for "End Pause.”
£ This precedes any entry that is not 2 data record, such as a text comment.

Since the Data Log is formatted to display ona line per each key press, long observational
szssions may generate data files that are several pages in length. For this reason, at the end of
the Data Log you will once again see the data file summary information seen at the top of the
peogram.

¢ Configuration Setup: Under the summary information you can see the Configcration Setup.
Ttis describes the observational category defined for each key and  “e particular function —
e.g.. event key, serial key — aliocated to different keys. Remember, since all keys function as
perallel keys by default, the program only lists those keys which were specifically defined
otherwise.
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v vonfiguration Setup v
v

Configuration File: 'DEMG.A.C.T.'

Configuration uses £oth hands.
‘A' ==> *gtand*

IS! - ‘sit-

‘DY -=> "radio®”

‘rl - wtmn

'G' ==> “read.paper”

tJY ==> “read.acreen™

*K! «=> “search.file"

LY ewd "pheae"

11 wad> "pisgizors®

Serial keys = { 'A', 5%
Serial keys = { 'G', 'J* )}
Tvant keys = { ‘';°* )

deB M 1N bk R FU PO IUR SN Sy IR Ry R bR A ek FMR L Arh

*  Statistics Sununary: Below the Configuration Setup, you will see statistic tables describing
your total set of data. These tables are identical to the tables you saw carlier when you opened
the “Data” and "Probabilities” windows.

The first table describes, for each variable, the following measures: frequency, totsl time on, %
titne on, average time om, SD time on, minimum time on, mediar tirne on, maximum time on, and
average time between on.

The secored table is 2 transition matrix listing the probability of first order transitions frem one
cbservational category to the other; enter the appropriate row and go across to the appropriate
column to find the probability of transitioning "From™ one behavior or event "To" another.

*  Text Comments: At the bottom of the data file, you will see a summary of all text comments
entered during the session. These are redundant with the comments listed individually in the
Data Log and are groupe together for your convenience.

IMPORTANT: Data files should be saved in the original “Text Only” format in order t allow
for post data nrocessing fousines {see "Processing Data Files,” p. 173. If you want to save the
data file =5 a Microscft® Word® (or other formatted) document, make 3 cOpy of the text-only
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Customizing Your Own Configuratien

ACT. was designed o aliow for easy configuration of its interface, including labeling of keys,
definition of key types {parallel, serial or event), and preferrad mode of key layout (left

handed, right

handed, or both hands). By default, if you open A.C.T. by double-clicking on the

ACT. icon, the keys ae arranged for input with both hands, all key labels map to the key's
letter, and all keys are in the parailel mode.

Open ACT. by double-clicking on the A.CT. program icon. Enter any name you choose for the
data file (Note: Do not use demo.1, demo.2, or demo.3 - these will be used Jeter in the
tutorial). You are now looking at the default configuration. The following instructions wiil
take you through the different options that are available for customizing the configuration to

youz Gwn needs.

Key layout:
The ieyout of
displayed keys
cant be changed
to allow typing
with both or
eitker hands.

Maxp krys

In this mode,
you define key
ton snd

label, and
customsize the
cleck.

oM}

Before you start labeling individual kevs, you need to decide on the general
layout of the on-screen keys. Would you like to type your inputs with both
hands? Will you need to take notes with one hand while entering data with the
other? Are you Jeft handed or right handed? A.C.T. was designed to allow you to
customize the key layout 1o your needs.

As you cen see, the default layout is for entering data with both hands. You may
charge the layout of the keys by selecting "Type with Left Hand" or “Type with
Rigiht Hand" from the Settings menu, or by pressing #-L or €-R o select a left- or
right-handed layout, respectively. Seiecting (§-B) will return the layout to the
both-hands setting.

Select different layouts to familiarize yourself with this capability. Leave the
configuration in whichever layout you prefer.

Note: The keyboard layout can only be changed before data collection has
started.

To enter the mapping mode, you may either select "Map Keys™ from the Settings
menu, or hold down the § kev and "M." As you will see, the Start, Pause
and Resex keys have been disabled, indicating that you cn pos run a data
collection session in this mode. Note that the clock wirndow has changed its
shading: this informs you that the clock settings may also be changed.
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Key ladeils:
Key lgbeis may
be changed to
reflect
different
oxtegories of
observation.

Key funcions:
Keys can be
defined os
parallel,
serial, or event
keys.

“Undefine” key

To retion sevial or

coeni brys to
paralisl function,
select Undefine
Controls from the
Settings menw.
(Y]

Teere are two ways 10 input label names:

Press the teb key. Notice that the iabel for the "A” key has been highlighted.
You miy now write text inio this latel. When you've finished entering your label
name, pressing {ab again will highlight the next label (letter “S"); pressing enter
will remove the cursor from the "A” labe! window. of the tab
key will move the highlight through all label boxes. When the last (right-
most) label is highlighted, of 1ab will highlight the first (feft-most}
label again. Pressing Shift-Tab wiil highlight the previous label.

Place the cursor on the labe! box for "A™ and double-click: the box is highlightad.
You may now write text into this label. When you've finished entering your izbel
rame, move over 1o the next label {jetter “S™ and double-click to highlight it.
You may now write text into this label. This same procecdure can be used to iabel

all the keys.

By defauilt, all keys are defined as paraliel keys.

To define serial keys:

Using tha cursor and holding the shift key down for multiple selections, select
those keys which you want to group as seriai, i.e., mutually exclusive keys. You
may also hokd the cursor key down and drag the mouse to select multiple keys. as
you would to select multiple objects/text in other Appie Micintosh applications.

When all related keys have been selected, o ‘penﬂe&mngsmuandm
"Define Serial Controts” or hold down the @ key and press "G. ™ When you coliect
data using this configuration, this group of keys wili act serially.

Note: You may define more than one group of serial keys. Once you have defined
one group, simply click the cursor on another set of keys you wish to define as
serial.

To defire event keys:

Using the cursor, select the key(s) to be event keys. From the Settings menu, chose
“Define Event Controls™ or hoid down the # key and press "H. * When you collect
data using this configuration, these keys will act as event keys.

When modifying an existing configuration or to correct a mistake while crezting a
configuration, you aan Undefine individual and groups of keys that were
previously defined as serial or event keys according to the following instructions.

Make sure you are in the "map keys™ mode by either selecting “map keys" from
the%xgsmuorbyholdmgdown&setkeymdprssmg‘h&‘

Using the cursor, select the key or group of keys 0 be undefined. Note that for

serial key groups, sslecting any one of the keys will highFzht ail the keys
associntec with that grouping.

Either selact "undefine controls™ from the Settings menu of hold down the
& key and preas "U."
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Setting the clock:
The sessiorn clock
mey Se preset {o
malck any other
ciock.

Saving the ne
configuratiot:

Sometimes you may want to synchronize the session clock with a pascicular cluck,
such &5 & time stamp on a video tape. Changing the clock setting from the default
setting of (:(0:06.00 is done by individually changing each one of the segments
(hours, minutes, seconds, or one-hundredths of seconds).

To reset the session clock:

Flace the cursor on the particular segment you wish to change
(hour/minute /second / 100th). Double-click to highlight the segment and enter
the desired setting.

Note: For obvicus reasons, you may not enter numbers higher thar 24 in the hour
segrnent, numbers higher than 60 in the minute andd second segments, and numbers
higher than 100 in the 100ths segment.

Anytime you exit the "Map Keys™ mode after changing or creating new labels or
key functions, A C.T. will prompt you to save the new configuration. We
recomumend that you always take this opportunity to name and save your
corfiguration by selecting "yes” when prompied.

Three ways to start A/CT.:

1. Click on program icon, then select “Open Configuration™ from the File meru.
2. Click on configuration icon.

3. Drag and drop configuration icon intd program kon.
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Processing Data Files

ACT. sllows you to manipulste the date three additional ways, two of which allow you tc combine
separate files into a larger file (append and merge) and one which provides you with added statistical
analyses (concurrency analysis).

Appending or merging data files allows you to do two things:
s You may take multiple files and append them sequentially into one long fite; A.C.T. wili
subsequently provide you with the statistical analysis of the resultant file.

¢ You may have two or more observers collecting data simulianeously, esch using his or her
own compuier and focusing on different activities — in effect, esch operating a different subset
of keys from the same configuration. Their data files may be merged to create ane
comprehensive file that includes all observations. The same can be done when transcribing 2
video recording, where one performs multiple passes over the same segment, each time creating
a data file thnt describes different activities, in effect, using 2 different subset of keys from the
sawe configuration.

Concurrency analysis allows you 2o :
¢ Examine the concurrence of different combirations of activities and events from a single file,
or from an appended or merged file.

To Perform Data File Post-Processing:
To perform any one of the post-processing data file manipulations, you must follow the next

steps:

1. Select those files that you would like to process.

2. Select the configuration that was used to create those files.

3. Drag and drop the selected files and the configuration together on to the A.C.T. program
icon.

We have provided you with three data Gles — demo.1, demo.2, and demw3 — with which you
can learn about A CT.'s data-file processing functions. Al these files were previously created
using the DEMO.A.C.T. configuration. Select the three data files and the configuration file,
then drag and drop them onto the A.C.T. program icon.

IMPCRTANT: Datz files shouid be saved in the "Text Only™ format in order to aliow for post
data processing routines {see "Processing Data Files,” p. 17). If you want to save the dat file
as a Microsoft® Word® (or other formatted) document, make a copy of the texi-only data file
defore doing 30.

At this point, the A.C.T. Data File Post-Processing window will open.

95
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R.C.Y. Date File Pos{-Processing

® Merge Flles
O fppent Fites

) frrange the order of the fiies by dregging them into position.

! Flle Names: StartTime End Time Session Time
H (gane. 1 0:00:00  0:00:92  0:00:02;
#idene. 2 ©:00:00 0:00:02 0:60:02{!
demo. 3 0:00:00 0:00:03 0:00:03

[Save fis...}

{Customize Concurrence...)

Select the Append Files button in the top left-nand corner of the window.

files:
This process Note: The two fields that open in the right hand corner when you select Append
alfows you to Files are carrently not functional. Subsequent versions of A.C.T. will allow you to

cremte one long use these buttons for greater conirol of data file processing.

fiie from

several shorier When you apperxd files, you are creating a chain of files which are connected

files that were “head to woe.” A.CT. allows you o select the particular order in which you want

recorded in 2 to append the files.

sequexce.
Notice that all the files you had chosen t0 manipulate appear in the A.C.T. Data
File Post-Processing window. The order in which they first appear is determined
by Session Time (from shortest to longest file). The files will be appended in the
ceder in which they appear, with the top file first and the bottom file last.

To change the order in which the files appear in the window:
"Drag and drop” the line of text corresponding to each file to the desired location
in the sequence.
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Ma;ingﬂeﬁ:

d!nmyoﬁw
create one file
from two or

wmore files that

at the same
time.

Corcanency
analysis:

This procedure
produce: two

new date tables
Shick present
statistics
regarding the
occerrence of
combinations of
activities.

Description of

concrarency tables:

Select the Merge Files button in the top left-hand comer of the window.

When files, £.C.T. consults the gsegsion clock to produce a file that
combines all the activities and events according to the time at which they were
recorded. For e, if one file has event A at 00:01 and event B at 00:08, and
the other file has event C at 0005, the merged fie will have event A at 0001,
event C at 00:05, and event B at 00:08.

IMPORTANT:
¢ You car only merge files that were recorded using the same configuration.

¢ You can enly merge files ‘n which different keys from the stme configuration
were pressed, i.e., the same key (activity) cannot appear in maore than one file.

* You can not merge files whick "split” groups of serial keys. That is, members of
serial key groups can only be activated within the same file.

One of the analysis tcols that A.C.T. provides you with allows vou to look at the
concurrence of different activities and events. You might want to know: How
often did the person lk on the phone while standing? How much time did the
person write while sitting?

ACT. will print out alf single activities and all possible combinations of two or
more activities that were recorded concurrently in the session. (Notice that the
“null” set of "o activity” is included in this listing.) Simply select & single file
and its configuration and “drop” them into the program icon. When the A.C.T.
Data File Post-Processing window opens, just click OK.

These data are presented € the statistical sumraries described above
(DATA FILES) in the form of two tables.

'All single and concurrent activities, sorted by total duration
NListed single keys and combinations ONLY)

This table lists all recorded activities, including single activities, mutuatly
exchusive combinations of keys, and the "null sat.” For example, the row that
describes the concurrency of activities X and Y includes only those times when X
and Y alone were activated; if activity Z came on while X and Y were on, the
data is included in ancther row, namely, in the X and Y and Z row. The listis
ordered by total duration, from longest to shortest.

ALl concurrent activities, sorted by total duration
(Listed key combinations, REGARDLESS of othsr concurrent activities)

This table lists all possible cornbinations of 2 or more recorded activities. For
example, the row that describes the concurrency of activities X and Y includes all
times that X and Y were on at the same Sime, regardless of what other keys were
activated at that same time. The list is ordered by tota! duration, from longest to
shortest.
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Qustomiring Remeriper that since il ascible combinations of activities are presented in both

CONCUITNGY default ubles described above, the particular combinations which interest you
aralysis: will be included in this table. However, customizing the concurrency analysis
You can define will produce two tables which present only those combinations that interest you,
particular ﬂlusﬁetmg)mufmmtheneedtosarchthroughwhﬂmyhewrybng ~ 1Al

activities thet  single and concurrent...” and “All concurrent activities...” tables.

create your owm To perform this customized concurrency analysis, you need to select the Customize

concurrency Concurrence button in the A.C.T. Data File Post-Processing window. A new
talles. window will open: "A.C.T. Concurrent Activity Sedection™
R.C.T. Concurrant Rctivity Selection
Sealect the concurrent activities for each graup:
Activity: #£7 ¥2 ¥3 x4 #5 #§ #7 #¥8
(R) - *stend” Ooooogogdggog
(s) - ~sit" CcCoQgOooooao
(9) - “write” R T O O R U O 4 R
(F) - “type* CcCooQoQQoao
(8) - “reed.paper” 0O0o0o0ogo a0
(J) - “reed.screen® Ooc oo oogao
(X) - "saarch.file’ ocooooQoogogoao
(L) - “phone" Ooo0o0ooQogao
;) - "wisitors" O o0 0o0oo0o0ogao
L J ;

You may select up to 8 customized combinaticns of activities. Combinations of activities are
described ir: columns. You define the specific combination(s) by selecting the desired
comnbination of boxes which cotrespond to the list of activities on the left hand side. Ornce you
have defined one or more combinations, click OK. Click OK sgain in the A.C.T. Data File
Post-Processing vindow. In addition 10 all data tables (see DATA FILES section above), and in
addition to the twp concurrency tables described earlier in this section, the Concurrent
Activity Table section of the data file wili have two new tables:

"All single and concusrent activities, selected by user
¥Listed single keys and combinations ONLY) "

This table presents only those unique activities, and /or combinations of activities, which you
had selected in the customization of concurrency analysis.

" 1AR concurrent activities, selected
KListed key combinations, RECARDLESS of other concurrent activities) *

This table presents all the possidle cosnbinations of those activities which you had selected in
the custornization of concurrency analysis.
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Summary

We have put much thought and time into making A.C.T. intuitive to operate. While we hope
that the above instructions provide concise answers to questions you have, we believe that most
questions can be answered simply by playing with: the program. We encourage you to explore
ALC.T's functions ancl capabilities in your daily surroundings: study yous partner's activities as
he/she cooks in the kitcher, try to find patterns in dialogs you hear on TV shows, or analyze
the strategies empioyed by your favorite sports tear. Remember that observational data
coliection depends primarily on the observer; A.C.T. is merely a tool, the utility of which will
be defined by your choice of context and manner of application.

As these lines are written, we are aware of constraints and limitations inherent in our design.
We intend to further refine this program and to add functions and capabilities that it does not
currently provide. To this end, we depend on your feedback and inputs. Please send your
coznments to the address provided en the cover page, and keep in touch 10 receive cur program
updates.

We truly hope you enjoy A.C.T., and thatin the course of its use, you find it a versatile and
productive tool.
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Create Date File
Define Event Controls

Define Serial Controls

Map Keys

Open CemAauzation

Probabilities

Quit

Replace

Reset

Save Data

Key Commands

Ezy command
€T

éN
$H

M

€0

deiete

4P

4€Q

shift-new key}

G-delete

&S

Rescription

The Comuments window allows you o record text notes
at any time during the session.

New data files can be created with this command.

Event keys are used to catalog the occurrence of
behaviors and events at a certain point in time; event
keys record time and frequency of occurrence, not
duration.

Serial keys are used to catalog behaviors and events
that are mutually exciusive — only one can occur at
any given time.

In this mode, you define the function of each key
and give each key a label.

Use this command to open previously-defined
configurations.

Pausing A C.T. stops the session clock and stops
accumulation of time for all categornies that are
selected 23 "on™ when the pause began.

Note: Pause can also be performed via a button on the
display

The Probabilities window displays a matrix
describing the probability of transitioning from one
observational category tc another.

This corrvnand rminates the session, doses the
program and saves the data.

The Replace command allows one to instantly replace
one key press with another.

Resetting the session will reset the clock and all
accumulated data records.

Note: Reset can aiso be performed via a button on the
display

Data is saved in the data file named at the start
of the session.

ACT. v20 User Mannal (22)



Bunction

Start {restart)

Statistics

Type with Both Hands

Type with Left Hand

Type with Right Hand

Undefine Controls

Undo

Eeyommand — Description

spacebar

éD

¢B

€L

¢R

U

¥4

Hitting the space bar wili (reistart your data
collection session.

Note: Start can also be performed via a button on the
display.

The Statistics window allows you to view several
statistics that describe the data coliected up to the
point at which the window was opened.

Selecting this option will configure the A.C.T.
interface to two-hand typing.

Selecting this option will configure the A.C.T.
interface for one-hand typing using the left hand.

Selecting this option wiil configure the A.CT.
interface for one-handt typing using the right hand.

Use this command t0 undefine previously-defined
event and serial keys.

The undo comenand is used 1o erase the most recent
key press.
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THE MAIN DIRECTIONS OF CVR DATA ANALYSIS
DURING THE ACCIDENT/INCIDENT
INVESTIGATION

A. S, Belan
interstata Aviation Committee, Moscow

It is well known, that the CVR data is an essential source of information for the air safety
investigator, &s it i often the oaly recorded source of human performance informatior.

So, the CVR data analysis is the obligatory one. and is to be made by the field team on the
accident site.

However, as the practical experience shows, the special laboratory research is required in some
cases. First of all. it is occrwred, when the recorder is badly damaged or the CVR data is needed
to be defined more accurately. The main stages of this research are presented on the scheme
{Appendix i). Asvou can see, it is traditional enough.

The main directions of the lsboratory research of the aura! & sound data are announced in
Apperdix 2.

The verifying of the results of the listening through inciude:

— verification of the conversation content;

— verification of the sources;

— verification of timing.

To analyze the above ttems, different methods of assessment & estimation are utilized.

In order to obtain the additional information sbout the circumstances of the acciden:, the special
Iaboratory research include:

— aural communication analysis of the cockpit conversation;

— speech analysis for the evaluation of the actual functional (psychophysical) condition of the
crew,

— analysis of the sound situation in the cockpit for the assessment of the warning stteation.

So. it is necessary now, to make the detail observation of the above directions (see
also the Appendix 3).

The aural communication peculiarity analyvsis contain:

— indentification of the disturbances in avral communication reception and transmission,
identification of the causes of such kind of disturbances and #ts result

— the research of the peculiarities of the intra~cockpit conversations.

Such metheds as the psycho-linguistic method (contect-analysis) & acoustic analysis of
different sources are used for this purposes.

Speech is ceriainly one of the most reach source of informatior about the condition of the
speaker. This is also confirmed by the practice of the accidentincident investigsdon. The
experience of the radioconverstion analysis shows, that a lot of problems. which are important
one for the evaluation of the crew condition in flight can be solved with this kind of analysis.

Proceedings of the Intemnational Acvosnace Congress 74C * 94, (Edited by M. Liberzon), Belan, A.S . The main dircgtions of
CYR datn analysis during the accidentincident imvestigstion, pr 156.759. 71995; with kind permission ffom Intcraational
Acrospace Congress.

A-103




So. ths probiems are:
— psycho-ermotionsl swess dynamics & degree of its intensity {wording normal stress,
increased stress, emotions] stress);
— degradation of the influence of the negative effects in flight (for exampie hypoxyv.
acceleration, vibration & so on);
— condition of the static physic load (including overloads and great strength to the control
units).
The applicated complex method include the utilication of the psycholinguistic & acoustic
method.
The acoustic (noise) background suggest the indentification of :
— sound warning and slarm signals of the aircraft warning systemn:
— sound effects of the various bouard systen;s and units;
— operating engine noise changing:
— sound effects of the sturcture failures and so on.
To achieve the solution of this problems. the special acoustzic methads were propased ta use.
The leboratory research of the CVR data requires good theory, update equipment & muore over
it is requires the excellent personal, which must have good command of language, as well as
psychology, physiology & acoustic. Due to the particularity of acoustic research in the
accident/incident investigation, the methods & facilities from the other spheres of indusiry are
not useful fot he tasks of the accident/incident inveastigation. Therefore, it is significant to
develop the theoretical ways of such kind of research, as the methods of practical operating. too.
According to the actual need of decreasing of the prosessing the CVR data, the expens of the
Scientific Technical Center of tie Commission for Flight Safety of the Interstate Aviation
Commitiee created the complex nrogram of the acoustic research o the base of [BM-compatible
PC. This program allows to fifili the following kind of analvsis:
- guditing analyvsis;
— oscillographic (it contains the opportunity to choose & to zoom any content of the
oscillographic record); ‘
— analysis of the spoctrum, in “frequence - intensity™ conrdingtes (swmmary spectrum and
cuts);
-~ spectrographic analysis, in “froquency - intensity - time™ (“visual speech”™).
Although this program provides:
— the main usefu! signal filtration {including filtration for the low frequency, high frequency
and other types of filtration);
— the reverse of the content of the oscillographic record ¢in order to produce the reverse
listening of the speech content).
— speach timing as for the separate speech contents as for the full record.
The utilization of this program technically provides the converstaion analysis creation for al!
above mentioned problems and acoustic research direction
In conclusion I should like to invite ali specialists, who are interested for the cooperation
in order to produce z new stage in the acoustic resesrch and to exchange with the
experience. Thank You!



Attichment )

The Main Stages Of CVR Data Analysis
During The Actident/incident Investigation

Evzluation of the CVR coadition

Preparation of the CVR recording medium for reproduction

Reproduction & listening throagh the CVR magnetic tape

Transcript Identification of r Timing of the
of the wpe the sources communication
i in the cockpit
Synchronisation of the communicaton in the t
with flight data recosding cockp!
Laboratory research of the CVR magnetic tape transcription
]
]

Special additional
the mls ot! studies
listrening throwgh

Documentation of the analyss resolts
Attichment 2

The Miin Directioes Of The Laboratory Pesearch Iato
The Auce! And Sound Deia, Recorded On The CVR Magnatk Tape

Verified resuits of Extnening through
Verification of the Varification of Varification of
coesmunication content sources timing

Avral corgmanicxtion
analysis (information )
recaplion-transmission

Analyss of the sound
situstion in the cockpit
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Attachroent 3
The Main Contents & Methods Of Special (Additional) Studies

"
Analysts of the avral Analysis of the speech o Anaiysis of the sound
cormmunieation evaluste the dynamics of the situation in the cockpit
functiona! condition
The main tasks: The main tasks: The main tasks:
— ientification of disturban-  — psyche-emotional stress dy-  — Mdentification of the sound
ces in aural information re- namics warning sipnals
seption and transmission
~ identification of the cuases  — evaluatior of the degree of — ilentification of the sound
of such disturbances psycho-emotional siress effects of various svstems
. & instruments operation
- peculianities of the in- — degradation of the func- — evaluation of the operating
tracockpit communication tional condition engines noise chanpes
- peculiarities of air-to- ~— influence of hazardous and - identification of sound ef-
ground communication emergency  situations Chy- fects of structure failure and
poxy, accelerations, vibrs- decomprassion
tions, static ioads)
Methods used: Methods used: The method used:
— linguistic anziysis — psycho-linguistic analysis — acoustic analysis

- scoustic analysis — RCOUStic analvsis
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Or the conitribution of instance-specific chararterist
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perception. First, we observe variability in the intelligibility of different sentences
across many talkers and listeners. Second, we observe variability in the
intelligibility of different talkers across many sentences and listeners. And third,
we observe variability in the perceptual strategies used by different listeners in
learning to identify the voices of different talkers, and in their use of this talker-
related information in speech perception. In other words, we observe that some
sentences are more intelligible than others, that some talkers are more intelligible
than others, and that some listeners make better use of instance-specific
information in speech perception than others. The findings reported here
represent an attempt to identify some of the specific utterance-, talker-, and
listener-related correlates of speech perception.

Two sources of data provide the basis for our analyses. The first set of data
come from a talker variability database of 100 Harvard sentences produced by 20
talkers (ten females and ten males) giving a total of 2000 recorded sentences [11].
This database also includes intelligibility scorss for each sentence and talker.
These scores were obtained from listening tests in which 200 listeners (ten per
talker) transcribed each of the 100 sentences. Examination of these intelligibility
data revealed considerable variability in the intelligibility of individual sentences
and individual talkers.

The second set of data comes from a talker identification study {12}, in which
listeners were trained over a period of several days to identify the voices of ten
talkers (five females and five males). The stimuli were recordings of isolated
monosyllabic words produced by the ten talkers; nineteen listeners were trained
over a nine-day period to identify the talkers by name. On the tenth day, subjects
participated in two test phases: the first was a talker identification task in which
subjects were required to explicitly identify the now “familiar™ voices producing &
new set of words; the second was a speech intelligibility task in which subjects
identified 2 new set of words produced by either the old, famniliar talkers or by a
new set of ten unfamiliar talkers {12]. The results of this study p:ovxde
information about the relationship between talker distinctiveness (that is, talker
identifiability) and talker inteiligibility, 2s well as data conceming the variability
in the performance of different listeners in these two types of perceptual tasks.

Taken together, the resuits from analyses of the talker variability database and
the talker identification study provided us with a rich set of data that we used to
avnlore instance-specific correlates of speech intelligibility.

2 UTTERANCE-RELATED CORRELATES OF SPEECH INTELLIGIBILITY

We begin with an analysis of the specific sentence-related characteristics that
correlate with variability in sentence intelbgibility. The intelligibility tests using
the 100 Harvard seritences from the talker variability database showed that the
sentence intelligibility scores across all talkers and listeners ranged from 54% to
98% correct transcription, with a mean and standard deviation of 87.7% and
8.65%, respectively. In order to examine the sentence-related correlates of this
variation in intelligibility, 2 set of high-intelligibility sentences was selected for
comparison with a set of low-intelligibility sentences. The high-intelligibility set
consisted of the 14 sentences with greater than 35% correct transcription; the low-
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inteiligibility set consisted of the nine sentences with less than 75% correct
transcription. All Harverd sentences have one clause consisting of five keywords
and any number of additional funchion wozds. Accordingly, these sentence
intelligibility scores are based on a scoring criterion which counts as corzect only
those trunscriptions in which all five keywords are correct. Since all of these
sentences are similar with respect to clause structure, our comparisons of the sets
of high- versus low-intelligibility sentences focused on characteristics such as
smtence length and the lexical characteristics of the individual

Our first finding in comparing the high-intelligibility sentences and low-
intelligibility sentences was that the high-intelligibility sentences have fewer
words on average {7.2 versus 8.2 words per sentence, p(21)=0.03). This count of
words includes all words in the sentences, even though the sentence
intelligibility scores are based on the correct transcription of only the five
keywords in each sentences. The results suggest that the number of words
surrounding the keywords has an effect on the overall sentance intelligibility:
Words in longer sentences are more susceptibie to error than words in shorter
sentences. Furthermore, an examination of the repeated transcription errors for
both set of sentences showed that almost all of the few errors on the high-
intelligibility sentences can be traced to a low-level perceptual error, whereas for
the low-intelligibility sentences many of the numerous errors can be thought of
as higher-level "memory” errors. For example, a repeated error in the high-
inteiligibility sentences was found in the first word of the sentence, “Kick the ball
straight and follow through”, which was transcribed as “keep” more than once.
Clearly, these two words are very close phonetically, as well as both being
semantically compatible with the rest of the sentences. In contrast, a conmunon
error in the jow-intelligibility sentences was the interchange of “strong” and
“firm” in the transcription of the sentence. “The heart beat strongly and with
firm strokes”. In this case, the souro® of the error appears to be a memory
confusion rather than a misperception. Thus, based sn the error patterns
exhibited by these examples it seems plausible that longer sentences have more

iption errors due to the higher memory load.

The second finding from our comparison of high- and low-intelligibility
sentences examined the characteristics of the keywords. Across all Harvard
sentences, the majority of the keywords were content words, that is, words that
can be morphologically complex such a2s nouns, verbs, adjectives, and adverbs;
however, in many cases the five keywords of a sentence inciuded one or mcre
function words, that is, words that are morphologically simplex such as
auxiliaries, prepositions, pronouns, and demonstratives. A comparison of the
keywrords in the high- and the low-intelligibility sentences showed that the high-
intelligibility sentences had a higher proportion of function keywords (21.4%)
than the low-intelligibility sentences (11.1%). Since function words generally
have a much higher frequency of occurrence in the language than content words,
the higher proportion of function keywords in the high-intelligibility sentences
leads to a higher mean word frequency for the keywords in the high- compared to
the low-inteliigibility sentences (1064 versus 152 occurrences per one million
words of printed text, p(113)=0.05)!. Similarly, since function words are generally

1 These word frequency counts are based on the Brown Corpus of printed text [13].
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shorter than content words, the mean word length for the high-intelligibility
sentences was shorter than for the low-intelligibility sentences (3.6 versus 4.1
phonemes per word, p{113)=0.025). These analyses suggest that overall sentence
intelligibility is related to the mean word frequency and length of the individual
words in the sentence, which are, in turn, related to their lexdcal status (that is,
function versus content word).

Another difference between the high- and low-intelligibility sentences is
related to the neighborhnod characteristics of the keywords [14]. The “similarity
neighborhood"” of a word is the set of words that differ from the target word by a
one phoneme substitution, deletion, or addition in any position {14]. The “lexical
density” of a neighborhood is equal to the number of such neighbors, and the
mean neighborhood frequency is the mean word frequency of all the words in a
lexical neighborhood. Using these neighborhood characteristics we can describe 2
word as “easy” if it comes from a “sparse” neighbothood, and/or its frequency is
higher than the mean neighborhood frequency of other phonetically similar
words. Such a2 word has been shown to be more accurately and quickly identified
than a “hard” word, that is, one that comes from a "dense” reighborhood, and/or
does not occur with a higher frequency than its neighbors [14-16]. Using a
computerized version of Webster's Pocket Dictionary, which is based on 20,000
entries, the neighborhood characteristics for the keywords in the high- and low-
intelligibility sentence were found and analyzed?.

As shown in Figure 1, for the high-intelligibility sentences the mean difference
between keyword frequency (1140 per million) and mean neighborhood
frequency (185 per million) is quite large (955 per million); whereas, for the low-
intelligibility sentences the difference is 59 per million (209 - 150).

1000
]
800 1
Mean difference between 600 -
keyword frequency ‘
and mean neighborhcod
frequency 4001 g7z
W01 P 7
1 77
High Low

Figure 1. The mean difference between keyword frequency and mean
neighborhood frequency for the high- and low-intelligibility sentences.

2 Of the high intelligibility sentence keywords, 59 out of 70 (84.3%) appeared in this online
dictionary: of the low intelligibility sentence keywords, 43 out of 45 (95.6%) were in this
dictionary.
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Additionally, a higher percentage of the keywords in the high-intelligibility
senterices have higher frequendies than the mean frequency of the other words in
their similarity neighborhood. In terms of mean neighborhood density,
however, the high- and low-intelligibility tentence keywords come from equally
dense neighborhoods (13.6 versus 13.3 neighbors per keyword). Thus, based on
these analyses, the high-intelligibility sentences contain keywords that are more
distinctive from their similarity neighborhoods ‘n terms of word frequency, and
they are therefore “easier” to recognize than the low-intelligibility sentence
keywords. In other words, these words are more perceptually salient, and
therefore less confusible with other phoneticzlly similar words.

In summary, we have found that the number and nature of words that
comprise a sentence have an effect on the overall intelligibility of the sentence, as
measured by listener transcriptions. Specifically, words in longer sentences are
more vulnerable to transcription errors than those in a shorter sentence.
Additionally, the lexical and neighborhood characteristics of the individual
words that comprise 2 sentence, such as word frequency and meen neighborhood
frequency, correlate with its overall intelligibility. Specifically, on average, the
high-intelligibility sentences have more function keywords than the low-
intelligibility sentences, resulting in words that are generally more frequent and
shorter in length. Furthermore, the keywords in the high-intelligibility sentences
are perceptuslly more distinctive relative to other phoneticaily similar words in
their lexical neighborhoods than the keywords in the low-intelligibility sentences.
Earlier work has shown that such lexical and neighborhood characteristics are
determining factors in the speed and accuracy of isolated word recognition [14-16};
the present results extend this finding to words in sentences by dernonstrating

that these same lexical characteristics play an important role in overall sentence
intelligibility.

3. TALKER-RELATED CORRELATES OF SPEECH INTELLIGIBILITY

We now turn to a discussion of varisbility in talker intelligibility. The mean
intelligibility scores across all 100 sentences for the 20 individual talkers in the
talker variability datsbase ranged from 81% to 93% correct transcription, with a
wesie aind standard deviation of 87.9% and 3.1%, respectively. Many talker-
related, or “indexical®, factors might be expected to correlate with talker
intelligibility, such as gender, overall speaking rate, dialect, fundamental
frequency, vocal tract length and other details of speech production that can vary
idiosyncratically from one speaker to another. In this section, cur aim is to
identify some of the talker-related factors that may affect speech intelligibility.
We focus here on gender and overall speaking rate, as well as ¢n two cases that
examine talker-related details of speech timing in order to understand their
perceptual consequences.

In a recent study of the TIMIT multi-tslker database {17}, Byrd [18] found that
the prevalence of reduction phenomena, such as, increased speech rate, reduced
frequency of stop releases, alveclar flapping, and vowel centralization were more
prevalent among male speakers than female speakers. Based on this result, one
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might expect that the more carefully articulated speech of females would lead to
higher intelligibility scores for females than for males. In fact, a comparison of
the intelligibility scores for the female and maie talkers in our database showed
that the females have generally higher intelligibility scores than the males (89.4%
versus 86.3% correct transcription, p{18)=0.02). Furthermore, all three of the
talkers with intelligibility scorss above 90% are female, and all three tajkers with
intelligibility scores below 85% are male. Thus, this correlation of gender and
intelligibility in our database is consistent with the higher incidence of reduction
phenomena for male talkers than for female talkers in the TIMIT database [15].
Taken together, these two results suggest that male and female speech differ in
the precision of articulation, and that this difference has an effect or overall
speech intelligibility. However, a direct connection between speech articulation
and intelligibility for d’fferent talkers still remains to be made from the same
source of data.

Overail speaking rate has been shown to be the primary factor that
distinguishes carefully articulated speech from reduced speech, since many other
reduction phenomena can be directly related to it [19-22]. Thus, we began by
examining this factor in cur attemnpt to explore the connection between reduction
phenomena and overall speech intelligibility for male and female talkers. A
comparison of the sentence durations for all 100 sentences for the three talkers
with the highest intelligibility scores with those for the three talkers with the
lowest intelligibility scores in the talker varizbility database revealed that, indeed,
the former are longer than the latter (2054 versus 2008 milliseconds, p(598)=0.03).
This suggests that overall speaking rate and intelligibility are factors that
distinguish the most from the least intelligible talkers. However, we also found
that the mean sentence durations for ali ten males were longer than for 21l ten
fernales (2155 versus 2085 milliseconds, p(18)<0.001), and that for all 20 talkers,
mean sentence duration did rot correlate with mean talker intelligibility (r =
0.073). Thus, aithough the most and least intelligible talkers in this sample can be

ed by both gender and speech rate, when the whole set of speakers is
included in the analysis, the correlations between gender and rate, and
intelligibility and rate no longer hold. Furthermore, we found no evidence that
sentence intelligibility and speaking rate correlate: there was no significant
difference between the mean sentence durations for the fourteen high
intelligibility sentences and the nine low intelligibility sentences (2125 versus
2149 milliseconds, p=0.78); and for ali 100 sentences, mean sentence duration
across all 20 talkers did not correlate with mean sentence intelligibility score (r =
0.016).

in sununary, it appears that gender may indeed correiate with talker
intelligibility: however, it is not immediately apparent that, for all speakers, this
correlation is due toc overall speaking rate. This result leads us to suspect that,
although speech rate may play a role in determining the intelligibility of a talker
(as shown by the rate difference between the three highest and the three lowest
intelligibility scorers in our talker variability database), there are additional factors
that can vary independently from overall rate and that contribute to overall
talker intelligibility.

In order to investigate the fine-grained variability in timing details that may
contribute to talker intelligibility, we present two cases of consistent listener
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errors that shed light on the perceptusl consequences of some idiosyncratic
timing differences between talkers. The first case comes from the phrase, “The
walled town...” which was often transcribed by listeners as “The wall town ...%.
This error constituted 90% of the transcription errors for this sentence. In order
to determine the acoustic factors that correlate with /d/ recognition in this
phrase, various portions of the speech signal for each speaker were measured and
then correlated with the rate of /d/ recognition for that speaker. The vowel-to-
vowel durations, that is the portion between the /el/ of “wall” and the /at/ of
“town,” was measured from the point at which there was a marked decrease in
amplitude and change in waveform shape as the preceding vowel-sonorant
seauence ends, until the onset of periodicity for the following vowel. In almost
all cases, this portion consisted of a single /d/-like closure portion and a singie
/t/-like release portion. Most taikers (18/20) did not release the /d/ and then
form 2 second closure for the /t/. Furthermore, the /d/ closure portion generally
consists of a pericd with very low amplitude, low frequency vibration, followed
by a silent portion and then the /t/-like release burst and aspiration periods.
Separate acoustic ineasurements of all of these components of the vowel-to-
vowel period were taken, as well as the duration of the preceding /wal/ sequence.

Rank crder correlations of these measures with the rate of /d/ recognidon for
each talker showed that the total vowel-to-vowel duration correlated quite highly
with /d/ detection (Spearman rho = 0.702); however, an even higher correlation
was found with the duration of »oicing during the /d/ closure (Spearman tho =
0.744). In fact, this cozrelaiion be.:veen the absolute ameunt of voicing during the
/3/ dosure and the rate of /d/ detection for the individual talkers was strenger
than any other proportional measure of this period. For instance, the rank order
correlations between the proportion of voicing during closure to the tota] dosure
duration, and to the duration of the preceding word /wal/ were only -0.412 and
0.033, respectively. In other words, the duration of voicing during clesure, in an
absolute sense, appears to be the most reliable cue to the presence of a2 voiced
consonant in this phonetic environment.

inter-talker variability in voicing during voiced stop closure is a well-
documented phenomenon in the production of American English, e.g. [23};
however, it is generally thought of as a less-reliable, secondary cue to s
voicing. The present correlation of the talker intelligibility data with the acsustic
data provides a direct perceptual correlate of this source of varisbility and shows
that listeners are, indeed, sensitive to this zcoustic-phonetic variation, and use
this information as a cue to the presence or absence of a segment.

The second case of a consistent listener error occurred in the phrase “the play
seems”, which was often transcribed by listeners as “the piace seems”. Thic arror
constituted 70% of all the transcription errors for that sentence. In this case, we
examined the timing details of the acoustic signal in order to see what
determined the syllable affiliation of the medial /s/. Measurements were taken
of the duration of the /s/ (marked by the high frequency, high amplitude
turbulent waveform) and of the preceding and following syllables (/plej/ and
/simz/ respectively). Results showed that the absolute duration of the /s/ does
not correlate very strongly with the rate of “play seems” iption (Spearman
rho = -0.254); whereas, when taken as a proportion of the /plej/ duration, that is,
as a proportion of the preceding word, the rank order correlation with rate of
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“play seems™ transcription is quite stong (Spearman rho = -0.653). In other
words, the longer the /s/ relative to “play”, the more likely it is to be syllabified by
a listener as both the coda of the preceding word, and the onset of the following
word. Thus, in this case the listeners appear to draw on more giobal information
about the speaking rate of the talker in deciding on the placement of the word
boundary (see [24,25]).

Furthermore, in this case, there appears to be a gender-related factor in the
tizning relationship between the medial /s/ and the preceding word, “play”. Of
the ten talkers with the shortest /s/ over /plej/ duration, and the highest
percentage “piay” transcription, eight are female; and, of the eight talkers whose
renditions of this phrase were always correctly transcribed, seven werz female.
Thus, in this case, the female talkers as 2 group appear to be more precise with
respect to controlling this timing relationship than their male counterparts.
Although this case is not a matter of reduction (in fact, the correct form is shorter
in duration), the apparent gender difference in speech production, which is, in
turn, correlated with rate of comrect transcription, is consistent with the
hypothesis that the more carefully articulated speech of female talkers is also
more intelligible. Moreover, this case provides an example that explains why
overall speech rate is not the only, or even the primary, taiker characteristic that
determines talker intelligibility: finer acoustic-phonetic details of the tizning
relations between phonetic segments in an ulterance make an important
contribution to overall speech intelligibility.

4. LISTENER-RELATED CORRELATES OF SPEECH INTELLIGIBILITY

Information about the variability in speech intelligibility due to listener-
related factors was obtained from the taiker identification training studies, in
which the listeners were divided into twe groups based on their performance
during training {12]. In this study, nineteen listeners were trained to explicitly
identify by name the voices of ten talkers producing isclated, mono-syllabic
words. By the ninth day of training, nine listeners were able to identify the
talkers with greater than 70% accuracy; whereas, the remaining ten listeners
failed to reach this level of

Figure 2 shows the scaling solutions of the confusion matrices for the two
groups of listeners on Day 1 (Figures 2a and 2b) and Day 9 (Figures 2¢ and 2d) of
the training period®. On Day 1 of training both groups of listeners were ejfective
at separating the fernale and male speakers along dimension one (DIM 1); and, for
both groups at this stage, speaker M2 is distinctive in this dimension. However,
within the male and female groups of speakers, the individual speakers are not
very wall dxstmgmshed along either of the other two dimensions for both the

"good” and "poor” listener groups. By Day 9 of training, however, the "good”
listener group appears to distinguish the female talkers along dimension three
{DIM 3) and the male talkers along dimension two (DIM 2). In contrast, by the
end of training the listeners in the "poer” listener group seem to have tried to
use all three dimensions to distinguish each of the ten listeners, and, as a result

3 These scaling solutions were generated from confusion matrices that counted the number of
times listeners confused each voice with each of the other nine voices (see [26.271).
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they are less successful at the talker identification task than those in the “good”
listener group. Thus, these sceling solutions demonstrate that listeners differ in
the strategies they use to learn to explicitdy identify different talkers, and that
taikers differ in their distinctiveness. This finding raises two issues. First, does
learning to explicitly identify the voice of a talker help in 2 word recogrition task
with words spoken by the familiar voice? And second, is talker distinctiveness
related to overall talker intelligibility?

“good” voice identifiers "poor™ voice identifiers
() ®)
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Figure 2. Scaling solutions for the listener data from the talker identification
training studies: (a) Day 1 for the “good” listener group, (b) Day 1 for the “poor”
lisizner group, {¢) Day 9 for the “good” listener group, (d} Day 9 for the “poor”
listener group (from [26]).

In response to the first issue, we found that in the test phase of the study, the
"good” listeners showed an advantage in the word recognition task for novel
words produced by familiar voices over novel words produced by unfamiliar
voices; whereas, the "poor” listener group did not show any difference due to
voice familiarity in the word recognition task. Thus, the "good" listeners
apparently use their knowledge about a talker's voice such that their performance
on a word recognition task is enhanced relative to the "poor™ Iisteners. This
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result suggests that listeners differ in their ability to learn to identify talkers’
voices and that these differences in perceptual learning do indeed affect speech
percepticn.

We have seen that from the listener’s point of view, individual voice
identification and word recognition interact, producing an advantage in the
recognition of novel words spoken by familiar voices relative to unfamiliar
voices {see also, [27-29]). A related questxon 5 whether tafker distinctiveness and
talker intelligibility arc correlated; in other words, is the most distinctive voice
also the most intelligible voice? It is clear from the data in the talker variability
database that some talkers are more inteiligible than others. Furthermore, it is
clear from the talker identification training study that some talkers’ veices are
more distinctive than others; for example, as shown in the scaling plots in Figure
2, Talker M2 is easily distinguished from the cther nine talkers at the start of the
training pericd by both the “good” and “poor” groups of listeners. However, the
data from the talker identification training study indicate that although Talker
M2 is the most easily identified across ail listeners, this talker has the second
Iowest word intelligibiiity scores across all listeriers and words. Furtherniore, the
overall rank order correlation for the ten talkers’ identifiability and intelligibility
scores is quite iow {Spearman rho = -0.143), indicating that voice inteliigibility
and identifiability are not well correlated. Thus, it would appear that from both
the listener’s and the talker’s points of view, individual voice identifiability and
speech intelligibility are separate factors that, although not correlated, can interact
to the extent that instance-specific characteristics are employed in the general
processes of speech communication.

5. CONCLUDING REMARKS

The findings reviewed in this report suggest that the “indexical” [30] or
“personal” properties of speech may play an important role in speech perception
by placing constraints on phonetic and lexical interpretation. Hurnan listeners
apparently do not discard the fine instance-specific phonetic details that are
enccded in the speech signal. As we have seen from two separate sets of analyses,
these acoustic-phonetic details are preserved in memory and provide a rich
source of information to assist in speech perception.

Specifically, the results of these mvestigations piovide & cicar wcnwioiativit
of the relationship between variation in speech intelligibility and variation of the
speech signal due to sentence- and talker-related characteristics. The results alse
show that the lexical and neighborhood characteristics of the words that comprise
a sentence correlate with its overall mtelhgxblhty, implying that lexicail
characteristics that determine isolated word intelligibility operste at the sentence-
level as well. Additionally, we found a correlation between inter-talkes
differences and overall taltker intelligibility, suggesting that listeners are sensitive
to the fine-grained acoustic-phonetic details that distinguish the speech of one
talker from another, and that these differences contribute to a specific talker's
overall intelligibility. Taken together, the corzelation between word-level
characteristics and overall sentence intelligibility, and the correlation between
fine-grained acoustic-phonetic differences and overall talker inteiligibility,
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demonstrate the important role that variability plays in comroﬁing speech
intelligibility. Thus,-the pattern of results that emerges is one in which
seemingly small, detailed effects are retained throughout the process of speech

rception. The results indicste that, rather thar being normalized to fit an
abstract, idealized symbolic representation of the meaningful units of speech,
these sources of low-level variability in the acoustic signal “propagate up” to
higher levels of processing to modulate speech intelligibility.

The results of the t:lker-identification training study provide a direct
demonstration of listener-related differences and the eifect these strategies have
on speech perception. The data zlso show that a listener’s ability to leam to
identify talkers voices transfers to the recognition of new words produced by the
familiar talkers. Thus, listeners apparently retain “talker-specific” information in
memory and make use cf this stored information in speech perception and
spokmwordrecogmnm This study suggests hat speech perception is a "talker-
contingent process,” and that the tal.ker-specxﬁ mdencal properties of speech
may not be clearly dissociated from the abstnct, linguistic properties; rather,
listeners eppear to be sensitive to both typesofmfomummthespeedns:gml,
and that knowledge about a talker’s spexific vocal tract properties may assist in the
perception of that talker's speech. We interpret these zesults as providing 2
demonstration of the contribution of instance-specific information to
pemphom. Rather&anmmng&teuﬁtmtmabnhtyofﬂ\emusuc
signal as “ncise” that is somehow filtered out, or "normalized”, by the processes
of speech perception, we consider instance-specific variability &5 information in
the stimuius that is directly encoded in the neural representztion of speech, and

is operative throughout the processes of speech perception and spoken word
recognition.
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Selecied Topics in Forensic Voice Identification

Ongoing law enforcemnt operations throughout the
worid are continually captuang the voices of suspects with
Miniature tansmiter/ receivar systems, analog and digital
on-the-body recorders, teleshone intercept devices, and con-
cealed room microphones. Since these recondings are nor-
mally utilized for investigative leads and/or legal
proceacdings, specific speekers must be acturately identifved.
Voice entifications that occur through self-recognition of
one's voire, eye-withess information, surveillance Jogs, and
the use of a person’s name in the conversation ste usually
readily accepted. However, voice identificetions that in-
volve listening only and/or Jaboratory tests are often more
difficult to evaluate accurately. To provide a better under-
standing of these voice comparison topics, two tvpes of
aural-only comparisons will be discussed, and an update on
the spectrographic technique is included.

Aurel kdentification of Familiar Voices

Recognition of familiar voices is 2 daily occurrence for
mast people, as they identify spousss, children, cowockers,
friends, and business associates afier only a few words
spoken over the telephone or by hsaring them from an
adjwcent rootn. This process involves long-lerm memory,
where recognition occurs through a price knowledge of
speech characteristics, including such attributes as accent,
speech rate, pronunciation, pitching, vecabllary, and vecal
variance (intraspasker variability).

Some of the relevant scientific ressanch and opinions
that address the accuracy of identifying familiar voices
include the following:

1. Researchers used 7 listenars who were familiar with the
16 chosen speakers through daily contact. The ypeakers
had no pronounced speech defects or accants. Groups
of two t0 eight speech sampies of varying lengths were
plaved back to the listeners, which resuliad in an iden-
tificatioe: accuracy of batter than 95% for samples lasting
from about 1 © 2 seconds. Voice samples were also

restrictec!, but the resuits reflected only 2
limited loss of accury under conditions normally
encountersd in law enforcement inwestigations. In tests
involving whisperad speech, the durstion had to be
somewhat graater than three Gmes longer than normal
spzech samplas to obtain equivaient levels of identifica-
Bon {Pollack ¢ of. 1954).

2. Sixteen listenets with no haaring losses, whohad known
the recordad 10 male coworkers forat leas: 2 yaars, were
chosen. None of the 10 recorded individuals had either
pronounced regional accents or speech sbeormalities.

7e Crma Laboretory Digest

Bruce E. Koenig
Federal Bureau of Investigation
Quantico, YA

When the listeners hreard sentences of less than 3 sec-
onds duration from the 10 coworkers, their median
scruracy rate of identification was 98% (range of 32% 10
100%). When only a disyllable (e, mama) was spoken,
the mectian sccuracy mte dropped to 88% (range of 3%
o 98%) (Bricker and Pruzansky 1965).

In a study of coworkers, recondings were made on
different Yines of four women and sevenmen,
each talking for 30 seconds 10 1 minute on a neutral topic
such as the woather. An additicnal recording was
prepared of another mmale, who was relatively unfamil-
iar %o most of the Hstesers. The recordings were ar-
ranged in a random order and played w0 10 of the other
coworkers, who were asked 1o identify the spaakers.
~Al the Bstaners exoept one correctly identified all the
11 {coworkers] .. The one listener who made an error...
corsfused two who were not well-known to
him. Three of the 10 listeners knew [the sighth male,
who was nol 2 coworket], and correctly identified him
Of the resaining seven listeners, only two s3id that they
cwbdnotmﬂuspuks Fivelisteners wrongiy
identifind this 23.." another one of their co-
workars. “Itis worth noting that four of the fivelisteners
who made the wrong i idumﬁcatm waree highly skilled,
experiencad " with doctoral degrees in
the Beld (Ladefoged !978). This experiment reflects a
100X identification rate for the coworkers® voices that
were well-known 10 them and =n overal]l average accu-
racy rate of 96% when the relatively unfamibar voice
was added.

Twenty-four individuak were asked to listen 10 speech
samples of 24 coworkers (1S males and 9 females)
whom they had known for several years and 4 speskers
unknown ko the lisieners. The speech samples averaged
about 30 seconds in length and contained ot least 12
utterances of 2 0 £ words ench.  Listeners roted sach
coworker on a scale of very Bamiliar to wotally unfamiiiar
prior to the testing. Thay Jisteriad to the samples foras
kong 35 they wished and then mted their decisions as
follows: (1) guessing, {2) fairty sure, or (3} very sure.
Deleting the resulis of any voice rated totally unfamiliar
to the listener, the results showad 2 90.4% correct iden-
tification rate and £4.3% incorrect identification rate,
with 5.3% who said they did not know the spasker. 1f
the 3.3% are deleted], the correct identification rawe is
95.4%. “This rate is probably fairly mpresentative of
situations where 2 Baniwd vocabulary is required and
can be expeciac w be even highar in informal conversa-
tions where more of tw individual speaker's speech
habits are present as cum for identification” (Schmidt-
Mislson and Stem 1985).

Crime Luboratory Digest, Vel. 20, No. 4, Koenig, B.E.. Selected topics in forensic voice identification, po. 73-81,
(1993). Reprinted with the permission of FB] Crime Laborstoey Digest.
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5. inanintroduction to another research paper, the author
states that the "Identification of speakers by their voices
ie a common experience.  Most listeners have litde
difficuity in identifying the voices of familiar speakers
over the telephoneoron the radic. Recognition of voices
of familiar speakers in the darkness or when the speaker
is out of sight of the listener is also a common occur-
rence” {Compton 1963).

This resesrch reflects that the identification accuracy
rate for familiar voice samples iasting 1 second ot ionger
ranged from 52% to 100% and averaged 95% to 100%.
Samples recorded through the telephone or other limited
bandwidth systems had hittle effect on sccuracy. The effects
of noise and loss of high frequency information were studied
in another experitnent (Clarke #f . 1968) which found that
aural speeker identification was only slightly degraded
when progressing from high-quality veice sampies w typi-
cal investigative recordings. it is obvious from everyday
evperience and the cited research that identifying familiar
VOt can be 2n accurate method for identifving veoices
recorded in forensic applications, even with the hmning
factors of noise and atenuated high frequencies.

Aural identification of Unfamiliar Voices

Aural comparisons of unfamiliar veice sampies rely on
shorr-term memory. For example, 3 woman receives a
number of different telephone inguiries regarding a classi-
fied advertisernent. She then receives an obacene telephone
cail, andt she tries to remember if any of the voices mawch. In
a judicial proceeding, 2 judge and/or 2 jury may have to
decide if 3 particular crucial comment on an investigative
recording was spoken by the defendant, who readilv admits
t¢ saying the other statements atributed to him on the
ranscripy, or 1o somecne else involved in the conversadon.
Examiners using the ‘pxtrogr\p‘m technigue, described
later, play back the separate voice samples concurrentiy on
separate devicas or computer files with an electronic patch-
ing arrangement to allow rapid dural switkching between
them o by recarding short phrases or sentences from each
sample on the same recording {Voice Comparison Standards
1951).

The de foclo study of unfomiliar voice comparisons
{Clarke 22 al. 1966) determined the foliowing:

1. Sentence length over the range of 5 1o 11 syllabies is not
an important variable in identification accuracy.

2. Correct identifications decreased from approximately
% 1o 309 when the signal-to-npise ratio {SNR) was
reduced from 30 decbels {dB) to 0 dB.

3. Correct identifications decreased from approximately
88% o 78% when the frequency respanse was reduced
imm«iﬁmhenz(ﬂz)wmwm

Since most investigative recordings have a SNR of i0dB
to 40 dB andd a frequency response of 2,500 Hz o 5,000 Hr,
the range of ex correct identifications of unfamihar
votces would be 78% to 90%, with most identifications in the
78% to 83% range.
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The use of oxpert testimony for aural identifications of
unfamiliar voices provides ho assistanee to the courtand for
o thejury. The aotesof the 2dvisory committee on Rule 301
of the Fedieral Rules of Evidence appropriately reflect this
fact as follows: “Since aural voice identification is not 3
subject of expert Esimony, the requisite familiarity may be
acquired either before or after the particular speaking which
is the subject of ¥he identification...” (Federal Criminal Code
and Rules 1991). Additonslly, the voice comparison siin-
dards of the Intemational Association for Identification (1Al)
specificatly state that it “_. does not support or approve the
use of... aural onfy expert decisions.. ™ for voice comparnisons
{1891).

Epectragraphic Comparisons

The spectrographic laboratory technique is the muost
well known snd possibly the most accurate of e lsboratory
testing procedures presentiy available for companing verba-
tm voics somples under forensic conditions.  However,
some scientists believe that aural identifications of very
familiar voices are mote accurate {Hecker 19717 The spex-
trographic technique has heen descnibed in nhumerous foren-
siz and scientific publicabons, miiuding an overview artidle
published :n the Crme Laborztory Digest {Koenig 1988)
Therefore, a detailed planation will not be renderad here:
the following paragraphs provide a bref summany of the
examindtion, 3 review of the new comprehensive standards
passed by the 1AL and its stakus in govemiment and private
Laboratories.

Waen properdy conducited. spectrographic voice identi-
fication is a relatively accurate but not conclusive examira-
ton for companng 2 recorded unxnown voice sample with
a suspect repaating the identical contextuslinformation Crver
the same type of ransmission system {c.g . 2 local telephone
tine). The examiner uses both the shart-term memorny pro-
cess previously detailed and a spectral pattern comparison
between identically spoken sounds on spectrograms. Fig-
ures 1A and 1B are sound spectrograms of difterent male
speakers sayving “salt and pepper ™ The horizontal ais
represents time, divided into 2.l-second intervals by the
short vertikal bars pear the top, and the vertical 2xis is
frequency, ranging hirearly from & Hz to 800 Hz, with
horizontl lines every 1000 Hz. The spesch energy is re-
fiected in the gray scale from black (highest level) to white
{fowest level}. The frequency range of the voice is analogous
te the range of 2 musical instrument, where the lowest notes
are at the kowest frequency and the highest notes at the
highest frequency. The mosily horizontal bands of darkness
reflect the vocal resonances and are called formants The
crosely spaced vertical striations eepresent fundamental fre-
quency {voice pitch} or the aciua! vibrations of the voal
cords. The spectrographic technique requires comparison of
identical phrases between the voice samples, with 2 decision
made at one of a number of confidance levels The scientific
support of this examination is limited, and the actual error
rate under mos? investipative conditions is unknown. The
research to date indicates that the technique has a certain
error rate that is independent of examiner-induced errors,
with errors of false elimination {the voice sampies were
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Figure 1 (A) and (8). Souwd spectrogra=es of different male speskers caying “salt ond peyper ~

actually from the same person, but the examination found
that they did not match) appreciably higher than false iden-
tification (the voice samples were actuily from differert
persons, tut the examination found that the samples
matched).

InJuly 1991, the Voice [dentification and A coustic Analy-
sis Subcommittee of the IAl passed and published its first set
of tomprehensive spectrographic voice identification stan-
dards. These requirements, which became effective January
1, 1992, for all certified JAl members, include examiner
quilifications, evidence handling, preparaticn of exerrplars,
preparation of copies, preliminary examination, prepara-
tion of spectrograms, spectrographic/aural aralvsis, work
notes, estimony, certification, and miscellanecus subjects.
Table 1 lists the minimum qualifications for spectrographic
examiners of the JAl and the FBI and updates 3 similor tabie
published in an sarlier issue of the Crime Laboratory Digest
{Koenig 1986). Tabie 2 is another updated and expanded
table from: the same article conceming minimum criteria for
spectrogzaphic comparisons. Tables 1 and 2 and the previ-
ously published tables reflect that the upgraded LAl stan-
dards are now appreciably closer to the FBI's criteria  The
FBl's standards require higher educational levels, more
wards for lower confidence decisions, enhancemen: prnixe-

dures when neaded and a higher frequency voice range The
most important legal difference is the FBI's poliay net e
provide testimony on spectrographic compansons due o
theinconclusive nature of the examination and the unknown
error rate under specific inveshgative conditions.

The uwse of the spectrographic technigue since the nud-
1980s continues to show 2 steady decline by both govern-
ment laboratories and private examiners. As of mid-159%
the New York City Police Department and the FGl were the
only government laboratories in this country regularly con-
ducting these examinanons. The private sector efforts were
limited to less than a dozen part-time examiners. Profes.
sicnal meetings in the field have been spanely attended, a3
no major spactrographic research is knowsn to be under way
Problems still persist in the spectrographic voice idensifica-
ton fiekd Examples of these problems include the follow-
g (1) separate sets of certified examiners making high-
confidence decisions for both identification and eh:mination
in the same case;' (2} individuals with na experience, train-
ing, or education in the voice identification discipline mak-
ing conclusive decisions under oath in court: and (3
examiners testifying that an unknown voice 15 no: the
defendant’s, although admirting their decisions are renliv
inconclusive based upon accepted standards

Table 1. Minimum Qualifications for Spectrographic Examiners of the 1Al and FBI

e o g Ty e 3
Qualification 1Al FB)
Education High Schoe! Diploma BS Degree f
Periodic Heari ST!S‘ Yes Yes :
Length'of Apprenticeship Usually 2 Years 2 Years _f
Number cf Comparisons Conducted 160 100 !
Antendance at a2 Spectrographic School Yes Yes :

E Formal Cerification Yes Yes

80 Crime Laboratory Digest
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Tabis 2. Minimum Critoria for Spectrographic Comparison for the 1Al end FBI

g Criteria 1AL FBl F
a Words Needed for Highes: Confidence Level X X
! Words Needed for Lowest Confidence Level 10 2
Affirming Independent Second Decision Yes Yes
QOriginal Recording Required Yes Yes
Allows Testimony Yes No
Completely Verbatim Known Samples Usually Usually
Speech Frequency Rate Above 2 KHz Above 25 KHz
Accuracy Statement in Repor! Yes Yes
Enhancemnent Procedures, When Needed Optional Yes
Speed Coerection of All Recordings Yes Yes
Track Determination of Al Recordings Yes Yes E
Azimuth Alignment Correction Yes | Yes f

Summary and Conclusion

Under investigative conditions, individuais can reliably
identify voices thatare well known two them, but the accuracy
rate drops to approximately 78% to B3% when unfamiliar
voices are compared to known voice samples. The use of
expert witnesses does not improve the accuracy rate of aural
only voice comparisons. The use of the spectrographic
techrique continues w declire, even with the establishment
of new standards in 1992
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Enhancement of Forensic Audio Recordings”

BRUCE E. XCENG

Federal Bureax of Investigation, Engineering Researck Facility, Lortor, VA 22079, USA

A detailed description of the Federa] Burean of Investigations lechaiques to improve
the intelligibility of investigstive recordings is gives. inclading eqaipment wsed. meth-
odology . training of examiners. wstimonial procedurces, and evidence handling.

6 INTRODUCTION

Since the carly 1960s, the Federal Berean of Iaves-
tigation (FB!) has bees conducting cxaminations to
improve the voice intelligibility of tape recordings
produced by federal, state, and focal law enforcement
agencies, other federal organizations, and foreiga
governments. These submitted tapes, aumberiag ia the
tens of thousands, are often produced with mipiatere
cecorders or Jow-power RF transminter/recei ver sysiems
in high-noise eaviroaments. and iavolve mvestigations
of kidnapping. political_corruptioa, dreg traffickicg,
espionage, child pomography, presidential assassination
atterapts. ard so on. This paper deais with the details
of the FBI's methodology in conducting the exami-
astions of these forensic recordings, where forcamsic
refers to the application of scieace fo the legai feld,
which includes criminal and civil investigatioas, pre-
sentstionzof evidence at court, and genesel assistance
to the professionais in all aspects of the judicial system.
The iaboratory techaiques have been developed based
oa scientific literature, experience, and the evolution
of -peciztired zadio devices. The fellowing sections
will zover forensic and studio fecording dufferenccs,
the equipment used, examination methods, examples
of examinasions. training of examiaers, evidence han-
dling. and testimony. Since this field is 30 empirically
oriented, it will aot be postible to describe every facet
of the analysis process; however, the basic sieps will
be summarized with appropriate examples.

1 TAPES: FORENSIC YER3US STUDK
Maost members of the Apdio Engineering Society are

involved or concerned with the production of very high-
quality recordings, whether classical music, hard wock.

+ Manuscript received 1988 June 6: revized 1988 Avgust

or voice. Members 2eguiarly debate ia print ot infor-
mually such sebjects as digital dithering, amplifier peak
overioad problems, losdspeake: design, and the dest
recording medivm. In codirast, the forensic tape ex-
aminers of the FBI are concemzd about whether a re-
cording can be made saderstandabie with the best pos-
sible playbeck system zac state-of-the-art filtering. A
“good™ iavestigative recording might oaly bave 2 20-
dB sigaai-to-zoise ratio, a 3t frequency resposse to
3 kHiz. aad some sudible distontion, bet still be com-
pletely understandable. Table 1 lists some of the more
obvious differcaces between forensic and studio re-
cordings. Tapes prodeced during law enforcement op-
eratinas often ave subjected to enhancement procedures
w0 improve intelligiblity for investigative purposes or
irtroduction ie courts of law, where the couvertations
can be understood by judges aad juries with oaly 2
single playing durieg the judicial proceedings.

The types of isboraory equipment sad materials used
o enhanoe {orensic recordings c2a purally be cat-

1} Standard professional miog and dagml tape re-
corders

2) Loggicg tape recorders

3) Cansuinsi~iypc wpc iceviuces

4) Specizily modified tape recorders

§) Fast Fourier transforan (FFT) analyzess

6) Analog and digital Glters :

7} Analog and digit gain-reduction devices

8) Professional headphones

9) Digital andio storage devices

10) Professional amplifiers. catles, connectors, eic.

i3 Microscopic and macrophetographic systems

42) Ferrofiuids

i3} Movable equipment racks

Fig. ! shows a typical FBI laberaiory setup.

Jourral of the Audio Engineering Society, Vol. 38, No. 11, Koenig, B.E., Enhancement of forensic audio
recordings, pp. 884-894, (1938). Reprinted with the penmission: of Joumal of the Audic Enginesring Society.
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Tape recorders provide the means of accurately
plaving back law enforcement recordings and producing
eohanced and direct copaes for the contnbutor. Profes.
sional recorders are used for the playback of siandard
open-zreel and cassette evidence tapes. and to produce
laboratory and field investipative copies. Maany of the
ahils have besa modified by the manvfacturer for
transport speeds as low 23 e ins. Consumer-type
recorders are used for reproduction when professional
decks are not available, such as miniature cassettes o7
8-track cartridges. Logging recorders used by law en-
farcement agencies to record incoming telephone calls
and police radic traffic normally aperate at either \W;
o ¥4 in/s and can have up .60 chaanels of information
recorded simultancously for 25 hours. Since different

FORENSID £LDO RECORDING

manufscturers of these units use 3 wide range of mostiy
nonstandard track configurations. playback systemns with
time code readers have been purchased from various
companies in the -, 2. and l-ma-wide tape formats.
{n addition. when these manufactersrs upgrade with
newer equiprment, the rime code and track coafigurations
are frequentiy incompatible with the older equipment
The FBI hes had some of its loggers modified for sep-
arate amplification of each channel, instead of the nor-
mally equipped summation sapliders. Which bdrand
and modei of the professionsi. consumer. aud logging
recordets to purchase is usually decided by in-house
testing.

Specialized recorders fall into three categonics: old
and obsolete devices, ynique recorder formats, and

Table 1. Differences betwaen studio wad forensic recordings.

Charscteristic Swdie Forensic
g;wymmmh gagtlh ,!‘t mm;ag:g
s . ta 3-3 kHz

} [sauditie I-10%

w and Bxteer {aandidle gmdme % res
ipucat operstor Trained teckaiciae veshgator

Microphone !P‘:f: prefessional Miniziure .
;mmeder i i szaleg aad digital ive to professions! asalog
&imvlsmm Yes or digi Usually not ssed
Reverberation 4 Usually !\"‘hgh
Sicrophone-to-speaker distance Close arics
Microphoze tocati Open Higden
Traasmitsioa system Usually nooe Ofien wicphone or iow-power RF

Fig. 1. Typical FBI enhancement selup.

J Ao Eog Soc. Vol 35. No 11 983 Roveoner
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standard plavback units with custom-fabricated head
siscks and modified slectronics. Old and obwolete de-
vices include wire recorders. magnetic dictation disk
aad belt uaits. and short-lived or specizhred cassette
and cartridge formats. As an example of their use. in
1981 the FBI was able 1o play back the Dallas, Teras,
Police Department radio transmissions of November
22, 1963, which had been recorded on a Dicraphone
Dictabelt and 3 Gray Awdograph disk during the as-
sassination of Presideat Joha Fitzgerald Kennedy {11,
[2]. Unique formats include four-in-line cassens re-
corders, very Jow-speed standard and miniature cassette
formats. speciatized oa-the-bady recorders. and others.
Many of these playback units have been modified for
improved fdelity and to add propar output connections.
The last type of specialized device inciudes professional
recorders with slow to medium tape speeds and custom-
fabriczted bead siacks with modificd clecuonics tha
silow adjustment of the reproduce mageetic heads to
correct for aligament problems present oe forensic apes.
The modificaticns are made with the coopetation of
the recorder mansfacrarers and an independent tape
head fabricator. As an example, the FBI bas a 1op-of-
the-line professicnal Ye-in open-reel tape recarder with
tape speeds of Vi through 7% ia's with the onginal
head stack removed and replaced with two separate
playback heads (Fig. 2). The heads can be moved across
the entire width of the tape and sllow for azimuth ad-
justmeats of better than = 6° from perpeadicular. Tais
reproduce unit is used to play back misaligaed recond-
ings that accur in such operxtional situstions as “black
box™ cockpit voice recordings in major dirplane crashes
and when wpe recorders sre often moved from ose
imvestigative location to sacther.

The FFT analyzer is the focal point of the ephance-
ment ¢xamiastion, since it provides the examioer with
a contisually updating visual representationa of the re-
corded audio information. Without this device, non-
sutomali filtering is reduced 1o 8 purely anral evaluation

Fig 2 Professions! opea-teel rocorder with two special:zed
bcad stacks.
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that would rarely provide the optimal cahancement of
voice intelligibility on forensic recordings. The analvzer
graphicaily dispizys the parzmeters of frequency in the
horizoatal dimension and amplitude in the vertical.
with Fig. 3 showing. as an example, a 300-Hz square
wave from € to § kHz and an amplitede mage of 1.0
V. A detsiled description of FFT theery is nc: being
provided, since many excellent sources are aveilabie
on the subject [3]-{5]). The FBI uses a variety of ana-
Iyzers, but most provide at teast 800 lines of resolution,
two separate chaanels, 4 kHz or better real-time band-
widih, linear and exponential averaging. frequescy
ranges up 1o 100 kHz. interactive cursor controls, plomer
outpats, and bigh-resolution screen displzys. inaddition
the analyzers provide a basic waveform display that
can be heipful to the examiner with certain recorded
noise peoblems.

Analog and digital Giliers utilized inctude professioasl
bandpass. parametric. notch, comb, tracking, decon-
volution, special, and. (o a very limited extent, graphic
egqusiizers. Al of these devices and software supports
are purchased oc modified to oparate principally below
T kHz due to the band-limited pature of the investigative
secordings received. Thes, for example, the sepanate
perxmeteric filter modules for the high audio frequencies
kave been replaced with lower frequency ranges. The
bandgpass filter’s low- aad high-frequency settings are
selectable in one-third-octave o asmower steps with
8 24- 10 48-dB-per-octave rollofl. The analog units are
often hased on a Buticrworth (ilter design [61. The
parametric equalizers have user-adiustabie ceater fre-
quencies, bandwidths, and atieaustion/gain controls
and a separate in/out switch for each frequency band.
The wotch fiters have adiustments for the ceater fre-
quency ead bandwidih, with Q values {center frequency

+ bandwidth} canging from 1 to 1000. Octave, oic-
half-octave. and one-thind-octave praphic equslizers
are rarely used for inteNigibility improvement, due to
their hmited resolution 2ad the availabitity of other

°i ]
; s
i i
= .
i i
: L
i
-
H
1
1
!
i
*
i
i
®l A ' i !
3 & BTN WeT 2

Fig 3 FFT display of 3C0-Ht square wave :0- S-kbiz ranger
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fleer tvpes. but they have some applications in spec-
ropzaphic voie print) comparisons {71 The diwgital
comb Gltees are 12~ 16-bit resoiution devices that allow
the anenuation of a Jiscrele frequency tone 2nd its
harmoaics. The fundamental frequency, sumber of
harmoics to be reduced, and bandwidth of the notches
ar2 all user conttolied.

The deconvolutional filter, which s rarely nsed
recordiag studios. is a digital processor with 12-16
buts of resolution that reduces the level of certain poises
vid an adaptive prediciive deconvolution procedure.
With a linear predict:on algonthm. & transversal filter
uses past values of the inpat sigeal 10 predict future
audio information, and thus its effectiveness is highly
dependent on the time cormtlation of compoaents in
e recordiag. For sxsmple, 2 pure sine wave is cor-
related. repeating itself every cycla. whereas random
noise {that is. white or pink) is uncorretated and voice
information becomes uncortelated in periods longer
than a few huadred milliscconds. In Fig. 2 the trans-
versal Glter acts as a predictor with instructions from
the adsptation processar and estimates the aoise V
slightly in the fulure. This estimate is then subtracted
from the iaput signal, which contains the voice ¥V and
acise N cemponents, producing output £, defined s
E =V + N~ N.Asthe noise becomes more correlated
(¥ approaches the value of ¥), the reduction in the
aeavoice information by the device becomes farger
{8). The best digital decoavoiution devices offer real.
timze filter orders of more than 5600 to handle reverberant
recordings in large rooms, separate settings for high-
and low-amplitude signals on the same recording, and
adjustable fiher size and convergence times, Additional
digita! filteniag software of 3 specialized nature is run
onx high-speed computet system with an array processor
to handle one-of-a-kind problems and nelp deveiop ai-
gotithms that can be vsed in real-time, stead-alone
processing devices.

The anaiog gain reductionlimiter devices are the
types esudlly found in the better recording studios.
The digieal units have a “look shead"™ fezture that is
especially important with sudden kigh.armbnde cig.
azls, such as recorded guashols. Al of viese devices
have varisble compression tatios, atteck and release
times . and thresholds. Professional headphones, digita!
meemory devices, amplifiers. movable eguipment racks,
and so on. need ao further expiananion.

Microscopic and macrophotogrzphic systems or other
types of magnification devices are combined with 2

FORENSIC AJD-D RECCADNG

ferrofluud 10 identify the wack configuration and de-
rermine major azimuth misalignmen?. Low-power op-
tical. photographic. and or video displsy units in the
range of 3 to 50 power zad ferroftuids containing 1ron
particies in the 0.2-1 5-2m s12¢ are used for many
enhancement ereminsions. Fig 5 shows 2 magnstic
configaration sometimes eacountered in forensic sit-
vations, where the track 15 offset to aear the middle of
the recording tape and the aziawth 15 badly misaligned.
1f played back on 2 standard cassette deck. the audic
information would not have been heerd. since it is 7e-
corded in the guatd band between sides.

2 EXAMINATION

Enkancement examinations of original foreasic re-
cordings are experiance-onented analvses that defy easy
quantification. Starting with the original recoeding,
uniess it has been destroyed, lost, or aktered, e FBI
examiner usually follows 12 basic steps that produce
the most usable product for the conzributor. The fol-
lowing discussion will expisin these steps with detaibed
eraraples, but it is understood that & proper appren-
ticeship. as set forth later, is really the oaly way to
properly grasp all the techniques. The 12 sieps are:

1} Evidence marking

2) Physical inspection

3} Recorded track position and configarstion

4) Arimuoth slignment determination

5) Playback speed 2nalysis

$3 Proper plavback sewp

7y Overall awral teview

3 Ovenali FFY review

9} Setup of enhancement devices

131 Copying process

11) Work aotes

12) Reporting.

Before the examination begins, the submitted original
evidence is marked for identification by the examioer
using & permanent-ink pen with the assigned specimen
aumber, iaboratory 2umber, and hig or ber :mmls
The FBI wces copseonpiv:y =0 deeven-eians ooy
vidos! recordings. that 15, Q1, Q2, 03. R and 2
lzboratory number tha includes receipt date in the
Laborgtory Division's Evidence Coatrol Cemtes {ECC)
and designators for the patticular foreasic section and
examiney.

After the recording is property marked for identifi-
cation, a general physical inspection is corducted, as

;
volce M), ot H i E anme Output
of 2 NLOF ey
Nolse (07 Vs RvE Py

Fig. 4 Deconvolution filter design where & 15 the estumated nowse. (Couttesy of Dhgitel Awdio Corporation
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appropriate. of the housing. the reel. and the tape 11self
e casare that all safety wabs have been removed. the
housing or reel is not defective. the tape transports
smoothly, and taere are ro Gdvious plavback obstruc-
tions. If there are bousiag or reel prodiems, high-guality
replacements are substitwred sod property marked. and
the defective housings or reels are returaed to the con-
tribitor with the rest of the recorded evidaace. Sub-
mined recordings marked as copies are normaliy set
aside untif contact is made with the contributor to de-
wrmine whether the sybmitted evidence is sctuslly the
original or pot.

The recorded track position and configurstion is de-
termined by applying a diluted sciution of 3 ferrofiuid
tc the oxide side of a high-level recorded area on the
tape. This is usualiy doas by laving the tape ob 2
absorbent surface, applying the ferrofivid with & smail
plastic squeeze bottle, and then slightly elevating one
end of the surface antil the sofution evaporates. The
deveioped tape is then pizced below the jens of & low-
power magrification system and 3 visual determinstion
is made of the exact wck configuration, for example,
V4 track. and its location oa the wape. For exemple, a
¥-track cassente recording that is severzly offset from
the izpe edge would probably bz best played back on
the right channel of a Y-track deck or 2 modified -
rack unit. The magnetic tape is then carefully cleansd
with & freca-dased cleaner to remove the ferrofleid
residue.

General a2imuth siigoment examinations are often
done visusily with a close examination of the paraliel
magoetic siriations in the recorded information at the
time the record track is derermmioed. Exact azimoth
alignment is accomplished by adjusting the reproduce
bead on the playhack unif for maximaen bigh-frequency
output using the FFT analyzer. Also, if the approzimate
frequency response of ™e recorded iaformation is
k-~own, such as leag-dic - e ielephone coaversation,
te mafyzer is used to measure the recorded frequerncy
response of the evidential recording for direct indi-
catioes of the loss of the higher frequencies. Tsble 2
reflects the <ipnaf loss at 20 min {oae thind of 3 degres?
of azsmuth misalignment at 3 kH2 with various formats

Fig. & Developed magnetic itack with severe offset aad an.
muth misaligament
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and ransport speeds It is readily appareat that the
lower speeds combined with the relatively wider tracks
on the foreasic formats cause conshlorably grester osses
for the same angular ermror {91.

The proper playback spezd of the recording 1s de-
termined by measuriag 2ny known discrete tones oa
the tape, again ysing the FFT analyzer. The most com-
monly encourtered tones are 60 Hz aad harmoeases from
2c power linc iczkage, various telephone signaling
sounds {Touch-Toae, busy, and %0 on) and specistized
pawer and RF componeats {for example. the 400-Hz
tope present on many aircrafl cockpit recordings). Fig.
6 shows am amalyzer display of the 0-100-Hz raage
showing that the §0-Hz tone is actuaily 2t 63.5 Hz. as
determined by playing the recording on a calibrated
laboratory recorder, reflecting that the secorder used
10 make the recording was runaing sppeoximately 5.5%
slow. The Jower quality reconders oftea utilized in many
forensic applicaticns produce grester speed Jiscrep-
ancies than acimally encountered in reconding studio
operaticns, and the speed error may aiso vary consid-
erably over the leageh of the recording [10].

Usizg the information gleaned {rom the physical in-
spection, recoeded track position and coalguration,
aziswth aligameat, sod tape-speed analyses. the play-
back vait is configured to aliow the best audio ouipat.
For major wack aad azimeth sligoment prodlems, re-
corders with specialized regroduce head stacks are used
by varizble-speed controls. The cutput vu-meter levels
are noted if averly high or fow.

Ag overall swral cxamination with hesdphones is
next conducted of the evidence lape to determine the
approximate ieagth of the recording, tape speed, type
of information (such 2s micphone conversatios}. and
to pgeasrally categovize the problems jimiting intelh-
gidility. Normally both sides of cesacties and the entire
ieogth of standard open-recl tapes are reviewed . anless
otherwise desigasted by the contributer. Intelligibility
problems noied when listeaing are often scparated into
the following sreas w show general characteristws,

boae okle el ¥R = ae e s oncidergd o ocomplate hist of

prodiems encountersd.

i} Noalineor distorrion. This type of distorton re-
sulls in the clippiag or Rattening of the higher ampiitude
information in the audio waveform and the production
of cdd and even harmorics in the {requency domain,

Tadle 2. Amphitude tosses #t 3 kHiz for 20-minute
azimueth misaligaments csung different tzpe formats.

Spetd Loss
Forma: Track (a's) {483
Standard cassette Va 1% 67
Standarg cassette W 1% 5¢Q
Standard casseite i) oy 198
Microcassetre v % 9.8
Qpea reei full Tuh L
Qpra ree! v S e
Gpen reel [ Ny 133
Copcn reel ta kR aé
Logging reel «1-in taped 49 e Te
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and can be caused by overdriven clecironic companents,
strerated record leveis. the use of poor-quality trans-
mutt~-receiver systems. component {ailures. and so
on.
2) Convolutional changes. Thesc charges are the
result of lineas frequency alterztions produced by the re-
cotding sysiem, transmussion channel, and the acoustic
envireRment. suckh 3§ room reverboration or high-ire-
quency roiloffs.

3) Svstem roise  Any noise contributed by the re.
corder and transmission systems, such as $0-Hz hum
and high-level wow and Bucer.

4} Environmental noise. Ay unwinied noise sdded
to the voice signal before it is sensed by 1the micro-
phones, such as music. television broadcasts, veatilation
sounds. and microphone-hardling eveats.

SYlarge emplitude differerces betwees talkers. A
problem ofter encountered with improperly recorded
telephone conversations or when some individuals are
much closeT to 2 microphone than others.

6) Signal losses. The complete or partial loss of
the andio infortnation due to factors such as inzermittent
electronic components or cabling, damaged oxide sur-
faces on the magnetic tape, and low-power transimitters
too far from the receiver.

The next step is an overall FFT review is ususily
conducted using a fairly fest exponentiz} average that
permits the instantanecus aonvoice sigaals ta be some-
whst migimized and the speech information to be dis-
played ia a relatively real-sime fashion. As an exampie.
Fig. 7(A) shows 2 spectral averige with 90 voice in-
formation and Fig. 7(8) the same recording with speech
information present. A number of frequency chare-
teristics of the recording are analvied incloding the
following.

1) Speech freguency range. Since enbancement of
the voice information is the goal of the examination,
a determination 1s made of the lowest and haghest fre-
quencies where speech signais 2re present. Usually
different~{requency bands on the FFT are utilized for
the highest resolution.
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Fig. 6. FFT display of 61 §.Hz discrere tone that should play
dack at 60 ¢ Hz 10~ 100-H2 range».
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2V Peak speech-ro-roise ratto A rough determi.
natior 15 made of the level of the voice wnformation
compared with the background foise.

3) Liscrere tones.  The frequency and general am-
plitude of al! kigh-level tones and their stability are
aoted.

4) Banded neise.  The gencral position, amplitude,
and stabality of fairly wide bands of acise are Jeter-
m;ned.

5} Convolutiona! effects. Lsing longer averaging
modes. 2 determinatioe is made whether the speech
information is consistent with known loag-terme speciral
respoases, that is, generally a smeotk amplitude nise
peaking between 500 and 1000 Hz and then 2 slow
rolioff oat to beyvord 10 kHz. Fig. 8(a) shows s normal
long-ter frequency average for 2 male speaker and
Fig. 8(b) a highly convoluted onc from a foremsic re-
cording of 3 room conversation.

Next, using the eahancement devices. the intelhigi-
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Fig. 7 FFT dispiay of backpround scunds on 3 foremx re-
corcing (G- 13-k Mz raagel. 1ar Wahoyt vorce informaior
£ Wah voice information
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telity of the spaech information is improsved by the
anenoation of distortion. noise. and convoluhonal af.
fecis However. the “golden rule” of enhancement is
that no audio s:gnals are removed or attenuated that
decrease speach intelligibility. even shightly If 5 re-
cording sounds betier overall by the reduchon of 2
particeisr masking noise, but the ynderstandability is
somewhar reduced in the process. the poise is iefk in
or lssser atttauation corrections are tried.

Some of the general procedures followed by the FBI
in configuring the erbancement devices are detailed
below, but the exact steps vary considerably among
the different examiners.

1) Using sharply sioped bandpass filters, audio in-
formation above and below the speech frequency range
is attenuated with both analyzst and aure! verificaiion.

2} If the voice spectrum is convoluted by, for example,
considernble room reverberation. a digital deconvo-
lution device or parametric equatizer is used to smooth
ard shape the frequency iaformaiicn. The cquslizer
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Fig B. FFTdwsplayof long-term spectirum (8- S-kHz ranget
131 Pasticular male speaker by Parlicular male speaker on
& 1vprcal forcasi recording.
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Wil functions betier with distortzd audio and very
Himned signzito-nomse ranes 1SNR: ance true nide-
band noise and nonlinesr distortions are wsually not
time correlated.

31 I smusoidal tones are present in the recording
from ac power leakape. farly slow moving music. video
arcade sounds. and other sources. the digutal decon-
volution devices are aormally wuilized. except agin
with distortion or limited SNRs, where notch, comb.
ot parametric filiers are employved.

4 I 2 "huzz” sound is present, which is scen as
periodic impuises in the time waveform, thes comb
filters are tmied.

5) Banded noises from sources such as air coadi-
ticners, generators, of aircraft operation are usually
handled by manasal adjusiment of the bandwidth and
areenuation/boest controls on the parametric equalizers.

6} When oae or more individuals in 3 coaversation
tre recorded eppreciably louder thas other talkers or
there gre Righ-amplitede transicatiike soveds presen:,
thea a gain-redoction device is used. uswally after the
recording has been processed throcgh all the Siters.
Atizck snd release times are adjusted for materal.
sonnding speech and 00 Joss of voice information even
when more Uian oae individual is taiking at the same
ume.

An seral check is made by the cxaminer at the end
of the eahancement process 1o casure that intelligibility
has been improved. This is usually done by & direcr A
B comparisoa of the original versus the echaaced svdio.
Sierzo chisnneis aze processed sepasately to obtaia the
best intelligibility for each recording. After proper
piayback and cabliag through the appropriate eshance-
ment Gevices, copics are made of the improved audio
signal for the coxiribwior. The copics are normelly pre-
parcd on simadard cassettes with type € equzlization
and bias and/ov open reels. To allow the most aniversal
reproduction, monanral recordings are usevally copied
oute open reels of Me-in-wide tape in 2 full or Va-track
confiperation at 3V in’s or standard cagsettes of C0
leagte or shorier in a Ve-track configuration (both
chansels) at 134 in/s. Sterco recordings are asually
produced in a Va-treck sterto configuration on the reel
format and obviously ¥a-track stereo on the cassette.
The enhanced copics are marked with the Iaboratory
mnomber. the examines’s initials. and a description of
the recording . such as “Enhonced copy of Q34.™ with
a permanent-ink pes, and the safcty tabs are remaved
on cassettz copies. As a safeguard. a protection copy
of the unfiftered audro is usually made and retzined by
the FB! in & secure forage erea

Wock notes are 1akea of most facers of the enhance-
ment process. This can include & descoipuion of the
physical evidence. rack configuration. azimuth error,
speed error. aural and frequeacy obscrvanions. ap.
proximate length of the recording. Al snhincemeny
devices used with chans of setiing whea necessary,
tecorder and magnetc 1aps 1y pes . overall examimation
results. and any instructions that <kould be pased oa
to the contributor. A {ormal report 1v then <ent 10 the
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sontnbulor at the ead of the exzminaton. fnnng -
formation such as FBl file zad laborstory numbers.
mvestigaiive title. evidence deschplion and recept date.
resuits of examination. examiner's name, angd dispo-
siuon of the original evidence recordings and cnhanced

copies.

4 ENHARCEMENT EXAMPLES

To give some feel as 1o how on 2ctudl examinstion
is conducied, two examples will be detailed. The first
is a2 room conversation recorded on 3 standard cassente
with a concealed microphone by & state police depant-
ment and the second is @ cockpit voice recording re-
covered in & major airpiane crash.

The casseste is received viz registered mail in 2 seaied
package with 2 letter requesting that the clarity of the
tape be improved and two enhanced copies prepared.
After assignment of the laborstory and speciten pum.
bers, the examiner marks and initiais the housing, re-
maves the still-intact safety 1abs. snd describes the
evidence it the work notes. The tape looks 1o be in
good physical conditioa. so it is bricfy plaved back
on 3 professional deck, s high-fevel arez located. 2
short portion of the tape pulled from the housing, and
the track developed with ferrofuid. The tape is found
1o be a2 V-irack mon2ural configuration, left channel
eniy. with apparently good szimuth sligoment. The
casseite tape is cleancd to remove the ferrofiuid residue
end sewound into iis housiog. To double-check the
MICEGSCOPic resuits . the freguendy response is checked
with the FFT analyzer on a deck with adjustable azimuth
alignment snd found to be consistent with plavback
usiag a properly aligned reproduce bead. Playing back
the recording on & Va-trick steres deck with the left
channe! output. the 60-Hz tone power feakage signai
is located at 61.5 Hz, so the variable speed is adjusted,
while watching the asalyzer dispiey. 2o slow the trans-
port 1o the correct playback speed.

Aural teview of the tape ceveais & poor-quality re-
cording with room reverberstion. Limited high-ire-
aeeney veennnce heatiagizir conditioner fan aoise, and
& range in voice ampiitude from loud w very sofi. The
EFT refiects & convoluted spectrum in Fig. 9 and &
fairly sharp rotioff above 500 Hz, though voice infor-
matior is scer put 10 4.8 kHz. Some of the spectrum
is composed of banded noise from the veatitavon sys-
tem. The tape deck’s output is cabled through a de-
convolutionai filter, which greatly attenuates the re-
verberation and 8altens the frequency response, 25
shows in Fig. 10. This prodeces an imcreased vouce-
to-noise ratio and a more understandeble recording sixce
the higher speech frequencies. where voice inselligibiiity
is greatest, have been doosted. The signal is aext run
through 2 parametric Glter, which is set appropriately
for the banded nioise from the fan that was not compietely
remaved by the previous flier. The procedure used i
to identify the conter freguencies and baadwidihs from
the snaiyzer, sat the controls the same on the parametng
equalizer, and then slowly atteauzre each ares wnail
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the maxunum ahse is removed without zifecting speech
meliigibihey Fanally, the signal s cabled through two
dent:cal gain-reduction devices at 20.1 compresyion
so that when the soft voices appear. they produce no
2mplitude reduction, bui when the loudest voices are
rezordsd. 2 drop of 10 4B per device i3 obtained. The
us¢ of two gain-reduction devices in senes sad moderate
aitack and release umes often produces the best forensic
results. The enhanced audio s ihen recorded on both
chanrels of 1wo professional stereo cassette decks using
standard bias 1apes. Detailed notes are taken of ali the
observations and procedures, aad & finai report, the

evidence tape. and the enhz 24 copies are forwarded
o the contributor.
1o the sacond examplc. an . :raft cockpit recording

tape is received from the U..  depanmest of Justice
requesting that the cockpit arez microphons (CAMY
channe! be enhanced and three opea-ree} copies be pre-
pared. The tape, which 15 Ve-in-wide reel tape. has
beer previously removed from (s protective shelf, leader
tape added to sach end. and piaced on g S-in open rael
by persoane! of the Natcaal Transportation Safety
Board. Since these recordings are produced on endless-
loop units, only the last 30 or so minutes before the
crash will b2 present. Again. after receiving the lsb-
orarory and specimen nombers, the reel aad the tape
backing arc marked and initisled with & permanent-ink
pen. The tape and reet are found fo be in excelieatl
coadition, so the tape is developed and a four-in-line
track configuration iz wdertified. Arimuth alignment
tooks slightly off under the microscope, so after cleaning
the 1ape where the ferrofluid was used. the tape is placed
oD & tape recorder with an adjustable head stack (Fig
21. Playvback reveals that the 400-Hz power leakage
frequency is at 412.4 H2, sothe varizble-speed contrel
is used to correct the error. By adjusting the reproduce
head up apd down. the designated channe! is located
and the azimuth sdjusted so the output is maximized
for both amplitede and frequency respoase, with ac
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Fig 9 FFT dispiay of room recording belore procosuag
8- S-sHz ranges
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crosstatk from other channeis, using the FFT analyzer
Tre other three channeis on the tape are foind to coniain
goad-quality radio transmissions

Aural review refiects that the voice iaformation s
at or ¥elow the random noise present in the cockpy
ard discrete tones can be heard. FFT analysis reveais
a high-level 400-Hz signzl, s somewhat kower 800-Hz
discretc tone. and voice informanon up o at ieasi 3
kHz The tape reproducer’s output 15 cabled through
sharply sioped bandpass Slters at 200 Hz for the high
pass ard 4 kHz for the tow pass. Further reduction of
the passband had a slighthy negative effect on the voice
information. Two notch Girers are than used to attznuate
the 400- and BOO-Hz tones, but caly to the point of
insudibility. If deeper notches than nacessary are used,
the recording can sound yneatural. Attempis at filtering
with other devices are not heipful. se the enhanced
signal is recorded simultancously on three open-reel
recorders at 7% in’s in 2 full-rack configuration on 7-
in reai with standsrd bizs rape. As before, appropriste
aotes ars taken, a fira) report is prepared. and the 2vi-
dence ard copies are retumed to the contrivator

§ TRAINING

The Engineering Section of the FBI follows z nigorous
procedure ie qualifying individuals as examiners in the
fieid of forensic tape ephancement. This includes
screening of potentiat applicants, & lengthy appren-
ticeship, aftendance at speciaiized schools, moot count
training, and formal spproval by senioc examiners and
supervisory personnel. Even after centification, training
is continoed through supervisofy reviews, sdditicasl
schooling. and regular hearing tests.

The evaluation of sppiicants includes afficmation of
a Bacheior of Scicoce or higher degree from an ac.
sredited college or university, contact with past em-
ployvers and wock associates, sad verification of ex-
cellent hearing. In addition. at least two formal
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Fig. 16. FFT dieplay of room recotcang after processing by
decoavalational flter :0- 5 LH2 angey
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wmterviews of the applicant 2ee conducied and a Top
Secret background ciegrance 1s performed. sinte some
of the recordings enhanced by the FBI are classified
Once hired. or r2assigned from other FBI duties, the
trainee examner is placed it an apprenticeship program
under the drection of a fully guaiified examiner, which
tasts for at least one year for :nchviduals with an ap-
propriate science degree and three years or maore for
others. This training penod includes full-time expe-
rience on aver 300 submitted recordings using laboratory
ape recorders, analyzers. filters, and sc on Though
the technical procedures are emphasized, other im-
portant zreas such as proper note faking. report prep-
aration, and evidence handling are covered in detsil.
Concurreotiy, the waisee attends leceures, demonstra-
tions, schoois, workshops, and conveatioas concerning
various laboratory devices. recording theory and prac-
tice, sudic eaginecring topics. and related subjects.

When the training exsminer is completely saiisfied
that the individual has 2 good mastery of lape enhance-
ment techniques and equipment, Mmoot court training
is then given 10 assess verbal responses and demeanor
eader courtroom conditions. The moot Coult CXCrCiwes
are made as stressel a5 possibie with experienced FBI
personne! and lawyers acting as judpes, attoraeys, aad
jury members. Wide latitede is aflowed in the ques-
tioning to force the nearly irsined iadividual to cope
with difficult lega! and rechnical concepts that are often
encountered during cross-examination. With the con-
currenc: of sspervisory personne! and other examinets.
the trainee is approved to receive and coaduct ¢n-
hancement cases with an overview process continuing
for a few moaths.

€& EVIDENCE HANDLING

Since enhancement exsminations utilize original rape
recordiags that may subsequently be admitted v crim-
ine! and civil proceedings., evidence handling procedutes
are exceedingly important. Every step from receipe yntil
return to the comtributor i1s carefully mosnitored and
documented. Areas of concem include custody. storage
and transport of the origanal recordings and the eananced
copies.

The chain of custody of the evidence from date of
receipt until its release to the contributor or other party
15 3¢t forth in witicn form — ledgers, work notes, signed
receipts, evidence envaiofes, and 5o on. While in the
laboratory, the evideace is usually assigned to only
one examiner to simphify accountability and possible
future testimony. Evidence 1s stored at normal room
temperature in 3 security file ora sturdy fockadle cabmnet
in an area that is secured when unantended. in addition
the lsboratory is housed un a secursd building. Access
to the evidence 15 stnctly hmited 1o necessary personne!
and 15 stored well away from magnetic fields produced
by loudspeakers. transformers. and other devices
Trznsport of evidennal recordings 15 only handied in

four wavs. by regestered manl. 2% overmight delinery
services waith signature confirmation ino express matl).
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3ycourier. and 4} personal delivery Al except personal
delivery. ave forwarded i a sealed condition with at
leas: 3 in of packing betueen the tapes and the outside
of the box to avoid the possibie effects of stray magnetic
fields and improger handhing

7 TESTIMONY

Even 2fter a recording has been enhanced success-
fully. the improved copies sometimes cannot be used
at trial withoyt expert testimony. Yo allow accurate
and mesmingiul testimony. the FBI examiners prepare
a qualificanon list, aitend a pretestimony conference
with the attomey, present a proper appearance and de-
meanor on the stand, and verhalize the importam aspects
of the examinatiop and chain of cusiody in 2n under-
standable way 10 the judge and jury.

A gualification list allows the presenting attomey 1o
ask the appropriate questions of the examiner 1o reflect
Ais or her training. education, professional socienes.
and so oa. The list often includes the following. 23
appropriate:

L} Present title, organization. respansibilities. and
leagth of service

21 Pertinent prior employment information

3} Formal coliege and university degrees, and ad-
ditional college courses

45 Pertinent technical schools, seminars, etc.,

51 Membership 1 professional societies

6} Publications in the tape analysis field

71 Number of times previeusly gealified as anexpent
in court

8) Approximate mumber of different investgative
matters in which sxaminations have been conducied

9) Approximate number of different evideatial re-
cordings anaivzed.

Discussion of the examination with the attorney before
testimaony is important to explain laboratory method-
ologyv. set forth results, provide the qualification list.
and deterinine the specific questions that will be asked
of the examiner on the stand. The attorney can provide
guidance on local court procedures. the expected Ques.
nons [rom opposing counsei, and exactly whea the
testimony will be needed. Normaily the attoraey is
advised that for clarification. two particular gestions
should be asked near the ead of the examiner’s testi-
mony. “Dnd the cahancement provoss «k any way change
the original evideace tape?” and "On the enhanced
copies, did the process in any way change what the
ralkers actually said?” The answers 1o both questions
are obviously no, and an explanation s then given to
the court.

Examiners dress o proper business attire atd direct
expianatians to the jury, when preseat. to allow feedback
on their uaderstanding of the answers. They are trained
t0 maintain a proper demeanor under the siress and
distractions of, for example. yelling opposiag counsad,
interruptions by court reporters. and inaltennive jury
members Although the FBI doss not conducr exam:-
nations for the defense in crimunal maiters. the ex-
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aminers wili appesr. when requested. for sither side
at trizl to tesuly to the results of the snalvses, with sH

salaty. examination, and irave! expenses paid by the
FBI

8 SUMMARY

With careful sclection and traimng of examiners.
high-quality sahancement devices, proper evidance
handiing. and effective tesnmony. the FB! has for-
malized & procedure to echance tape recordings pro-
duced by law eaforcement and other ageacics involved
in forensic ipvestigatons.
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Speech production and syntax comprehension deficits on Mt. Everest
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Deficits in speech motor control and in the comprehension of tyntax were obscrved as five members
of the 1993 Americon Sagarmatha Expedition sscendsd M. Bverest. Wie sxalyzsd speach recordings
and cognitive test scares of the chimbers at different akicudes. The mear “voice onset thme™ interval
thet differentisies “woiced™ wop conyomants from their “wavoiced™ covaterparts {e.g.. a ] from 2 [pD
deciessed from A0 S B Comnto Sdme ot Crna Theee, The timgs noedod o comprebend
simple spoken English semtences increased by S0% of higher sititudes, and was correlsted with speech
motor deseriontion. This patters of deficits is simitar 1 that noted for Parkingne’s dscase and may
reftect disruption of subcoetical pathweys o poefroatal cortex. Similar procederes could be wsed 1o
remosely astess cognitive impaisTaents cansed by hypoxis, carbon momoxide or alcohol intoxication,

or drzgs, in order 1 monitor crew behavior in acronautics and spacediight gpentions, of to evaluse
the treatmernt of neurodegenerative diseases suck as Parkisscn's disease.

Keywords: Hypaxia, Cognitive deficits, Mouninivecring, Spesch production messurements, Las-
goage sty

In the seventy odd years since the ascent of Eversst wes Temporary impeinuents ia cogaitive functioning found t

first atempted clicnbers have frequesdly repared otncicand  high akitude inchude detarioration of the ability 10 learn, &=
ocwe tive deficits at extreme altitude. Empeired judgement member and exjress inkrmatior: verbally (Townes, Hom- :
is implicatad i many of the fatalities occwsring on Bverr  bein, Schoene, Sarnquist, & Graat, 19¢4), impeired concen-

est and other 8,000 m mountzing (Ward, Milledge, & West, tration and cogaitive flexibility (Regard, Oslz, Brugger, &

1989; Neison, Dunlosky, White, Sieinberg, Townes, & An- Landis, 1989}, decline of the focling of knowing (Nelson :
g 1990). Severai researchers have investigated the ef- et il., 1990). and mild impainmest in sither short-term mem- :

f high altitode on cognitive and motor performance.  ory o concapiual tasks (Regaed, Landis, Cassy, Maggior- W
Kﬁ. gﬂ?ﬁgogoﬂv&! lasting effects of- imi, Birtsch, & Oelz, 1991} Keanedy, Dunlap, Banderet, .,“
ter exposure to high altitede; few studics bave ieszed movn-  Scmith, & Houwstox (1989) reporied impairments in gram-
taineers at high altitudes to investigate peasible transient ef-  matical rexsoning sad i pattern comperison during & siow, :
fects. Apart from the theoreticzl and scientific imerest inthe  muki-day, simulnied ascent in 2 hypobaric chamber. Cogai- m
cogaitive and motoric deficits at high altizde, such rescarch  tive deficits found in climbers afier a high-altitude expedi- :
may iexd to 2 practical, culinc, unobtrusive sysiem for remoke g%iggﬁﬂgya? m
@oGits é&&noﬂo&%ﬂgﬁuﬂgﬂ. roni, Garavagiia, & Tredici, 1927, mild impairment in con- “

such as high sltitude climbing or fying, in order o reduce gégﬁugigg
the risks associsted with these activities. bility (Regaed et ol 1989; Oelz, Regard, Wichmana, Vila-
vaais, Witzam, Brugser, Cemmetelli, & Landis, 1990), and
%lgﬂnﬁggpﬂg?
bein, Townes, Schotee, Sciton, & Houston, 1989). It is un-

The research was cooductsd ueder cousorem agreement clear whether any of desa deficits become pormencnt after
zonn.nx from NASA Ames Research Crnter to Beown Univer.  fepeated peolonged exposare o extreme altitade, as findings

&§§§#E§§a3_§ Clxck, Featon, & z.aﬂ. 1983; gm&aﬁﬁkf
American Sagarrastha Expedition for pasticipating is the vesearch,  1939).

Eric Recd and 1. Williamn Youngs for their essential role in dica x-

quisition w Everest Base Camp, 2nd Emnily R. Picket for comments A possible explunaiion for the reported deficits is that besin
on the meuscript. We would also Hie to thank the Motorola Cor-  hypoxis, caused by lowered oxygen content of the inspired
poration and the Soay Corporation of America for the equipmest  air, selectively mpairs some brain structges. Mistologic
SOPPOFt QECEISATY I CAITY OWt i3 reacarch on Mt Everex stadies of the hypaxic braie have idemifiad regions of “se-

Aviation, Space, & Envirormental Medicine, (in press) Licberman, P., Protopapas, A, & Kanki, B.G., Speech
_aoncn on and syntax comprehension deficits on Mr. Everest. w«vqwz& with the vnammng of Avistion, Space, &
Eavironmental Mediine. .13
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fective vulnerability” to hypoxia in the hippocampaus, cere-
bellum, layers H1, V, and V1 of the neocoriex, snd the basa!
ganglia (Brierley, 1976). According to current theories of
brzin funcrion, the compromised celis in the hippocampus
and the cerebeum may account for some leaming (memory)
and motor deficits. respectively; the consequences of the af-
fected cortical regions may be quite extensive, possibly in-
chuding dereriorstions of perceplion, planning, and evslea-
tion of danger. However, the possible effects of basal ganglia
dysfunction at high altitude have not been investigated. In or-
der 10 assess these eifects, we need 1o take into account stud-
ies that relate kesions in the hasai ganglia to particular types
of deficits.

Receat studies of Broca's aphasia (Baum, 1988, Baum,
Blumstein, Naeser, & Palumbo, 1990} and Parkinson's dis-
exse (Grossman, Carvell. Siemn, Vemmon, & Hunig, 1991:
Licherman, Kako, Friedman, Tajchman. Feldman. & Jimin-
ez, 1992)show deterioration of speech motor conteol, deficits
in svntax comprehension. and other cognitive deficits. Such
decrements may reflect the degradation of subcortical basal
ganglia pathways to prefrontal cortex (Metter, Kempler,
Iackson, Hanson, Mazziota, & Phelps. 1935, Metier, Riege,
Hanson, Phelps. & Kuhl, 1984; Licherman. 1991 Lange.
Robhins, Marsden, James, Owen, & Paul, 1992; Cummings.
1593). Itis now known that many pathways involved in mo-
tor control as well as in higher associative or cognitive func-
tions includz connections to 2nd from the basal gangliz (Par-
ent, 1936). These pathways may also be implicated in the
motoric and cognitive deficits reporied by climbers at ex-
treme aktitude. In this sty we administered 2 bakery of
tests, for which we had comparative data from Parkinson's
disease o clumbers at extreme altitude. We measured speech
riotor control. comprehension of meaning coaveved by syn-
rax, and “frontal” cognitive functions. These tests can be ad-
ministered remotely with ininime! equipment.

The speech aitribute that we studied, Yoice Onset Timing
(VOT;, differentiates English “voiced stop™ consonamts like
1k, [4]. and 2] from their unvoiced counterparts [pl. [t], and
el respectively. In order to produce 2 {bl, a speaker has ©©
initiate “phonation™ (i.e, quasi-periodic vibration of the vo-
cal folds) soon after opening the lips {within shout 20 ms)
to release the pressure built in the vocal tract. In contrast.
phonation is delayed for 40 ms or mare after lip opening in
a {p). Similar timing distinctions differentiate [d}s from [t}s
and {gls from {k}s. Figure 1 shows the waveforms for a {b)
and a {p] produced by the same speaker, where the lip open-
ing (identified by a visible burst} and the onset of phona-
tioa {evidenced by periedicity in the waveform) have been
marked. The ime delay between the marks is the VOT. Niow-
maily, speakers of English and many other languages main-
tain the VOT distinction between voicad and unvoiced word-
iritia! stonconsonants by keening the VOT regions of the two
separated by af least 20 ms. Listeners make yse of thiscueto
d:fferentiztz stop consonants in word-inital pesition {Lisker
& Abramson, 1964).

P LIEBERMAN, & PROTOPAPAS. & B. G. KANKI
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Figwrr }. Speech waveform segments cormesponding to a {b} and
3 [p] spoken by the sxme speaker under identical condinicas. Cur-
sors have been placed & the onset of the burst that was caused by
opening the lips (15 and a1 the onset of perlochcity that indicates
vecal fold vibeation (R1). The marked interval, Yoice Onsst Tin-
ing (VOT) is ysed by speakers and histeners 1o differentiate the tve
types of comsonants in word-imstial positions.

Syntax comprehension was assessed by the Rhode Island
Test of Language Structure (RITLS), 2 test initialiy designed
to evaiuaie heating impaired children. The RETLS assesses
the extent to which -ubjects are able 1o use syatactic prop-
erties of sentences {word order, markers of the refationships
between clauses, and markess of non-canonical order) to un-
derstand them. It includes “simple™ seatences foonsisting of
asingle clause) and “complex” sentences {containing embed-
ded clauses), presenting a representative sample of the syn-
tactic structures of English. Vocabulary and morphology are
tightly controiled and sentence length is halanced between
simpie and complex sentences. The vocabulay o kupi ver)y
simple and poae of the sentences are very difficult; normal
10 year old native English speaking children make almost no
errors on either the simple o the complex sentences (Engen
& Engen, 1983). In this sty we measured processing diffi-
calty by timing the subjects’ responses.

Methods
Subjec:s

The subjocts were five make members of the 1993 Amer-
ican Sagarmathe Expedition tcam to Mount Everest  Their
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ages ranged from 35 10 52 vears and their education from
High School to M.D. Informed consent was obtained from ail
members of the original team (eight males and one female);
however. some members dropped out of the study for a va-
riety of reasons. All the subjects were experienced climbers
{each had at least eight years of experience on major peaks).
Sherpas worked closcly with the team but they did not offi-
cially participate in the study. The study procedures were ap-
proved by the Brown University Human Subjects Commit-
tee.

Marerials and Locations

The expedition approached Mount Everest by the “nor-
mal™ South Cof route, which involves establishing a series of
high camps over & period of two months. We gathered data
from the climbers at Base Camp (altitude 5,200 m) before
and afier the ascent to the higher camps, &t Camp Tan (6,300
mj}, and at Camp Three {7,150 m). Coaditions at Camyp Four
(8,000 m) or higher (e.g.. weather coaditions and communi-
cations quatity) made testing problemaric, particularly voice
recordings. No data from locations higher than Camp Three
are reported.

Supplementary oxygen was not used below Camp Four.
All testing sessions were held within a day of reaching each
Jocation. Final testing at Base Camp was done after a de-
scere from the summit for four subjects; one subyect who
decided 0 forgo & summit antempt was tesied after his de-
scent from Camp Four. The experimenters remained at Base
Camp throughout the expedition, where they recordad speech
semples ransitied from the climbers. Motorola hand-held
Sabre radios (SW RF output). Max-Trax base station re-
dios (20W RF output), and Soay NT-1 digital micro DAT
recoeders were used throughout the project. Sampling with
the NT-1 DAT recorder was donc at 27 KHz using 12-bitlog-
arithmic quantization equivaleat (o i6-bit linear. The signais
were resampled for computer analysis at 20 KHz using 12-
bit linerr quantization. The digital recording established an
accurate time hase for the YVOT measurements.

Speech measurements

Speech sampies for the VOT analysis wers obtained by
asking each subject to read 60 English monosyllabic words
(x 30 word list read twice) that had voiced and unvoiced stop
coasonants in initial position: and finsl position, £.g., bar_ ki,
eic. VOT was subsequently measured at Brown University
using an interactive computer-implemented systern. Corsors
were placed on the orset of the burs produced 0a the release
of each word-initial stop consonant and at the onset of phona-
tion, by means of both visual inspection of the waveform and
by listening o marked portions of the signal.

VOT messurements from sli three places of articulztion
{i.c., labia! {b] and [p]. alveolar [d] and {1}, and velar [g] and
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{k}) were combined by aligning thewr perceptuai boundarics.!
The separation width, i.e., the distance {in time units) be-
tween the longest voiced VOT and the shortesi unvoiced
VOT, was measured for each subject at each Jocation. De-
terioration in motor control is marifested by reduced sepane-
tion width; in cases of severe impairment the voiced and un-
voiced regions might overlap and the separation width would
become negative.

Syniax iesting

A 50 sentence version of the RITLS was administered
at exch location. Each version included 25 simple and 28
coinpiex seateaces belanced for vocabulary, sentence length,
and syntactic patterns. RITLS tesi booklets containinig the
sketches correspoading to the sealences were carvied o the
higher Camps. The test was administered by showing the
subjoct 3 page which prosented ihree ¢lasrated line araw-
iags, one of which best exemplificd the meaning of the sen-
tence that wes then read aloud by the experimenter. For ex-
ample, for the sentence “Tae man is waiching the gird who
is in the warer™ the choices were (1}, 2 men and & girl on the
sand, (2. a man on the sand and & gird in the water, and (3),
2 man in the witer and & girt on the ssnd. The subject then
responded by annouacing the aumber of the skeich that best
exemplified the meaning of the seatence.

Before cach sentence the subject announced the page sum-
bar he was lookiag at 10 indicate that he was ready and to ver-
ify that he was looking &t the correct drawings. Tiwe tesc st
tences, which were read aloud by the experimenter, and the
subject’s vocal responses were tape recorded. The response
time was determined by a single lisiener by mezsuring with
an electronic stopwatch the time interval batween the ond of
each spoken sentence and the subject’s response. Muitiple
measurement of several sample trials showed that such mea-
surements were consistent within 01 s,

Cognitive testing

Thiec woptiuie fesiy were abao i e e o
2 each location, (o st 2tiention and concentration, expes-
sive language and structured resporse initiation, anc mainte-
nance and shifling of cognitive sets (Parkinson's study group,
1589, The confrontation “naming™ iest, sonwtimes refaced
o as the verbal fluency test, tested the subjects’ ability to

tFor 3 given set of VOT measurements and a “boundary™ point
20 the VOT s, the corresponding “perceprual overlap™ is the per-
ceatage of VOT measurements on the “wrong™ side of the bound-
ary, with 3 10 ms tolerance, e, the sumof il voiced VOTS grester
thay 10 ms jess than the 3ssumed boundary plus the sum of ali un-
voiced VOTS less than 10 ms greater than the assumed boundary
divided over she total eumber of YOT measurements. The percep-
tual boundary is defined 25 the boundan pont for which perceptuat
overisp is minkmazed: if there is 2 region of minimum overdap the
perceptual boundary is set &t its midpoiat.




geaerate words beginning with particular letters of the alphe-
bet. The subject was presented with a letter and was asked to
produce as many words as possible in one minute, exchuding
propet nouns: this was repested with two moee letters, for 2
sotal of thiee ietiers at each location. Different jetters were
used st each Jocation. The subjert’s scare was the total aum-
ber of words produced for all three ketters.

The digit-span tests tested the subjects’ ability % repeat
a sequence of numbers in the rder presensedd (forward digit
span) and in the reverse order (backward digit span). To ad-
minister this test the experimentor read aloud a sequerice of
digits, starting with 2 sequence of three digits. The subject
had to immediately repeat the digits in the same order; this
was repeated once more with snother sequence of the seme
leagth. if the subject correcily 1epeated at least one of the two
sequences the process was continted with two sequences of
length greater by one. When the subject failed to repeat both
sequences of a given iength the test was terminated and the
subject’s score was the total number of sequences reproduced
comrectly. Then the same process was repeated (with differ-
ent sequences, starting with a sequence two digits long) but
this time the subject was required to reproduce the sequence
in reverse onder.

Finalty, the ndd-man-out test tested the subjects’ ability o
form and then shift shstract categonies. A test booklst. car-
ried up to Camps Two and Theee, contzined on each page a
set of three figures, one of which shared a festure with each
of the other two. For example, there was a page with a large
oval, a small oval, and 3 large triangle. The subject’s task
was to form a criterion (e.g2., either size or shape) and 10 pick
the “odd™ figurc on each page according to that criterion. Af-
ter this first sort the subject was asked to son the same set of
figures using another critetion. Subjects were ot told what
the possible criteria were. The total number of ertors (in both
sortings) for each subject were counted.

In addition to these tests, the expedition maintained a log
book noting each day's acrivities. The experimenters noted
any incidents that appeare to exemplify poor judgement on
the part of the climbers.

Results

Table | shows the separation width of cach subjests VOTs
ot each Jocation for all places of articulation comnined. Note
that there is & wide VOT separatioa at base camp, but the dis-
tinction becames less pronounced at the higher camps. This
drop is illustrated in Figure 2, where the labial stop VOTS
of Subject 1 occupy two distinet, well separated, regions at
Base Camp before the climb (2a) but 2re fess seperated at
Camp Two (2b) and even Jess so 28 Camnp Three (2¢). Insome
instances, separalion decreased considerably a1 the higher
camps, and even overlap occurred.

The subject averages are plotted in Figure 3. Anal
ysis of varisnce showed 2 significant effect of location
(R3.12)=6.30, p< 0.008). Pairwise contrasts showed that
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Table |

Separation width {in milliseconds} between longest voiced
VOT and shortest anvoiced YOT jor each subject ai each lo-
cation, with the three places of articulation combined (BB=
Base Camp before the climb, C2=Camp Two, C3=Camp
Three. BA=Base Camp after the climb).

Location
Subject BB C2 €3 BA
i IO2% 13 2
2 22 4 & 7
3 32 8 B 20
4 i4 13 .10 16
5 2 -3 w2

the differences between Base Camp before the climb (24.0
ms) anct Camp Three (5.4 ms), and batween Base Camp af-
ter the climb (19.0 ms) and Camp Three were sigaificant
{(R1L4)=62.22, p<0.00], and R142=11.52, p=0.027, re-
spectively), the difference between Base Camp before the
climb and Camp Two (t1.6 ms) was marginally significant
{(R1.4)=59%, p=0071). Note that the mean separation
width at the higher camps is less than the normal 20 ms which
are considered necessary for our perceptual system to un-
ambiguoasly perceive the categorical distinenions between
“voiced” and “unvoiced” stop consonants.

The mean response time (RT) to the RITLS items is shown
in Table 2, separstely for the simple and the complex sen-
tences. Note that RT increases at the higher camps, indi-
caiing 2n incressedt dificolty in symactic processing. Fig-
ure 4 plots the subject averages for four subjects? a all lo-
cations. Analysis of variance showed significant main ef.
fects of complexity (R1.3)=22.57, p=0.0!18) and of loca-
tion (R3.9)=5.1}, = 0.025)but no interaction (3.9)=0.95,
p=0.455). In anaiyses of variance separately for simpie and
for complex sentences, therz was 2 significant effect of lo-
catioa on sirnpie sentence RTs (R3.93=i0.18, p=0.003) but
not on complex sentence RTs (R3.9w0.95, p = 0.458). Pair-
WISC OHIadid UIINE Waay e DEPIC DUHITIRGD NIVWESU &
significant difference between Base Camp before the climb
{1.85 5) and Camp Two (240 5, H1.3)a44.34, p= 0007
and between Base Camp before the climd and Camp Three
{2785 RE3p=38.33 g = J0000 Tin oy inavapanss Sins
after returning to Base Camp (i.e. between Camp Three
and Base Camp after the climb) was marginally sigaifican?
{R1.3)=7.63. p=0.070).

The Pearson product-moment correlation coefficient be-
tween the subjects’ response time to simple sentences and
their VOT separation width was —0.774, {significant to p=

*Duta for Scbject 2 at Camp Three are missing because of a
recordhag emor. Using the mean value of the other four subjocts”
RTs 2 Camp Theee mives simular results in ali stausticat tesis re-
ported hers.
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Table 2

Aean response time (in seconds) to the RITLS sentemces by sudject and location, separatels for the simple and the complex

irems of the test.
BaseCamg.bcfore Camp Camp Three __Base Camp, after
Subject ~Stmple  Complex _Sumple Complex  Simple _Complex  Srmpite _ Complex
1 .47 275 193 2.53 2.24 336 2.17 2.65
2 1.93 3.9 248 273 ™) ™) 236 2.52
3 1.9¢ 35.28 237 29! 337 2 196 .
4 .10 m LN 4407 3.18 318 237 349
5 1.33 1.66 257 3.7 2.59 297 1.56 §.78
*These dala are mussing bacase efror
5 x
& ‘m F ‘.‘ T
3 . .M 4 % }
s 2} ' % 2f 1
’
§= :
€0 20 0 20 40 % N WO WX 10 §10.
Voice Crset Time (ms) i
5 5 ‘
4t e b} > {
s o | 35 c2 c2 BA
52 1 Location
‘ ; -
éo " _ Figure 3. Mean VOT seperation wickh for five subjects ®
Z 0 20 0 20 4 % & WO 120 140 four Yocations (BBzBase Camp befoce the climb, C2aCamp Two,
Voice Oncet Tima (ms) CI=Camp Theee, BA=Base Cammp after the climb). Error bars show
g s ] standard error.
8 4! =[] j
B 31 e [p] j
S 2t Ii ! 4 3
l 1’
N by A | |
7 20 &0 & &0 v eIT s " T —_— i
Voice Onsat Time {ms) g 3 / \¢ 1
Figure 2. Number of VOT measurements per 5 ms bin (2} VOTs g i
for Sutect 1's 1ahi2! stop consonants This ang [nis) x Bawe Camn * 0. <
before the climb. Note that the [bjs chuster between O and 20ms, @ .4 T
whereas the [pls occupy a distinet range after 70 msec. The sepasa- i
tion wichh is about 52 ms, 5o the [bls can be readily distinguished i
from the [p}s by virtue of the VOT distinction. (B} VOT: for Sub- 1 J
ject 1's labial stop consonants st Camp Two. Note It the separa- 88 e «Q BA
tion width has decreased to 26 ms. (¢ VOTS fx Subjecs 1's 1abis} Location
stop consonants 31 Camp Three. The separation width for these con-

about 20 aus) preventing ahsclute differentiation between (bl and [p)
on the basis of VOT only.
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{2} sentences of the RITLS for four subjects at four JOCAnons
{(BB=Base Camp befire the climb, C2=Camp Two, Cl:=Camp
Thres, BA -Base Camp afier the climb). Ervor bars show standard
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Table 3

Jotal xumber of words generaved for chree ininial letters
in the confroniciion aamung tesi, five subjects at four lo-
calions {88=Base Camp before she ciimb, C2=Camp Two.
C3=Camp Three, BA=Base Camp after the climb).

Location
Subject BB~ CZ2 C3 BA
i 8 27 6 28
2 28 35 28 30
3 29 25 (" 2
4 2 3% 24 22
] 27 25 2% 30

*These da1a are missing because of & recording error.

0.0001), which means that one can accourt for 680% of the
syntax compeeheasion variance by the VOT measure >

The total number of wards generared by each subject in the
confrontaiion naming task, shown in Table 3, was not signif-
icantly afTected by testing location (R3,12)xe1.14, o= 0.37).
The individual subjects’ performance on the digit span iesis
was anaftered throuvghout the experiment (R3,1231.06.p=
0.40); the subjects’ scoees zre shown in Table 4. Almost no
erroes were made on the odd-man-out test except for Sub-
ject 4 after a vespiratory infection on the mountain. His error
raie was 30% on the second trial 2t Base Camp after he had
returned from Camp Four; VCT overiap also occurred after
this infection.

Several episodes occurred in which subjects’ judgement
was remarkably compromised. For example, Subject 4
(whose YOT; overlapped a2z Camp Threc) advocated climb-
ing in extreme avalanche conditions and was oaly dissuaded
after vehement discussion.  Another climber would have
fallen into a wide crevasse that he was about to jump untoped
had a Sherpa not imtervened.

Discussion

We have found a sigmificant effect of altitude on VOT sena.
ralon wWiith a0d oa stmpie sentence comprehension responise
time. In agreement with Regard etal. (1991), who used simi-
tar tsks, no effect was found for the digit span, the confronta-
tion naming, or the odd-man-out test. The observed deficits
2ppeased 10 be lempoTary, SINKE Pert OMMAnCe IRPEaves upon
return to Base Camp. This finding is consisient with previous
studies that have found no persistent impeinments after a high
alitude expedition {Clack et al., 1983; jason et sl 1989).
Hombein et al. (1989) aiso reported intact performance ia the
digit span test after 2 simulated ascent to 8.848 m.

We conclude tbat hypoxia, caused by low conceatration
of oxygen in the air, caused subjects’ neursl functioning

3The data of Sudject 2 for diree locations were tncluded in the
correiation; leaving them out made no differencs (ra —0.776, p=
0.C004).
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at high altitude to depart from normai. at least in the re-
gioas of the brain involved with svatax comprehension and
speech motor conirol. Complex sentences were found te take
more ime than simple sentences to process, therefore reac-
tion lims can be used 10 assess processing difficuliy. The
inCTEase in response time (o the simple sentences at highc
altitodes, indicating greater processing difficulty, suggests
that the climbers' neural functioning s considerably compro-
mised. Mote that 10 vear old children have no probiem un-
derstanding any of the RITLS szatences. In this light. it imay
be less surprising that climbers and pilots have often reported
impaired judgement at high altitudes. The fact that the sira-
tar tread of response times to COMPICR sentenes is not sig-
rificant may be due to the small aumber of subjects smdied.
Aliernatively, it is possibie that complex sentences. because
of their embedded clauses, may make heavy demands on pro-
cessing resources that are airead)y impaired a1 Base Camp.
The small aumber of subjects tested may have affected the
power of our statistical tests. Howzver, apart from the of-
fect of altitude on response time (0 the complex items of the
RITLS, there is noclear wend in any of the other tests. There-
fore, it is not very likely that the lack of statistical significance
ts a result of the small number of subjects; a genune lack
of effect of the factors tested seems more likely. This puli
reseh leads us to the conclumion that some tasks were unaf-
fected at high altitudes. Practice effects. although prodably
playing some role in the subjects’ performance at the higher
camps, cannot alone account for the observed pattern of re-
suits. [If subjects were improving at the experimental tasks
and this improvement was offset by cogritive stowing down
at the high camps. one would expect a small or no sigmifi-
cant effect of altitude during the ascent, as observed, and a
substantial improvement at Base Camp after the climb to the
suimmil, which is nOt consisteat with our Andings. Altemas-
tively, theye may have been no such improvement upon return
to Base Camp because of some longer lasting deficit caused
at high altitude. Such a hypothesis is neither supported by
others’ findings with similar testing nor by the imgrovement
in RITLS simpie items response times upon retum to Base
Lamp. Although oac should bs cautious when imerproting
satistica] tests with small M, particularly when referring to
cognitive functions (notociousty variable between individu-
ais). the overzll pattern of our fiadings indicates that cogni-
tveimpaimmeonts when olimbing to high altitede are selective

Other factors that tight have caused the observed deficit

‘Regarding reaction times in hypoxic situstions, Fowfer &
Keiso {1992} reporied a slowing of “the preprocessing state of sum-
ulus evaluation.™ Their fndings do no! apply to our situation be-
cause they were for responses wo visual stymuby, whereas esvliar stud-
ies had found littie effect of hypoxia on the latency of evoked poicn-
uals for asditory stimali (Deecke, Goode, Whitchead, fohrson, &
Bryce, 1973). Moreover, if the increased RTs in our tests were due
to some general siowing of responding it should have been wentical
for simple and compiex sentences.
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Table 4
Digiz span (o number of sequences corrscily repected) forward and backward for all five subjects at ali locations.
Base Camp, before Camp Two ~ Camp Three Base Camp, after
Subject Forwsrd Backward Forwand Bsckward Forward Badkward  Forward  Backwerd
] 10 5 9 2 i0 5 19 9
2 13 5 13 H 13 10 Iz 1]
3 ] 8 5 & 6 8 8 8
4 6 5 ? 5 8 5 ? 4
s 3 7 it S & 6 12 10

— — m———— s —

in VOT and syrtax comprehension, such as temperature, fe-
tigue, and alcoho! intoxication. can be easily ruled out. Al-
though temperature occasionaily fell to —40°C, the test ses-
sions were conducted at Base Camp & moderae empera-
wres {(15-25°C) and a1 Camps Two and Three in tents by
climbers wearing down climbing suits or immediately oot-
gide theyr teais in sunny, warm, windless conditions. Gen-
erz! fatigue cannot account for the observed paitern because
the tests administered upor retumm o Base Camp were con-
ducted just after the climbers had complated the most stren-
wous part of the climb (a minimom of 15 hours in continu-
ous activity ascending from Camnp Four 1o the simmit and
back before descending to Camp Two and to Base Camp ). yet
VOT separation width was larger and RITLS response time
was sharter than at the higher Camps. Alcohol intoxication
affects speech production 10 such an extent that spesch mea-
surements kave been proposed to evaluste sensory and motor
irepairments due to alcohol consumption (Brenner & Cash,
199:; Pisoni & Martin, 1989). However, o alcodol was in-
gested by any of the subjects while they were at Camps Two
and Three o before the test sessions st Base Camp.

Hypoxia, selectively affectng some beain structures, ce-
mains (e most likely cause of our findings. Acclimaiization
would have been minimal at testing time because subjects
werz testod at Camps Two and Three upon arrival a2 those al-
tinudes. Furthermore, accliimatization is incomplete at these
altitades; ik is unc!v.m whether zny improvement ocours foe
S L OO0  AWre 190
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aspects of cogaitive behavior to the same degree. Long-term
mermory, for example, was not affected in 2 previous study
at Everest Camp Two when it was not combined with leamn-
ing (Nelson et al., 1990).% The pattern of deficits aoted at
extreme altitude is, therefore, consistent with other studies
that indicate that the neural bases of long term memory and
the lexicon appear to be dissociable from those regulating
speech motor contro and syntax. Speech motor control and

Yommne tmnee b

®1: must be noted that other stedies have found memory deficits
feg.. Regwrd ez al, 1929, 199]; Cavaletii et al, 1987). bt 6ot with
identical tasks; the iength of exposuze to high akitude and the actuai
aliitude 2lso have varied between stedies. Funthermare, 23 Nelson
etal. (1950) have poirted out, memory testing in which impairments
were observed had inchuded a leaming component.

syatax. for exampie, are preserved in Alzheimer's disease
which affects lexical ability and meriory (Kempler, Curtiss,
& Jackson, 1987, Kempler, 1988} In comtrast, long term
memory and lexical ability are preserved in son-demented
Parkinson's patients who show syatex comprehension and
VOT motor control deficits (Licberman et 2., 1992},

It is possible thai the VOT and syntex comprcheasion
deficits we repont here have a similar neurclogical basis to
Pariinson’s discase, i.c., they may reflect the depradstion
of basal gangiia pathways io prefrontal cortex. Similar pat-
teras of deficits heve been found in patients with Parkinson’s
disease, where the main pathological findings arz compro-
mised cells in the basal gangtia, particularly in the subsan-
tiz nigra, and throughowt the dopaminergic pathweys in the
leatiform and caudate nuclei to the prefrontal cortex (Cum-
mings, i993; Purent, 1986). Non-demented Parkinson's pe-
genis iested with these tasks have shown smsll decrements
in digit spun and confrontation naming performance ia con-
trast io high RITLS error rates. They also show speech mo-
tor coutrol deficits evideaced in VOT measuremeats (Licher-
man et al, 1992). Although the extent of the deficits of
Parkinson's patients is much larger than that of our subjects
the pattern is strikingly similar. The severity of the deficits
cannt be expecied to be comparable. becanse Parkinson’s
paiients may have profound impairments whereas individu-
als fit epough to ciimb Mt Everest cannot possibly be very
severely impaired.

An imporian theovelica) implic ation of the correlation be-
tween e impairments in speech motor contiol and in sen-
tzoce comprehension is that it is not consistent with the “syn-
wx module™ advocated by some researchers (e.g., Pinker,
1994; Wilkins & Waketield, 1994). That is, unless speech
motor contred and syatactic deficits are disseciabis, the angu-
mel for 2 brain structure specialized for syntactic processing
is erepirically uasupported. The observed correlation may re-
flect the preadaptive role of speech in the evolutios of syntax
{Lieberman, 1991, 1992).

Apan from its theoretical imparance for acoral and Bin-
guistic theones, this correlation can aiso have practical ap-
plicaticas. Cognitive impairments have been frequently ob-
served in high ahitude climbing 2nd flying and have often led
0 accidents due o improper evaluation of danger or other
poor judgement (Ward et al., 1989; Nelson ot al., 1580). If
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symax compreheasion deficits, such as those we observed,
are a good index of the other cognitive impairmeats thea
our findings suggest that speech mator control, as measured
theough VOT seperation width, can provide an estimate of
the extent of the impairment. Thus, we can construct a re-
mote MORitoTing sysiem fo sutomatically measure VOT sep-
aration width in naturally octurring speech {e.g., for commu-
nication) to essess aeural funttioning of personnel involved
in hazardous situations where the consequences of ermor can
be grave, such as aeronautics, spacefiight, and fight controtl.

Initial applications will certainly include situstions not
oniy of hypoxic hypoxis but also of anaemic hypoxia (e.g2..
from carbon monoxide intoxicaton), because the same brain
structures are again the most seasitive (globus paliidus in the
basel ganglia, hippocampus, and parts of the substantia nigra:
Brerley, 1976; Laplape, Levasseur, Pillon, Dubois, Baulac,
Mazoyer, Diak, Settc, Donze & Barrn 1939 o~ < parlaps ol
aicohol intoxication, if a similar reiatonship holds between
speech motor coatrol and the extent of the impairment. Fur-
thermore, it will be possible to use similar methods to re-
motely evaluste the treatment of neurodegenerative diseases
such as Parkinson’s. A patient would just make a phonecali
and an avtomated speech analysis system could aid the physi-
¢ian 1o evaluate their progress and adjust the treatment ac-
cordingly.

Conclusion

Ve have found corrciated deficits in speech motor con-
rol and syntax comprehension in five subjects climbing Mt
Everest. These deficits were more proncunced at higher alti-
rudes: ro deficits were found in other cognitive tasks, yield-
ing & patiern similar to that found in Parkinson's patients.
We argue that the impairmests are due to disruption of hasal
gznglia pathrvways to prefromsl contex cacsed by hypoxia, in
agreement with neuropathological findings on the vuinerabil-
ity of baain stroctures. The theoretical implications of our
findings are in favor of a basal gangiia involvement in many
functions besides motor controf and not consisten? with 2 spe-
cialized syntax module in the brain.

The practical applications of our study are also very impor-
tant. Previous studies have identified vanious cognitive im-
paiurments in ciimbers at nigh aititudes. but have nox offered
3 practical way o remotely assess their ncural functioning.
While symptoms of acute mountain sickecss (Regard et al.,
1991) and ventilatory response (Ward ¢! al., 1989) have slso
been repostedd to correlate with cognitive performance, the
former is not useful in prevention and the Iattey s far less easy
to monitor thar: VOT separation width in speech that is read-
ily available from the communications chanaeis.

More reseaech is necessary (o refine and validaie the pro-
cedure we propese. and to build a compact automatic speech
analysis system for remote monitoring. Such systems may
become indispensable in various situations where monitonng

B-40

crew behavior is critical, as well as in the day-to-day treat-
meat of Parkinson’s disease.
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Indiews Unirersity

Abetract—To ietermine how fomilierity
with & taller s voice affecss perception
of spoken words, we trained two growps
of subjects to recogrize 0 ser f voices
over o $-day pevicd. Ome group them
idearified novel words produced by the
seme set of telkers ar four sigral-io-
aoise rasios. Controd subjects identified
the semme words produced by a different
set of ralfers. The results showed theat
the ability to esnfy & 1efker" s voice i
proved inieBigidiliry of novel words pro-
daced by thast talker. The resufts supgpest
ka2 speech perception may ikvolve
toiker-contingent processes whereby
perveptas! lserning of espects of the vo-
ca! somrce Jecilitares the trdreguent
phonstic msulpsis of the aconstic signol.

Daring the perception of speech, fis-
tEneys must extract stable phonetic per
cepts froin acoustic sigeals that are
Mghdy wariable. Variations in tafker cher-
sctevistics. ¥ particoiar, have been
shoon &0 produce profound effects on
e geongtic renfization of speach sounds
{Nearey, 1¥78; Peterson & Barmey,
1930, Tradivionsfly, models of speech
perceptice have charaseerized variation
£ the aceustic specch signal as 3 percep-
sl probiom that perceivers must solve
(Shankwedler. Sirange, & Vesbrogge,
1975}, Listoness sre thoupht ©o contead
with veristion in speech signals dus W
tatker diffevences through 3 compense-
tory STocess id which speech sounds sre
acrmalized with reference 1o specific
woice cheracteristice. According 0 2
strict interpiretation of this view, Bfor-
metion abou? a taiker iy wripped away
during the parcepticn of speech to afrive
2t the shetreet, canomica! linguistic units
that ave peesumed o be the basic build-
ing blocks of perception (Haile, 1985;

Aﬁmmmewkym C.
Nygzasd. Speech Resemreh Laborutory, De-
pertment of Paychology. Indiena University,
Blosmingon, IN 67405, emad: inygardE
iadians eds.
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Joos, 1948; Summerfield & Hagpard,

mmméamsmm
relzted vo the perteption of the phoaetic
conteat of speeck. Althowgh » tmlker’s
voice carries umporiamt informstion
abows the social sed physical aspects of
thai wiker into the communicstive set-
ting {(Laver & TrodgR. 1979, the encod-
wd‘m&spec&mfamfm&e

ml&mﬂy”mweoha
prchiom cuite sepante from spprehend.
ieg the linguistic coutent of 2a utterzace.
On the oor hand, researciers have in-
vestigaied the abelty of istecers o ex-
plicttly recopmize ==y discriminnte famid-
tor amd unfoeilisr woices (e.g.. Lagge,
Grossmans, & Pieper, 1984; Yas
Lancker, Xreimas, & Exmorey, 1985).
0 this case, it spuech sigas! is viewed
mﬁruamdmm

in walker or sourte charectenistics or
from the point of view that veriztion due
w chenpes in alkers i3 noise et mBS
e normalized or dikarded guickly i or-
der 1o recover the Engesstic caniiat of an
uiterance. Consequeatly, the emphasis
in speech perceptics research s boes
oa emtifying and delfining shor-term,
mesumably setomatic sdapistions to
¢ifferences in somyee charpateristics
{Garvin & Ladefoged, 1963; Jobmsom,
1930; Ladefoged & Biuadbony, 1957:
Milter 1985 Nearey, 15855

ation of the encodiag of wlicer charastier
istics and the processing of the phoaelis
comiem of a8 ulterssce aasumes that the
sEslvsis of ihose oo Rinds of informs-
tice i independem (Ltvu'&m
mmu&mﬁam
ing body of resemrch domemstrating
oFects of talker vetebility oo boidh per-

Copyright & 1993 American Psvehologicsl Sosiety

ceproad (Mullennix & Pisoni. 1990; Mul-
lenmin, Plsod, & bartn, 1989; Summer-
fieid & Haggard, 1973) and memory
Goldinger, Pisomd, & Logan, 1991 Mar-
tin, BMullenmix, Pisomi, & Summers,
am) PrOCEsSes., For ezamnie. vsing 2

dure, Peimeri, Goldiager. and Pisoni
{3953} recently found thar specific voice

izformation was retained i@ memory

along with tem ipformanioa, and these
atriutes were fouznd 1o 2id teter recoz-
REtiOn memory. Teese Endings suggest
that wiker rformation mey oot de dis-
cxeted in tha process of speech percep-
toa, bt rather variation in 2 tafker's
voice @ay become pant o & rick sad
Mghly demiedmmmm of the

mn!smymm:heamiys;sot
sgeech produced by different taikers
{Ladefoged & Sroadbent, 1957} and thar
miker nformaction may be reisined ia
lomg-teTen @ETRCTY, the queston remains
whether the wiker Bformation that is re-
waiped in mewmory bes apy relationship to
the cupning snslvels of Regristic content
Soring the perception of spesch. The
peEpoee of the preses: expstignent wis
5 addness ihis question by determining if
differences in s Hstemer's Sdliarity with
z vocal source have aay offect om tke
cmeyding of the plometic contemt of 2
w¥r.2'e uitersece. To atcoenplish this,
we asbed two growes of Ssteners explic-
#1y 5 o 10 recognize the voices of 10
{ailers over a 9-day pericd. At theend of
the traiwing period, we evalsned the ol
of aiker racognitics o8 the percspticn of
spoker words to deturrume if the abdlity
%Mamsmmamp&

cal-accounss of speech perceptwn

(Fowter, 1995; Ldermas & Matunply, |

1985: McCleliand & Elmaa. 1936:
Blusmseein, (978). ¥ learaing
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Psychological Science, Vol. 5, No. 1, Nygazrd, L.C., Scmmers, M S, & Piscni, DB, Speech perveption s s

wiker-contingent process, pp. 42-48, {1934). Rep
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i 2 identify & tatker's voice is found to

affect subsequent word recognition per-
formance. the mechanisms responsibie
for the excoding of talker information
wonld seem 1O be linked directly to those
that undertie phonetic perception. Estaly
lishing such a hink would require & fun-
damental change i» present conceptunj-
tzations of the mature of mechanisms
contributing to speech perception.

METHOD

Subjects

Subjects were 38 undergraduate and
graduase students st Indiana University.,
Ninetesn subjacts served in each condh-
ton—experimental and coatrol. All sub-
iects were native speakers of Amerkan
English and reported ro history of 2
speech o hearing disorder a1 the time of
testing. The subjects were paid for their
SETVICSS.

Stimulus Materials

Three sets of stimuli were used o this
experiment. All were sziected from a

i data base of 360 reonosyliabic words

produced by 10 maiz and 10 female tatk-
ers. Word identification rests in quwet
showed greater than 0% intelligibitivy
for al} woeds. in addition, all words wers
rated to be highly familiar (Nusbaum,
Fisoai, & Davis, 19843, The stimuli were
originally recorded on audiotape and dig-
itized at » sampiling ratc of 10 kH2 on a
PDP 11734 computer using a 12-bit ana-
log-todigital coaverter. The root mwean
squared {RM3S) ampilitude levels for afi
words were digitaliy eguated.

Procedure

Training

Two groups of 19 listeners cach com-
pleted 9 days of traming to familianze
themseives with the voices of 10 tadkers.
Listerers were asked 1o lzamn to recug-
nize each talker's voice and 10 associate
that voice with one of 10 common aames
{see Lightfoot, 1989). Digitized stimuli
were presented using a 12-bit digital-to-
analog couverter amd were low-pess fil
tered 21 4.8 kM2, Stimuli were presented
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1o listeners over matched and calibraiad

TDH-3$ headphones at approximately &) |

dB SPL {sound pressure levell.

On each of the ¥ training days, both
groups of listeners completed three dif-
ferent phases. The fiest phase comsisted
of a famitiarization rask. Five words
from cach of the I iwalkers were pre-
sented in succession to the listeners.
Subjecis then heard 3 10-word list com-
poseid of | word from each tafker in suc-
cession. Each time z token was pre-
seated to the Hstenars, the name of the

! approprizte talker was displayed on a

; computer screen. Lisieners were asked

PR A

to listen carefuliy o Yhe words presented
and to attend specifically 10 the tatker's
voice so they could learn the rame.
The sacond phese of Lrrining con-
sistedd of a recognition task in which sub-
jects were asked 1o identify the talker
who had produced each token. The 1D
words used did not overlap with those
used in the first phase. Ten words from
ezach of the 10 talkers were presented
random arder to ¥steners who were

; asked to recognize cach voice by press-

ing the appropnate button on a key-

 board. The keys were iasbeled with 10

names. Keys | through 5 were labeled
with male names: Keys & through 10
were {abeled with female names On
cach wial, after ak subjects had ecatered
their responses. te correct Rame ap-
pearad on the compyter screen.

Afier subsects compleied two repeti-
tions of the first two phases of training.
we adminisiered » test phase on each
day. As in the second training phase, 10
words from each of the 10 talkers were
presented in random order. Subiects
were asked 1o indicate who each speaker
was by pressing om 3 Xevboard the but.
ton corresponding 1o the appropriate
name. However. fecdback was not
given,

Although the words used in the test
phase were drawse from the same 100
words used in the second training phase.
o cach day of training subjects never
heard the same item produced by the
same talker in botk the test and the train-
g phase. In addition, traimng stemub
were reselected from the datz base on
each day so ihat sebiects never heard the
same word produced by the same tafker
in trziming. This taining procedure was
designed 1o £xpose listeners 1o a diverse
set of 1okens from cach of the talkers.

B-$4
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Generalizarion

i

On the 10th day of the experment.

both groups of subjects completed 2 gen-

|

erglization test. One hundred pew words

produced by each of the 10 familiar ta'k- |

ors were used. As in the test phase used
during training. 10 words from exch of
the 0 wikers were presented in random
order. Subiects were asked to namne the
wlker on each tmal. No feedback was
gven. Thus, the peneralization test was
dentical 1o the trzining test phase except
that listeners had never heand any of the
words before.

Word irtelligibility

!

{

}

In addinion o the generalization esi, .

we administered a speech intelligibility |

test in which subjects were asked to
identifv words presented ir noise. In this
transfer task, (OQ povel words were pre-
s#nted at either 8G. 75. 70. or 65 4B
(SPL) in continunus white noise low-

e — v e

pass filiered at 4.8 kM7 and presented ar -

70 4B (SPL). yielding four signal-to-
noise ratios: ~ 10, +5. 0. and - 5. Equal
numbery of words were presented 3t

each of the four signal-to-noise ratios. In i

this test. subjects were simply asked to
identify the word ijself trather than ex-
plicitly recognize the talker's vowes by
typing the word or 2 keyboard. Subjects
in the expenmenta! condiion were pre-
sented with words produced by the 10
talkers they bad learncd in the Lraining
phase. Subjects i the control conditicn
were presented with words produced by
1§ new talkers they had a0t heard in the
rasning phases.

RESULTS AND DISCUSSION

Traini

Most subjects showed contiauaus im-
prosement actoss the 9 days in their abil-
ity to recognize 1alkers from isolated
words. However, mdividual differences
were found m performance. Copse-
quentiv. we selected a criterion of 0¥
correct for talker recognition on the lest
day of training for imclusion in the exper-
iment. Qur retionale for chocsiag this
critenion was simply that o determune
whether leaming a talker's voice affects
perceptuzl processing. We peeded 10 en-
sure we had identified & group of sub-
Jjects wha did. in fact. eam to recognize

Qa
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the talkers’ voicss from isofated words.
On the hasis of this criterion, 9 subjects
from each training group were included
in the fina! analysis.! Both groups of iis-
teners identified talkers consistently
above chance even oo the st day of
wainang, and performance rose to nesrly
SO°% correct by the last day of training. A
repeated measurces aaalysis of variance
TANOVA) with learning and days of
traiming as facrors showad 2 significant
mzin ¢ffect of day of training. FI9, 144)
= 73.55. p = .0001. but no difference
between the twe groups over days of
tredming. AU, 16 = Ol p > 0.

G lizats

The gereralization test showed al-
masi ileitical recognition of voices from
novel words on the 10th day as on the
finai day of training. The implication of
this result is that listeners acquired de-
tailed knowiedge about the talkers”
voices that was a0t necessanily depen
dent on the specific wonds that carmried
that irformation. In other words. the
percepiual learning that took place in the
course of the aine training Sesions was
not dependent on the traming stimul but
rather readily generalized 1o novel utter-
ances produced by the same set of talk-
ers.

Word Inzelligibility

Figure 1 shows the percentage of cor-
rect word idemification as o function of
signal-to-noise ratio for both groups of
wained subiects. As expected. identifica-
tion performance decreased from the
+ 6 to the 5 signal-to-noise ratio for
both groups. However. subdects tested
with words produced by familiar voices
were sigrificantly better in recognizing
novel words s1 each signal-io-noise ratio
than were subjects tested with unfamiliar

i. it should be noted that the task of kearn-
ing o identily voices from isolated words &5
exttemely difficult {see Williams. 19643
Therafore. it was pecenary 0 ! & somewhat
arbitrary training period and then select sub-
Fcts who had learned o our criterien by the
with solated words or with sentences or
larger passages of speech. a greater percent-
e of our subjects would have reachad a ot
terion ievet of performance.

“

b A A P A ot £ it Bk

+F

Signat-to-Neive Ratio

Fig. 1. Meczn intellighdity of wonds pre-
serad in noise for tesined and coatrol
subjects. Trrined. or experimental, sub-
JFCts were trained with one set of tatkers
and tested with words produced by these
familiar tatkers. Control subjects were
trained with one set of tatkers and tested
with words produced by & novel set of
talkers. Percentage of correct word rec.
ogrition is plotted at each signal-to-noise
ratio.

voices.® A repeated measures ANOVA
with training and siaeal-10-noise ratio as
factors revealed highly significant main
effects of botk signal-te-noise ratie, FI3,
48) = 173.27, p < .000!. and experimen-
tal condition fexperimental vs. control
groupl. FII, 16} = 13.62. p < 602}
To ensure that the overall intelligibil-

ity of the two sets of voices did not dif.
- fer. two additional groups of if un-

trained subjects who were not famibliar
with either set of talkers were given the
same word intelligibidity test. One un-
rained comrol group received the stim-

were presented to the trained control
goup ie the intelligibility est. ldemif-
cation peiformance for the trained and
untrained control groups did not differ.
A separate Tepeated measures ANOVA
inciuding the two untrained and the one
trained control conditions revealed a sig-

: nificant maiu effect of siznal-to-noise ra-

wlus iokens produced by the talkers who

were used in the training phase; the other
untrained control group received the
stimulus tokens from the talkers who

2. It shoukd be noted that e subsects who
did act mest the criteron of 0% correct
vaice identification oa Day 9 of traning were
#lsg tosted in the woard recogmition ask.
received words produced by wikers previ-
eusly heard in wnining showed 80 advantage
over subjects who received words prodused
by talkers not beard previomsiy. This finding
suggests that ampk expossfe to the voices
heard in training was not sufficien: for listen
ers to obtain the perceptual learning neces-
sary for improved wond recognition abxiity.

3. Four uems from the contral condition
were ehimingted from the overali ztztyses. Af-
ter the expenmant had been ran, these tems
were found to be misproncunced.

| e, F(3.102) =

22138 p < 001, but no
significant main effect of control condi-
tion, F{2, M) = .16, p > 9. This finding
coofirms that the diference in pesfor
mance beiween the experimentat group
and the trained control subjects was aot
due 1o inherent differences ia the intelli-
gibdity of the voices or the words used.

GENERAL DISCUSSION

The preseat ~tudy found that voice
recognition and processing of the pho-
netic content of a knguistic utterance
were not independest. Listeners who
iezmed to recognize a set of talkers ap-
parcntly encoded znd retzined in long-
term memory alker-specific information
thar facilitated the subsequent percep-
tcal analysis and destification of novel
words produced by the same talkers.
These Gindiags provide the first demos-
stration that experience identifying &
wliter’s voice Dxcilitates percestuat pro-
cessing of the phomtiic comtent of thai
spezker’s novel gtterseces. Not only
does the perceptusl learming that resuits
from the ialker recagnition task geners-
ize to the recognitioe of famitiar voices
producing rovel woeds, but that learming

also transfers 10 a completely different
. task involving the perceptual analysis of |

the phonetic ceatent of novel words pro-
duced by the same talkers i & speech
intelligibility tesf. Listeners who were
presaated with one set of voices but
were tested with inmother set of voices
faidled to show any beocfit from the ex-
perience grined by learning o recognize
those voices explicitly. Oniy expenience
with the specific voives used in the inted-
Ligsbiluty test facilitated the phonetic pro-
sessing of novel words, The anplication
of this reselt is that phonetic perception
and spoken word recognition appear to
be affected by knowledge of spesific ia-
formation about & tmikar's voice. Expe-
riencs with spegific acoustic attributes of
2 trlker's voice sppesrs o facilitare the
analvsis of spoken words,
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Qur resuits are consistent with the
vizw that the learning that occurs when
listepers zre trained 1o recognize and
identify talkers® voices involves the
modification of the procedures or per-
ceptusl operations pecessary for the ex-
traction of voice nformation from the
speech signal (Rolkers, 1976; Kolers &
Roediger, 1984). That is, over time Gur-
ing trzining, listeners may learn to aitend
to and modify the specific perceptual op-
erations used to analyze and encode
each talker's voice during parception,
and it is these talker-specific changes
that gre retained in memory. This proce-
durai knowledge would then aliow listen-
ers 10 more efficiently anaivze novel
waords produced by familiar talkers. We
believe this sittation may be very similar
to the case of reading and remembering
inverted text. Kolers aad Ostry {1974)
found that the operzbons nccossary to
read inverted text were retgined in iong-
term memory and facilitated subsequent
iasks involving readiag inverted lext.
The type of delziled procedural knowi-
edge that Kolers and Ostry described
may be respoasibie for subjects’ superior
performance in identifying words spoken
by famiiar talkers in the pressat expern-
ment.

The present indings demonstrate thar
the process that coatends with variation
in mlkar charscteristics can be modified
by experience and Taimng with a spe-
cific talker’s voice. The imteraction of
jearning to identity 2 tatker’s voice and
processing the phonetic content of » talk-
er's utterance suggests that the sheech
perceplion mechapism is susceptible to
general processes of perceptual leaming

and arteation. Thus, the processiag of & °

talker's voice may demaand time and re-
sources if the voice is unfamiliar 1o a kis-
tener (Martin et al., 1989; Mullennix et
al.. 1989: Summerfield & Haggard,
1§73), but may become much more effi-
cient if the voice can be identified as fa-
milizr (Lightfool, 1989). The fact that the
speech-processing system is susceptible
1o such modification argues against 2
strictly moduiar view of phonetic pro-
cessing {Fodor, 1983; Liberman & Mar-
tingly, 1'985). We find that encoding of a
taiker's voice interacts extensively with
the analysis of spoken words. If word
recognition were z scparable process or

| modufe distinct from voice recogniuon,
* then training listeners to identify voices

VOL. 5. NO. §, JANUARY 1994

should have no effect on speech intelli-
gibility. However, this experiment
shows thal iearning to identify voices
does focilitate perceptua!l analvsis of
words produced by those voices, indicat-
ing that encoding of voice characteristics
and the perception of speech are highly

perceptually organize the interieaved
1alker and linguistic information preseat
in the acoustic signal.

Finally, this study provides the firs?
direct demonstration of the role of long-
term memory and perceptual lcarning of
source characrenistcs in speech percep-
tico and spoken word recognition. The
perceptual jcarning acquired through 2
task involving exphicit dentification and
lzbeling of talkers™ voices was found to
transfer to an entively different task in-
volving the percepiion of the linguistic
contert of an utterance. It appears that
the gnalysis involved when different
vOICes are epcountered in the percepiual
process is not imited to short-term, on-
hne normalization. as supposed by most
current theories of speech perception,
bat rather is a highly modifiable process
that is subyect 10 the perceplual lesrmng
of wlker-specific information. Indeed,
the present findings suggest that the pho-
netic coding of speech is carried out in 2
teker-contingent manner. Phoptic per-
ception and spoken word recogrition ap-
pear to be integrally refated to knowf-
edpe of characteristics of a talker's vocal
tract and. consequentiy. attribates of a
talker's veice.
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Abstract. This paper summarizes resuits from receat studies on the role of ong-term memory in speech perception and
spoken wocd recopnition. Experiments on talker varishiliny. speaking rste and plrcepiusl lenrning prowide strong evidence
for implicit memary Sor very fine perceptus! details of speech. Listepers apparenthy encode specific atiributes of the tzlker's
voice and speiling rate into lOag-tTeray MEMOTY. ACOUSHC-PhoGett vanabibity does ool appar to B2 “iost” 25 2 result of
phonetic analysis. The process of perceplual normalization in sprech prrecption may thersfore entail encoding of specific
msiances o “episodes” of the stmulvs iepat and the operations psed in peroepiual analysis. These perceptuai operations
exy reside in & ~procedural memorn” for & peafic wiker's woire. Teken 1ogether, the prosent et of Redings are consisent
with non-smabytic accounts of percepton, memors and cognition which emphauze the ontduton of spisodic o
exzmplzr-based eacoding in loag-term memcty. The results from these studies also raise questions sbout the traditional
dissocistion m phonetics between the hnguistc and indemcst properties of speech. Listeners spparently retain non-finguistic
information ia long-termn memory about the spesker’s gender, dialec: speaking raie and emotinaal state. attnibutes of
speech signols that are oot traditionslhy considered part of phonetic of kevical representations of woeds. These properties
influence the initial perceptusl! encoding and retention of spokea wonds and therefore should play an important role in
theoretical scccunts of bow the oervous system maps speech signals ont heguistic representations @ the montal kacos.

Lpapmesievseng. Dieser Artikel (abi dic Ergebnisse von michich durchgelabrien Untersuchuagen Gher die Aufgabe des
lanpfrintigen Cedichtnisses bei der Erkeasuap von Spracke und Noten. Diese Erfakruapen bber e Verinderiichkeit der
Redaer, des SprachlluBes und dos aufackmenden Lernens 2eigen deutich das Bestchen eines Gedichinisses fir dhe sebe
feinen, sufnebenden Details der Sprache. Anxheinend codierss dic Haver die spezifiichen Attribute der Summe des
Redners und scines Sprechfusses in ciners langfristigea Gedichmis D skustisch-phonstische Verknderbobkeit scheint
mach der phovetischen Analvse oicht verioren ze siin Der bei der Spracherdenmung cimpesetzte Prodessor far die
Normalisierung der Aufrabame scheint somit cine Cogicvung der sperifischea Erc:gnisve odes “Episoden™ des Eingangsatime
wlfus and der qufselrmenden Anslyse za enthaften Diese Vorginge der Aufnahme hionten innesde® eines “Verfah-
reaspeichers” for jade pegebone Rednerstimmme durchgefubnt werden. Global gesshen stimmen die aktuelikn Beobachtun-
gen mat Jen aicht analytischen Beschreitumgen der Aufrahme. des Gedichinisses und der Erhenneng dberein, was &e
Bedewiuag ciner episodisshen Codicrung oder cine Codicrung “anhand vor Beispicien™ for das langfnstize Gedichins
zeigt. Die Ergeboisse Gieser Unteosnchungen untersireichen auch die Frage Jder raditionsilen Trennung in der p?hmedk
rotechen den sprachivchen Eipenschafien und der Indexicrung der SPrache Anschoumont buhalion die Hozer molarg’s &
#¢2 Gegichreis nicht sprachiiche Iaformationen Sher die An des Redoers, ssizen Dislekl, seinen Sprachilud und sginen
emotionellen Zostand: alles Astribute des Sprachsignaks, die sligemein nicht sls relevant fir die phoaetischen oder fexikalen
DarueBungen der Worte beridcksichtig: werden. Dicte Eigenschafien beeinfluBen dic urspringliche Codierung der Auf-
nabme und die Erianergag der gesprochenen Wore und spisien somit ¢ine bedeutende Kolie dei den theorelischen
Wpotiesen ier die Ast, wie das Nemvennsiem die Sprachsignale oyt den sprachichen Darsellunper im Gedaching in
Verbindung brinst

* Those of us who work in the Geld of human spesch peroeptioe owe 8 substantial intcBectus! debt io Professor Hiroya Fujisaki,
wht bae contributed in maww important wavs O our current understasding of the speech mode and the underving percepiual
mechanisres. His theoretical and empirica! work in the late 1960°s brought the study of speech peroontion directly into the mam
siresrn of eognitive psychology (Fojisaki snd Kawashima, 1965} In paricufar, his gioneening reszarch and modeling effonts ¢
categarics! perceplion inspired 2 lzrge aumber of empirical dudies on issees related to eoding procesess and the soatribution of
shore-term memory 1O speech perception and cateporizatios. This papes is dedicated 0 Professor Fujisald, ope of the great
pioncers iz the field of speeck research and spolien [anguage processing.

Elsevier Scence Publishers BV,
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DB Pisowi / Lomg-term mtmory ir sprecit perception

Reésumé, Cot srucie résume les résuRats 'dudes récentes sur le ke de i mémoire 3 long-terme en perception de parale ot
¢ reconnaissance de mots. Ces expériences sur ls variabilité des focuteurs, Je dént de parote et Fepprentusape perceptif
fournissent des prewves fortes en faveur de Uexistence d'ure mémoize implicite pous les dénails perceptifs trés fins de la
patok. Apparcnment, les auditturs encodent des stirduts spécifigues de la voix du locutzer et de sor d8it dans unc
mémoire } long-tene. La varisbilité aconstico—-phodtique ae semble pas tre “perdue™ 3 Uissue de Tanalyse phonétique.
Le processus de pomzlisation perceptive ¢o omuvte fors de i3 perception de parove sembic Gofc (OMPONIST R ercOGage
Jévénements ou “Eépisades™ spéeifiques du dimulus d'entrée et Jes opératicns danakse perceptive. Cot opérations
perceptives pourraien: &tre effectuées au stin d'une “Difmoire proctdurale”™ pour chague woix de locutenr donnée.
Globalement. Fensemble actue! d'obsenations &st en atcord avec kes présentetions non-anabtiques de la perception. de I
TRUmMOITE €1 G 12 Soglition Gui Melient Vatcent sor la contribetion Fun encodage Epsodique ou - i bese & exemples” au
proczssus de mémoire & long terme. Les réseitats de ces frudes posent Epalement ha question des dissociations iradicancliles
an phondtique cntre les propriftés linguistiques ot Findexation de (2 parole. Les auditeurs reticanent apparemment. dans ha
mémoire } koag-terme, des informations son-linguistigues sur le genre du oculenr. son dialectz, soa dédit de parvic ef son
état émotionnel. attributs du signal de parole qui ne soat généralement pas considénds comme ce'mant des représentations
PALEUARREY Sl CAITARS O MO LS PIOPORWS iafluemnent o comuntegs periepl matial ot 1a réiention des oot patiés £t
doivent par conséquent joust un rile important dans jes Bypothéses théoriques concemant la fagon doet ke Hystéme nervenx
asocie fos cnasx de perole dux représeniations Knguintiques dy lexique meatal

Eoywords, Specch porception: percepreal sormaiization; long-term memory. talker variabidity, speaking rate: imphoi
memoTy. oWtz —phonetic variahiity; procedural memory, soe-analytic perception: excmplar-base? encoding; mdesical
peoperties of speech.

1. Introduction

My research in the early 1970's was directly
motivated by Hiroya Fujisaki's propose! of the
differemtial roles of auditory and phonctic mem-
ory codes in the perception of consonants and
vowels (Fyjisaki and Kawashima, 1969). The sted-
ies that T carried out at that time demeonstrated
that it was possible to acoount for categorical and
non-tategorical modes of perception in terms of
coding and memory processes in short-1crm mem-
ory without recourse 1o the traditional theoretical
accounts that were very popular at the time
{Pisoni, 1973). These accounts of speech percep-
tion drew heavily on claims for a specialized
pereepiual mode for speech sounds that was dis-
tinct from other perceptual systems (Liberman et
al., 1967).

Professor Fupisaki's efforts along with other
results were largely responsible for integrating
the study of speech perception with other clasely
related fields of cognitive psychology such as per-
ception, memory and attention. By the mid 1970%,
the ficld of speech perception became a legiti-
male topic for experimental psychologists to study
(Pisoni, 1978). This was clearly an exciting time to
be working in speech perception. Before these
deveiopments, speech perception was an exotic
fisld representing the intersection of electrical

engineering. specch science, lingnistics, and tradi-
tional experimental psychology.

At the present time, the ficid of speech per-
ception has evolved into an extremely active area
of research with scientists from many different
disciplines working on & common set of problems
(Pisoni and Luce, 1987). Many of the current
problems revohe arcund issues of representation
and the role of coding and memory systems in
spoken language processing, topics that Professor
Fujisaki has writtzn about in some detail over the
years. The recent meetings of the ICSLP in Kobe
and Banff demonstrate a convergence on a “cote”
sel of bhasic research problems in the fHeld of
spoken language processing - problems that are
inherently multi-disciplinary in nature. As many
of us know from personal expericnces, Professor
Fujisaki was among the very first to recognize
these comman issues in his research and theoreti-
cal work over the years. The success of the o
ICSLF mectings i due, in part, 10 his vision for 2
unified approach to the ficld of spoken language
processing.

In this contribution, | am delighted to have the
opportunity to summarize sgme recent work from
my laboratory that deals with the rofe of jong-term
mematy it speech perception and spoken word
recognition. Much of our research cer the last
few years has mumed to guesiions conccrning
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perceptual learning and tih 12teniion o1 informa-
tion in perpanent long-tetm memory. This trend
contrasts with the earlier work in the 1970's which
was concemed almost eatirely with shost-term
memory. We have also focused mauch of our cur-
rent research on problems of spoken word recog-
nitien in contrast to eariier studics which were
concerned with phoneme perception. We draw a
distinction  between phonemc perception snd
spoken word recogrition. While phoneme per-
coption & assumed to be a component of the
word recogaition process, the two are not equiva-
lent. Word recognition entsils access to phono-
fogical information stored in long-term memory,
whereas phoneme perception relies almost exclu-
sively on the recogaition of acoustic cues con-
tzined in the speech signal.

Our interests are now directed at the interface
betwesn speech perception and spoken language
comprehension which naturally Ras led us to
problems of lexical access and the structure and
organization of sound pattemns in the mental lexi-
con (Pisoni e 2k, 15383} Findings from & variety
of studies suggest that very fine details in the
speech signal are preserved in the human mem-
oty system for relatively long peniods of time
(Goldinger, 1992). This information appears to be
used in a variety of ways to faclitate perceptual
encoding. retention ard retrieval of information
from memory. Many of our receat investigations
have been concerned with assessing the effects of
different sources of variability in speech percep-
tion (Sommers et al.. 1992a; Nygaard et ai.,
1992a). The resuits of these studies have encour-
aged us to reassess our beliefs about several
long-standing issu¢s such as acoustic-phonetic
invariance and the problems of perceptual nor-
malization in speech perception (Pisoni. 19923).

In the sections below, I will bricfly summarnize
the resuits from several recent studics thai deal
with talker variability, speaking rate, and percep-
wa! kamming. These findings have raised a num-
ber of important new questions gbout the tradi-
tions! dissociation between the linguistic and in-
dexical properties of speech signsls and the role
that different sources of variability play in speech
perception and spoken word recognition. For
many years, Linguists and phoneticians have con-
sidered attributes of the talker’s voice - what

Ladefoged refers to as the " personai” character-
istics of speech - o be independent of the lin-
guistic content of the talker's message (Lade-
foged, 1975; Laver and Trudgill, 1979). The disso-
ciation of these two parallel sources of informa-
tion in specch may have served a useful function
in the formal linovictic anslusic of lanonsce lhon
viewed as an idealized abstract system of symbols.
However, the arificial dissociztion has a2t the
same time created some difficult problems for
rescarchers who wish to gain a detailed under-
standing of how the nervous system encodes
speech signals and represents them intemally and
how real speakers and listeners deal with the
epormous amount of acoustic variability in speech.

2. Experiments on tatker varishility in speech
perception

A series of novel experiments has been carried
out to study the effects of different sources of
variability on speech perception and spoken ward
recognition (Pisoni, 1990). Instead of reducing of
climinsting varigbility in the sumulus materials,
as most rescarchers had routinely dore in the
past, we specifically introduccd variability from
diffcrent talkers and different speaking rates to
study their effects on perception (Pisoni, 1992b).
Our resecarch on tatker variability began with the
observations of Mullennix et al. (1589} who found
that the intelligibility of isolated spoken words
presented in noise was affected by the number of
talkers that were used to generate the test words
in the stimmulus ensemble. In ane condition, all
the words in a test list were produced by a single
talker: in another condition. the wards were pro-
duced by 15 diffvicat (e, including male ard
female wvoices. The resuits, which are shown in
Figure 1, were very clear. Across three signal-to-
noise tatios, identification performance was al-
ways befter for words that were produced by 2
single talker than words produced by multiple
talkers. Trial-to-trial variabdlity in the speaker™
voice apparently affects recognition performance.
This pattern was observed for both high-density
{i.c.. confusable} and low-density {i.e, non-con-
fusable} words. These findings replicated resuits
onginally found by Peters {1955) and Creclman
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{1957} back in the 1950°s and suggested to us that
the perceptual system must engage in some form
of “recalibration” ¢ach time a new voice is en-
countered during the set of test triaks.

In a second experiment, we measured naming
fatencies to the same words presented in both
test conditions (Mullennix et al., 1589). Table 1
provides & summary of the major resclis. We
found that subjects were not only slower to name
words from muliple-telker lists but they were
also less accurate when their performance was
compared (¢ paming woeds from single-talker
lists, Both sets of findings were serprising to us at
the time because all the test words used in the
axperiment were highly intelligible when pre-
sented in the quiet. The intelligibility and naming
deta immediately raised a number of additionat
questions shout how the various perceptual di-
mensions of the speech signal are processed by
the human listener. At the time, we naturally
assumed that the acoustic attributes used to per-
ceive voice guality were independent of the lin-

Tobie 1

hieen respouse latency (me) for correct responses for singie-
and @ized-talker conditions as » fusction Of kexical demity
(from (Muieasix et ai., 1969)
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Fig. 2 The amount of orthogonal imtesference {in milhsec-

cads) acvoss all stireulus veriability conditions as 2 fupctioe of

word and voice dimensions {(from (Molflenns and Psoei,
19900

guistic preperties of the signal. However, no one
had ever tested this assumption directly.

In another series of experiments we used =
speeded classification tack to assess whether at-
tributes of s talker's voice were perceived inde-
pendently of the phonetic form of the words
(Mulleanix and Pisoni, 1990). Subjects were re-
quired 1o attend selectively to one stimulus di-
measion (e, voie) while simultaneously ignor-
ing enother stimulus dimension (i.c., phoneme).
Figure 2 shows the main fndings. Across all
conditions, we found increases in interference
from both dimensions when the subjects were
required to attend selectively to only one of the
stimulus dimensions. The patien of sesalts sug-
gested thai wotds and voices were processed as
inmtegral dimensions; the perception of one di-
mensiop {i.c., phoncme) affects classification of
the other dimension {i.c., voke) and vice versa,
apd subjects cannot selectively ignore irrelevant
veriation on the non-aitended dimension. If hoth
perceptual diswnsions were processad separately,
as we originally assuroed, we shoald have found
litle if any interference from the non-attended
dimension whichk could be selectively ignored
without affecting performance on the attended
dimension. Not only did we find mutue! interfer-
ence supgesting that the two sets of dimensions,
voice and phoneme, are perceived in a mutually
dependent manprr but we aiso found that the
pattern of interference was asymmetrical. It was
casier for subjects to ignore irrelevant variation in
the phoneme dimension when their task was to
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classify the woice dimension than it was 1o ignore
the voice dimension when they had to classify the
phomemes.

Toe results from the perceptual experiments
Were Surprising givea our prior assumption that
the indexical and Hnguistic properties of speech
were perceived independently. To study this
problem further. we carricd out a series of mem-
ary experiments to assess the mental representa-
tion of speech in loag-term memory. Experiments
on serial recall of lists of spoken words by Martin
et al. (1989) and Goldinger =t . (1991) demon-
strated that specific detsils of a talker’s voice are
also encoded into loog-term memory. Using &
continuwous recognition memory procedure,
Palmeri ¢z 2l. (1993) found that detailed episodic
information abou? a talker’s voioe is also encoded
in memory and is available for explicit judgments
even when a great deal of competition from other
woices is present in the test scquence. Palmer et
al’s results are shown in Figure 3. The top papel
shows the probabdity that an item was correctly
recognized as a function of the number of talkers
in the stimulus set. The botiom panel shows the
probability of & correct recognition across differ-
ent stimulus lags of interwening items. In both
cases, the probability of correctly recognizing &
word a5 “old” (filled circles) was greater iof the
word was repeated in the same voice than if it
was repeated in a different voice of the same
gender (open squarcs) or a different woice of a
different gender {open triangles).

Finzily, in another set of experiments,
Goldinger (1992) found very strong .vidence of
implicit memory for attributes of a talker's vowce
which persists for a refatively long period of time
afier perceprual znalysis has been complcted. His
results are shown in Figure 4. Goldinger also
showed that the degree of perceptual similanity
sffects the magnitude of the repetition effect
suggesting that the perceptual svstcm cncodes
very detaiied tzlker-specific information about
spoken words in episodiv wemory.,

Taken together, our findings on the effects of
talker variability in perception and memory tasks
provide support for the proposal that detailed
perceptual information about 2 talker's voice is
preserved in some type of perceptual tepresenta-
tion system (PRS) (Schacter, 195)) and that these
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diferent-gender repehions. The uppe: pane! dsplaws dtem
resogaition as = function of tafker variahility. coltapsed across
values oof lag; the lower penct displays item recognition as &
functioe of tag, collagsed atross bovel of tatker vanability
ifrom (Palmseriet al, 19930

atinbutes are encoded into long-term mMCmory.
At the present time. it s not clear whether there
i$ One composite representition in memory or
whether these different sets of attributes are en-
coded n paralici 1n separale IZPICSCRIALONS
{Eich, 1982; Hintrman, 1986). It 15 also not clear
whether spoken words are encoded and repre-
sented in memory as a sequence of abstract sym-
bolic phoneme-like units alonag with much more
detailed episodic information about specific in-
stances and the processing operations used in
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perceptual analysis. These ate important ques.
tions for future research on spoken word recogni-
ton.

3. Experimnents on the effects of speaking rate

Another new series of experiments has been
carried ocut to examine the effects of speaking
rate on perception and memory. These studies,
which were designed to parallel the carlier exper-
iments on talker verizbility, have also shown that
the perceptual details associated with differences
in speaking rate arc not lost as a result of percep-
tual analysis. In one experiment, Sommers e al.
(1992b) found that words produced at differunt
speaking rates (i.c., fast, medium and stow) were
identified more poorly than the same words pro-

duced at only one speaking rate. These results
were compared to another condition in which
differences in amplitude were varied randomly
from trial to trial in the tegt sequences. In this
case, identification performance was not affected
by variability in overall Jevel. The resuits from
both conditions are shown in Figures 5 and 6.
Other experiments on serial recall have alse
been completed to examine the encoding and
representation of speaking rate in memory. Ny-
gaard ot al. (1992b) found that subjects recali
words from lists produced at a single speaking
rate better than the same words produced st
scveral different speaking rates. Interestingly, the
differences appeared in the primacy portion of
the seris! pasition curve suggesting greater diffi-
culty in the transfer of items into long-term mem-
ory. Differences in speaking rate, like those ob-
served for talker variability in our carlier experi-
zaents, suggest that perceptual encoding and re-
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Fig § Effects of talker, rate, and combired talfker and rate
vanability on perceptual ideatification (from! Sommers et al.
19001
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and tats vatiability on perceprual idemtfication (froen
Somme:s et al, 19924,

hearsal processes, which are typically thought to
operate on only abstract syvimbolic represenia-
tions, are also influenced by low-level perceptual
sources of variability. If these sources of variahil.
ity were somechow “fiitered out” or normalized by
the perceptual system at relatively early stages of
analvsis, differences in recall perfermance would
not be expected in memory tasks like the ones
used in these experiznents.

Taken iogether with the earlier results on
talhel vanidtabiy, v sasops vo peaniap Jale
suggest that details of the early perceptual analy-
sis of spoken words are pot jost and apparently
become an integral part of the mental rcpxese
ration ©of SpoKen WOIds in Dicmieid. in swdl
some cases. increased stimulus variability in an
experiracnl may actually help Usteness ta encode
items into Jong-term memory (Goldinger ot al,
1991 Nygaard et al, 1992b). Listeners encode
speech signais in multiple ways aleag many per-
ceptual dimensions and the memory system ap-

parently preserves these perceptual details much
more reliably than researchers have Delieved in
the past.

4. Experiments ex variability in perceptual learn-
ing

We have always maintained a strong inierest in
issucs surtounding perceptual learning and devel-
opment in speech perception (Aslin and Pisoni,
1980; Waliey ot ai., 1981). One reason for this
direction in our research is that much of the
theorizing that has been done in speech percep-
tion has focused almost eatirely on the mature
adult with linie contern for the processes of
perceptual lcamning and developmental change.
This has always seemed to be a peculiar state of
ifars becanse it ¥ now very well established thar
the linguistic ¢nvironment? piays an enormons role
in shaping and modifying the speech perveption
abitities of infants and voung chiidren as they
acquire their natne language (Jusczyk, 1993)
Theoretical accounts of speech perception shouid
not only describe the perceptual abilitics of the
mature listener but they should also provide some
principled explanations of how these abilities de-
velop and how thev are selectively modified by
the language Jearning environment (Juscayk, 1993
Studdart-Kennedy, 1580},

One of the questions that we have been inter.
ested in deals with the zpparent difficulty that
adult Japanese listeners have in discriminating
English /17 and /17 (Logan et ai,, 1991; Lively
et al., 1992, 1993, Strange and Dittmann, 19847
Is the failure to discriminate this contrast due to
some permanent change in the perceptual abili-
ties of native speakers of Japanese or are the
ba~ SeEnsofy ang perceptual mechanisms stll
intact and only temporarily modificd by changes
in selective attention and cateporization? Many
researchers working in the field have maintained
the viow that the affacte of lnanictic sxnetience
on speech perception are extremely difficult, if
ot impossible, to moddy i 2 short period of
time. The process of “re.dearning™ or “re-aoquisi-
tion” of phonetic contrasts is generafly assumed
to be very Jdifficalt - {t is slow, ¢ffortful and
comsiderable vanability has beea observed among
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individuals in reacquiring scund contrasts that
were not present in their native language {Strange
and Dittmann, 1984},

We have carricd out a series of laboratony
training experiments to icam more about the
difficuity Japanese listenesrs have in identifying
English words contsining /r/ and /1/ (Logan et
i, 19%1) In these studies we have laken some
chues from the Literature in cognitive psychology
on the development of new perceptuzl categoerics
and have designed our traiming procedures to
cupaedse o the importont role that etimylus
variability plays in perceptual learning \Posner
and Keele, 19856). In the training phase of our
experiments, we used & set of stimuli that con-
tained 2 great desl of variahility. The phonemes
/17 and 71/ appeared in English words in sev-
era! different phonetic environments so that lis-
teners would be exposed to different contextuel
variants of the same phoneme in different posi-
tions. In additior.. we created 3 large database of
words that were produced by several differem
talkers including both men and women io order
to provide the listeners with exposure to 2 wide
range of stimulus wokens.

A pretest-postiest design was used to assess
the effects of the training procedures. Subiects
were required 1o come ta the laboratory for daily
training sessions in which immediate fesdback
was provided after each trial. We trained a group
of six Jepanese listeners using a two-alternative
forced-choice identification task. The stimulus
materials consisted of minimal pairs of English
words that contrasted /r/ and /1/ in five differ-
ent phonetic eavironments.

On cach: training trial, subjocts were presented
with a minimal pair of words contrasting /r/ and
/17 on & CRT monitor. Subjects then beard one
member of the pair and were asked to press 2
response button corresponding to the word they
heard. If a listener made 2 correct response, the
serics of training trials continved. 1f g listener
meade an error, the minirna!l pair remained on the
monitor and the stimulus word was repeated. In
sddition to the daily treining sessions, subjects
were also given a pretest and 2 posttest. At the
end of the experiment, we 2isn administersd a0
additional tests of generalization. One 25t con-
tained new words produced by one of the talkers

B-57

used in ‘raining: the other test contained new
words produced by a novel talker.

Identification asccurscy improved significantly
from the pretest to the posttest. Large and reli-
able effects of phonetic environment also were
observed. Subjects were most accurate at identify-
ing /r/ and /1/ in word final position. A signifi-
cant interaction between the phonetic <mviron-
men: and pretest—postiest variables also was ob-
served. Subjects improved more in imitial conso-
nant clusters and in intervocalic position than in
word-initial and word-final positions.

The training results alse showed that subjects
performance improved as a function of training.
The largest gain came afier one week of training.
The gain in the other weeks was slightly smaller.
Each of the six subjects showed improvement,
although large individual differences in absolute
levels of performance were observed.

The tests of geperalization provided an add:-
tonal way of assessing the effectiveness of the
training procedures. Sublects were presented with
new words spoken by a familiar talker and now
words spoken by a movel talker. The /r/-/1/
contrast oocurred in all five phonetic environ-
ments and listeners were regquired to perform the
same categorization task. ¥In our first training
study, accuracy was marginaily greater for words
produced by the old talker compared to the new
talker. Howeves, in 8 replication experiment us-
ing 19 mono-fingual Japanese listeners. we found
a highly significant difference in performance on
the generalization tests (Lively et al., 1992) The
resulis of the generalization tests demonsirate
the high degree of context sensitivity presemt in
learning to perceive those contrastss Listeners
were sensitive to the voice of the talker producing
the tokens 25 well as the phonetic eavironment in
which the contrasts occurred, Thus, stimulus vari-
ability is vsefix in perceptual leaming of complex
muitidimensiona! categories like speech begause
it sarves 1o make the mental representations ex-
tremely robust over differant acoustic transforma-
tions such as talker, phonetic environment and
spcaking rate. In 2 high variahility training proce-
dure, like the one used by Logan et al, listeners
are not able 1o focus their attention on oniv one
set of criterial cues to learn the category structure
for the phonemes /77 znd 71/, Listepers have 1o
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acquire detailed kmowledge about different
sounces of variahility in order to be able to gener-
alize to aew words and new talkers.

We have zlso been interested i another kind
o1 percepiuzl iearning, the tuning or adaptation
that occurs when a [istenzr becomes familiar with
the voice of a specific talker (Nvgaard et zi, in
press}. This particular kind of perceptual kearning
has not received very much atteniton in the past
despite the obvious relevance o prodlems of
speaker normalization, acoustic-phonetic invars-
ance and the potential application te autcmatic
speech recognition and speaker identification
{Kakehi, 1992, Fowler, in press). Our scarch of
the research literature on tslker adaptation re-
vezled only a small number of studics on this
topic and ali of them appeared in obscurze techni-
cal reports from the mid 1950’s. Thus, we decided
to carry outl a perceptual lcarning experiment in
our owe lsbotatory.

To determine how familiarity with 2 talker's
woice affects the perception of spoken words, we
had listeners learn to explicitly identify 2 st of
unfamiliar voices over a nine day period using
common names (i.e., Bill Joe, Sue, Mary). After
the subjects leamed to recognize the voices, we
preseated them with a set of novel words mixed
in noise at several signal-to-noise ratios: haif the
listeners heard the words produced by tatkers
that they were previously trained on and half the
listeners heard the words produced by new talk-
ers that they had aot been exposed to previously.
In this phase of the experiment, which was de-
signed to measure speech intelligibility, subjects
were required to Kentify the words rather than
recognize the woices as they had done in the
earlier phase of the experiment.

Tie Toauits vi the inieiigibility experiment are
shown in Figurs 7 for two groups of subjects. We
found thet identification performance for the
trained group was reliabiy better than the controd
avann at aach Af the cionalto-nnice ratios tested.
The subjects who had heard novel words pro-
duced by familiar voices were able to recognize
words in neise mote accurately than subiects who
received the same novel words produced by unfe-
mitiar wices. Two other groups of subjects were
also tun in the intefligibility experiment as con-
trols; however, these subjects did not receive any

~

Inteliigibility of Words in Noise

Percent Correct
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Signal-to-Noize Ratie
Fig. 7. Mean inteligitaidy of words sixed in nowse for trained
ard conircl sulmects Percent coerect word recogmiten s
ohatted at each signallo-nore e {from (Nagaard et al,
199Thi)

training and were therefore not exposed to any of
the voices prior to hearing the same set of words
in noise. One control group received the set of
words pressnted o the trsined expenmental
group: the other conteol group received the words
that were presented io the trained control sub-
jects. The performance of these wo control
groups was not only same but was equivalent to
the inteiligibility scores obtained by the trained
conirol group. Only subjects in the experimental
group who wers explicitly trained on the woices
showed an advantage in recognizing novel words
produced by familiar taikers.

The findings {rom this perceptual learning ex-
periment demonstrate that exposure to a talkers
voice facilitates subsequent perceptusz! processing
of aovel words produced by a familiar tatker.
Thus. speech perception and spoken ward resne.
nition draw on highly specific perceptual knowi-
edge about a talker’s voice that was obtained in
an eatircly different experimental task ~ explicit
voloe recognition as compared to a speech inteih-
gibilicy tes? in which aowvel words were mixed I
noise and subjects identificd the items explicitly
from an Open response set.

What kind of perceptual knowiedge does a
iistemer acquire when he listens to 8 spesker's
voice and 5 required to carfy out an explicit
name 7ecognition task like our subjests did in this
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experiment? One possibility is that the proce-
durcs or perceptual operations (Kolers, 1973
used to recogawre the voices are retained in some
type of “procedurzl memorny” and these routines
are invoked again when the same voice is encobn-
terad in & subsequent intelligibility test. This kind
of procedural knowledge might increase the effi-
ciency of ithe percepiual analysis fof oovel woids
produced by famiar talkers because detailed
analysis of the speaker’s voice would not have to
be carried out again. Another possibility is that
specific instances - perceptual episodes or exem-
plars of each talker's voice - are stored in mer-
ory and then later retrieved during the process of
word recognition when new tokens from a famil-
iar talker are encountered {Jacoby and Brooks,
16843,

Whatever the exzct nature of this information
or knowledge turns out to be, the important point
here is that prior exposure 1o g tajker’s voice
facilitates subsequent recognition of novel words
produced by the same talkers. Such findings
demonstrate 2 form of mplicit memory for a
talker’s voice that is distinct from the retention of
the individual tems used and the specific task
that w2s employed to familiarize the listeners
with the voices (Schacter, 1992; Roegiger, 1990}
These findings provide additional suppor: for the
view that the intemal representation of spoken
words encompasses wiih a phonetic description
of the utterance, as weil as information shout the
structural description of the source characteris-
tics of the specibe tatker. Thus, speech percep-
tion appears to be camried out in 2 “talker-contin-
gent” manner; indexical and linguistic properties
of the speech signal are apparently closely inter-
reiated and are not dissociated in perceptual
aaalysiz 25 many rescarchers previously thought.
We believe these talker-contingrnt effects may
provide 2 new way to deal with some of the oid
probiems in speech perception that have been 0
difficult 1o resolve in the past.

5. Abstractionist versus episodic approaches o
speech perception

The resuits we have obtained over the iz<t few
years raise a rumber of important guestions shout

the theoretice! assumptions of metatheory of
speech perception which has been shared for
many vesrs by almost ail researchers working in
the field (Pisoni and Luce, 1986). Within cogni-
tive psychology, the traditional view of speech
perception can be comsidered among the best
exsmples of what have been called “ad-

2l
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gotiration aad memory f Jacoby and Brooks, 19843,
Units of percentual snslysis in speech were as-
sumed (o be equivaient to the absuac wwealwed
gategories propnged by finmicts Ta shoale Foeee o2
acabyses of language structure and function. The
gual of speech perception studies was to find the
physical invariants in the speech signal that
meapped onto the phonetic categorics of speach
{Studdert-Kennedy, 1976). Emphasis was ditected
2! separating siable, relevant features from the
highly variable, irrelevanat features of the signal.
An important assumption of this (raditional ap-
proach 10 perception and cognition was the pro-
cess of abstraction and the reduction of informa-
tior in the signai fo 2 more ¢fficient and cconom-
kal symbalic code (Posaer, 1969, Neisser, 1976)
Unfortunately, it became apparent very early on
m speech perception research that idealized lin-
guistic vaits, such as phonemes ar phoneme-like
units, were highly dependent on phosietic context
and moreover that & wide varicty of factors influ-
enced ieir physical realization in the speech
signa! (Stevens, 1971; Klaw, 1986). Nevertheless,
the search for acoustic invariance has continued
n one way of another and still rerpains a central
problem in the field today.

Recently, 2 number of skudies on categoriza-
tion and memory in cognitive pawchoiogy bave
provided evidence for the encoding and retention
of episodic information and the details of percep-
tual analysis (Jacolw and Brooks, 19584; Brooks.
1978; Talving and Schacier, 1990; Schacter, 1950
According to this approach, stiaulus variability is
considered to be “lawful” and informative to
pereeptual analysts {(Elman and McoCleilan, 1986).
Memory involves encoding specific instances, s
well as the processing operations used in recogni-
tion {(Kolers, 1973, 1976). The major emphasis of
this view it on particulars, rather than ghstract
generaiizations or symmbolic coding of the stimuius
input into idezlized categories. Thus the prob-
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lems of varizhility and ivariance in speech per-
ception can be zpproached in a different way by
pom-analytic or instance-based accounts of per-
ception and memory with the emphasis oa encod-
ing of exemplars and specifxc instances of the
stimulus epvironment rather than the search for
physical iavariants for abstract symbodic cete-
BOTIES.

We believe that the findings from studies on
noranalytic cognition can be generalized to theo-
retical questions about the nature of perception
and memory for speech signak and ‘o assuinp-
tions about abstractionist representations based
cn formal Uaguistic analyses. When the criteria
used for postulating episodic or non-analytic rep-
resentahons are exaimined carefully, it immed:-
ately becomes clear that speech signals display a
numbzar of distinctive properiies that make them
especially good candidates for this approach w0
perception and memory (Jacoby and Brooks, 1984;
Brooks, 1978). These criteria which are summa.
rized below can be 2pplied dicectly o speech
perception and spoken language proxessing.

5.1. High stimudus v riabifity

Spexch signals display a great deal of variabil-
ity primarily because of factors that influence the
production of speken language. Among these are
within- and between-talker variability, changes in
speaking rate and dialect, differsnces in social
contests, syntactic, semantic and pragmatic ef-
fects, as well as a wide variety of cffecis dus to
the ambient environment such as background
noise, reverberation and mictrophons characteris-
tes (Klatt, 1986). These diverse sources of van-
ahitin: ranvictenth: mendece Iares chanssq in the
acoustic- phonetic properties of speech and they
need 1o be accommodated in theoretical accounts
of speech perception.

L2 Complexr catesory relanons

The use of phonemes as perceptual categories
in speech perception entails 2 sct of complex
assumptions about category membership which
are based on formal linguistic criteria inveiving
principles such as complementary disiribation,
free veriation and phonetic similarity. The reia-

tonship between ailophones and phonemes ac-
knowledges explicitly the context-seasitive nature
of the category relations that ere used to define
classes of speech sounds that function in similar
ways in different phonetic environments. In addi-
tion. there is evidence for “trading relations”
among cues to particuiar phonetic contrasts in
speech. Acoustically different cues o the same

contrast interact 2s a function of context.

5.3 Incomplete information

Spoken languags is 2 highly redundant sym-
bolic system which has evolved to maximize trans-
mission of information. In the case of speech
perception, research has demonstrated the exis-
tence of muitiple speech cues for almost every
phonetic contrast. While these speech cues are,
for the most part. highly context-dependent, they
also nrovide partial information that can facilitate
comprehenston of the intended message when
the signa! is degraded. This feature of speech
perception permits high rates of information
ransmission even under poor listening ccadi-
tans.

5.4 High aneblic difficuiry

Speech sounds are mmberently multidimen-
sional in nature. They encode & large number of
quasi-independent articulatory anributes that are
mapped on 1o the phonological categories of a
specific ianguage. Because of the complexity of
se=ech categories and the high acoustiz—phoneric
variability, the category structure of speech is not
amenable to simpie hypothesis lesting. As 2 con-
sequence, it has been extremely difficult to for-
malize a set of explict rules that can successtully
map speech cues onto a set of idezlized phoneme
categories. Phoneme categones are 2iso highh
automatized. The category structure of & lan-
guage is learned in 2 tacit and incidental way by
voung children. Moreover, because the criterial
dimensional structures of speech are not rypicaily
available to consciousness. it i difficult 10 make
many aspects of speech perception explicit o
cither children, adults, or machines

B-&6G
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5.5, Theee domains of speech

Among category systems, speech appears to be
unusual in several respects because of the map-
ping between production and perception. Speech
exists simultaneously in three very different do-
mains: the acoustic domain, the articolatory do-
main and the pereeptual domain. While the rels-
tions among these three domains is complex, they
are not arbitrary because the sound contrasts
used in z language function within & common
knguistic <ionaling system that is assumed 0 en-
compass both production and perception. Thus,
the phonetic distinctions generated in speech
production by the vocal tract are precisely those
same acoustic differences that are imporiani in
percepiual analysis {(Stevens, 1972). Any theoreti-
cal account of speech perception must also take
into consideration aspects of speech production
and acoustics. The percspiual spaces mapped out
in speech production have to be very closely
correlated with the same ones used in speech
perception.

lo karring the sound system of a language,
the chiid must not oely develop abilities to dis-
criminate and identify sounds. but he /she must
also be able to control the motor mechanisme
used in articylation to generate preciscly the same
phonetic contrasts in speech production that he /
she has become attuned {¢ in perception. One
reason that the developing perceptual system
might preserve very fine phonetic details as well
as characteristics of the talker’s voice would be to
aliow & voung child to accurately imitate and
reproduce speech patierns heard in the surround-
ing language lecaraing environment (Studdert-
Keanedy, 1983). This skill would provide the child
with an enommous benefit in acquiring the
phonology of the iocal dialect from speakers he/
she is sxposed to early in life.

€. Discussion

it has become common over the last 25 years
to argue that speech perception is 2 highly unigue
process that requires specialized ncural procass-
ing mechanisms to carry outl perceptual analyvsis
{(Liberman e1 al, 1987). These theoretical ac-
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counts of speech perception have typically em-
phasized the differences in perception between
speech and other perceptual processes. Relatively
few researchers working in the field of speech
percepiion have tried to ideaty commaonatiies
among other perceptual systems and draw paral-
lels with speech. Our recent findings on the en-
coding of different sources of varishilite in enasch
and the olc of long-term memory for specific
instances are compatible with 2 rapidly growing
body of rescarch in cognitive psyehology on im-
plicit memory phenomena and non-analviic
modes of processing (facoby and Brooks, 198s;
Brooks, 1978).

Traditional memory rescarck has been con-
cerned with “explicit memony™ in which the sub-
ject i requited to consciously access and manipu-
late recently presented information from memory
using “direct vests” such as recall or recognition.
This line of memeory research has a long history in
experimental psychology and it is an area that
most acech researchers are familier with. In
contrast, the recent literature on “implicit mem-
ory” shenomenz has provided new evidence for
uxconscious aspects of perception, memory and
cognition {Schacter, 1992; Roediger, 1990). Im-
plicit memory fefers 10 a form of memory that
was acquired during a specific instance or episcde
and it is typically measured by “indirect tests”
such as stem or fragmen! compietion, priming of
changes in perceprual idemtification performance.
In these types of memory tests. subjects are sot
required to cousciocusly recollect previowsly ace
guired information. In fact, in many cases, espe-
ciaily in processing spoken language, subjects may
be unable to esccess the information deliberately
or ¢wen boing it 1o consciousness (Studdert-Ken-
redy, 1974),

Studies of mplicit memory have uncoversd
imoortant new information about the effects of
prior experience on perception and memory. In
addition to traditional abstractionist modes of
cognition which tend to emphasize symbacdic cod-
ing of the stimulus input, bumercus re<ent exper-
poents have provided evidence for a parallel
non-z2nalytic memcry svstem that preserves spe-
cific instances of stimulstion as perceplual
episodes or exemplars which are aiso stored in
memory. Thess perceptus! episodes have been
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shown to affect later processing activities. We
believe that it is this implicit perceptual memory
system that eacodes the indexical information in
speech about talker's gender. dialect and speak-
ing rate. And, we believe that it is this memory
system that encodes and prescrves the perceptual
operations or procedural knowledge that listeners
acquire shout specific vaices that faciditates later
recognition of novel words by familiar speakers.

Our findings demonstrating that spoken word
recognition is talker-contingent and that familiar
voices are encoded differently than novel voices
raises 2 new set of questions concerning the
tong-standing dissocistion berween the linguistic
properties of speech - the features, phonemes
and words used to convey the linguistic message
- and the indexical propertics of spesch - those
personal or paralinguistic atiributes of the speech
signal which provide the listener with infarmation
about the form of the message — the speaker’s
gender, dialect, social class, and emotional state,
zmong other things. In the past, these two sources
of information were separated for purposes of
linguistic analysis of the message. The present set
of findings suggcsts this may have been an incor-
rect assumption for speech perception.

Relative 1o the research carried out on the
linguistic properties of speech, which has a his-
tory dating back to the lste 1940%s, much less is
known about perception of the acoustic corre-
lates of the indexical or paraiinguisiic functions
of specch (Ladcfoged, 1975 Laver and Trudgill
1979). While there have been a number of recent
studies on explicit vaice recognition and identifi-
cation by humar listeners (Papcun et al., 1989).
very tittle rescarch has been carried out on prob-
iems surrcunding the “implicit™ or “uncopscious™
croodig ot ainoutes of wores and how this
form of memory migh, affect the recognition pro-
cess associated with the Inguistic attributes of
spoken words (Nvgaand et 2l in pressh. A ques
riam ehat aateealte aricec in thic cnntext (s whether
or not familiar voices are processed differently
than enfamiliar or novel voices. Perhap: familiar
voices are simply recognized more efficiently than
novel woices and are perceived in fundamentally
the same way by the same neural mechanisms as
unfam:liar voices. The available evidence i the
iiterature has shown. howcever, thet familiar and

unfamiliar voices are processed differentiaily by
the two hemispheres of the brain and that seiec-
tive impairment resulting from brain damage can
sffect the perception of familiar and novel voices
in very different ways (Kreiman and VanLaacksrs,
1988: Vanlancker et al., 1988, 1989),

Most researchers working in spesch percep-
tian adopted a common s¢i of assumptions about
the units of linguistic analysic and the goals of
speech percepiion. The primmary objective was to
extract the speaker's message from the acgustic
waveform without regsrd to the source
{Studdest-Keanedy, 1974). The present set of
findings suggests that while the dissociation be-
tween indexical and linguistic properties of speech
may have been a useful dichotomy for theoreiical
finguists who approach language s a highly ab-
stract formalized symbolic system, the same set of
assymptions may no longer be useful for specch
scientists who are interested in describing and
moadsling how the human nervous system encodes
spacch signals into representations in fong-term
memory.

Cur recent findings on vanability suggest that
fine phonstic details about the form and stmic-
ture of the signal are not lost as a conseguence of
percepical analysis as widely assumed v re-
ssarchers vears ago. Attributes of the taikers
wice are also pot lost o7 normalized away, at
least not immediately after perceptual analyvsis
has heen completed. In contrast to the theoretical
vigws that were very popular a fow years ago, the
present findings have raised some new Questions
about how rescacchers have approached the
problems of variability, imvariance and perceptual
normalization in the past. For exampie, there is
now sufficient evidence from perceptual expen-
mentation to suggest that the fundamaenta! o2
ceplual catepories of speech - phonemes and
phoneme.like units - are probably not as nigidiy
fixed or weli-d=fined physically as theorists once
believed. These perceptual categories appear io
be highiv variable and their physical attributes
have been saown o be strongly affected by a
wide variety of contextual factors (Klaet, 19792 h
scems very uglikely after some 45 years of re-
sezrch on speech that verv simpiéc physcal invar-
ants for phonemes will be uncovered from ansh-
sis of the speech signal. If invenants are uncov-
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ered they will probably be very complex dme-
varying cues that are highly context-dependent.

Many of the theoretical views that speech re-
scarchers have held about language were moti-
vated by linguistic considerations of sprech as an
idealized symbolic system essentially free from
phivsical variability. indeed, variability in speech
was sonsidered by many researchers 1o be a source
of “noise™ - an undesirable set of perturbations
on what was otherwise supposed to be an ideal-
ized sequence of abstract symbols amrayed lie-
~adi) 0 time. Unfortunarnch it has takean a long
time for speech rescarchers to reslize that vari-
ability is au inherent characteristic of all biologi-
cal systemns including speech. Rather chan view
variability 35 noise, some theorists have recog-
aized that varizbihity might acrualiy be useful and
informative t0 human listeners who are abie to
encode speech signails in variety of different ways
depending vpon the circumstances and demands
of the iistening task {Elman and McCiellan, 1985).
The recent proposals in the kuman memory liter-
ature for muitiple memory systems suggest that
the internal representation of speech is probably
much mors detailed and more elaborate than
previoasly believed from simply an abstractionist
Imguistic point of view. The traditiona) views
about features, phonemes and acoustic—-phonetic
invariance are simply no longer adequate ‘o ac-
comepodate the new findings that have bzen un-
covered concetning context effecis and variability
in speech perception and spoken word recogni-
tion. In the future, it may be very useful to
expiors the parailels between sionlar perceptual
systems such as face recognition and voice Tecog-
nition. There is, in {act, somwe reason (o suspect
that paraiie! acurai mechanisms may be em-
ploved in each case despite the obnvious differ-
ences in modalities.

7. Coachasions

The results summarized in this paper on the

wcle of variability in speech porceplion 2 om- .

patible with non-analytic or instunce-based views
of cognition which emphasize the episodic encod-
ing of specific details of the stimulus emiron-
ment. Our studies on talker and rate variabiliny
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and our acw experiments on perceptual learning
of novel phonetic contrasts and novel voices have
provided impoctam information about speech
perception and spoken word recognition and bave
served to raise & set of new guestions for future
research. In this section, { simpiy list the major
sonctusions and hope these will eotourage oihers
10 look at some of the long-standing probiems
our field in 2 different way in the future.

First, our findings raisc questions about previ-
ous views of the menzal representation of speech.
In particular, we have found that very detailed
information zbout the source characteristics of a
takker’s voice is ercoded into long-term memory.
Whatever the internal representation of speech
warns out 1o be, it is clear that it is 20t isomorpai
with the {inguict’s description of speech as an
sbetract idealized sequence of segments. Meatal
representations of speech are much more de-
tatled and more elzberate and they contain sevw.
eral sources of information about the taiker's
voice: perhaps these representitions retain a per-
centual record of the processing operations nsed
to recognize the input patterns or mavbe they
reflact some other set of talker-specific attributes

ibhat permit 2 listener to explicitly recogrize the

voice of a familiar tatker when asked o do so
directly.

Secondd, our findings suggest a differeat ap-
proach 1 the problem of acoustic-phonstic vari-
aovility in spoech perception. Varabilicy is oot a
source of nvise; it is lawfu) and provides poten-
tally usehul inforination about charecteristics of
the talker’s voice and soeaking rate as weli as the
phonetic context. These somces of information
may be accessed when a lissener hears novel
words or sertences produced by a familiar taiker.
Variability thay provide important talker-specific
information that zffects encoding fuency and
processing efficiency in a vanety of tasks

Thizd, our findings provide additionaf evi-
dence that speech categories are highly sensithve
to context and that some details of the input
signal are not lost oy fillered oul as 2 conse-
QUENRTC of percpilual analysis. 7 These resulis are
consistent with recent proposals for the existence
of muftiple memory systemys and the role of per-
ceptual representation systems (PRS) in memory

and kaming. The presant findings also suggest 2
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somewhat diffzrent view of the process of percep-
tual pormalization which has generally focused
on the processes of ahsiraction and stimulus re-
duction in categonization of speech sounds.

Finally, the rasuits described here suggest sev-
eral directions for new maodels of speech percep-
tton and spoken word recognition that are mou-
vated by a different set of criteria than traditional
abstractionist approaches to petception and
memory. Exemplar-based or episodic models of
categonzation provide & viahie theoretical alter.
native 10 the problkems of imanance, variability
and perceptual normalization that have been dif-
ficult to resclve with current models of speech
perception that were inspired by formal linguistic
analyses of {angeage. We believe that many of the
current theoretical probiems in the field can be
approached in quite different wiays when viewed
within the gencral framework of non-analytic or
instance-based models of cognitier which have
altecnative methods of dealing with variability,
context effects and perceptual leaming which
have been the halimarks of humar speech per-
coption.
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