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POLICY AND DISCLAIMERS

Policy Statement: The Federal Aviation Administration (FAA) Academy
strangly supports acadamic freedom ard a researcher’s right to publish; there-
fare, the Federal Aviation Administration Academy as an institution does not
endorse the viewpoint or guarantee the tedmical correctness of arty of the ar-
ticles in this jomel.

Disclaimer of Liability: With respect to articles available in this jomrel,
neither the United States Goverrment nor the Federal Aviation Administration
Academy nor ary of their employees, makes any warranty, express or implied,
including the warranties of merchantability and fitness for a partiaular purpose,
ar assures ay legpl liability or respansibility for the acoracy, corpleteness,
or usefulness of any information, apparatus, product, or process disclosed, or
represants that its use would not infringe privately owned ridhts.

Disclaimer of Endorsement : Reference herein to any specific comercial
products, process, or service by trade nane, trademark, merufacturer, arother-
wise, does not constitute or inply its endorsement, recomendation, or favor-
ing by the United States Govermment or the Federal Aviatim Administration
Academy.The views and gpinions of authors expressed herein do not state or
reflect those of the United States Govermment or the Federal Aviation Adminis-
tration, and shall not ke used for advertising or product endorsarent purposes.
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PHILOSOPHY STATEMENT

Comelius Lanczos, a methamatician working in the field of applied analysis,
expressed the history of mathematics in three phases:
1 A given pgyysical situation is translated into the realm of runders,
2) By purely formal operations with these mumbers certain mathematical
results are dotained, [ard]
3) These results are translated back into the world of ghysical reality (1988,
p-D.*

Fomel papers, in subjects related to aviatian, roughly follow the sare course.
However, there appears to be a weakness in aviation research, that being the
anission of the third phase.

Tt is not good enouch thet conclusians are drawn, if those conclusians fail to
improve the system doserved. Clearly, the doserved have a say in implementing
the aonclusians of research, hut their failure to inplerent the conclusions drawn
by the researcher may be more indicative of a lack of understanding than a lack
of desire. Researchers tend to peer into camplex systems as through a soda
straw, forming fomel opinians an the finite without understanding the carplete
system. Industry, ever mindful of the coplete systam, mey find research irrel-
evant, because it mekes much to do about nothing.

Tre editordal staff, to include those listed as ansulting editars, is comitted
to the improvarent of all individuals within the aviation commnity. We seek to
enhance existing systems bearing in mind that small improvements must not
upset the delicate balance between too little and too much help. We also seek
to pronote safety, not by lip service, hut by demmstration in how we execute
our studies and how we report cur findings.

We feel that the best way to translate results back to the physical world is to
incorporate the viewpoints of pecple aroud the gldee. Without the influence of
a worldwide community, we dany the significance of diversity, and ignore the
perspectives of gifted scientists fraom different contries. It is aur hope thet each
reader will feel the sane.

B.S.L.

Tanczos, C. (1988). Zpplied Aralysis. Mineola, NY: Dover Publications, Inc.
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EDITOR’S NOTES

Since the 1980s, studies have indicated instances of alarm mistrust in sev-
eral career enviraments, including aviation. Those interested in humen factors
may fird this article to ke of interest. Bliss coducted two experiments irwvesti-
gating the reactions of independent and dependent teams to marginally reliable
alamms to determine whether task interdependence would mediate the impact of
alarm reliability an primary and alarm task performences. In mery conplex task
ewviraments, including aviation, there is an expectation that team menbers
aollectively share in the ultinere “reward” of safely corpleting the flight task.

Basing the need that changes in the near future that might have implications
for both the humen errors that will occur and the chances of discovering and
recovering fram these errors, Bove and Andersen conducted four empirical stud-
ies to validate an error management taxonomy to study humen errors and their
resolution within the area of Alr Txf fic Gntrol ATC). They focused their valida-
tion an the kagis of Reliability, Comprehensiveness, Diagnosticity, and Ussbility.

With the goal thet the aviatiom training camunity will be proactive in identify-
ing deficits in crew menber knowledge and developing revised training regimens
to respond accordingly, Bowers, Jentsch and Salas explored how the content
and conpetencies engendered by traditional CRM programs should be expanded
to address the needs of the new enviromment after September 11, 2001. They
offer several additians that might meke CRM training programs more effective in
respanding to those needs.

Based an earlier work that suggested significant differences between lower
and upper division aviation students, Kanske, Brewster, ard Famjoy initiated a
five-year study to irnvesticate the leaming styles of collegiate aviation students
and track them by year group (freshman, sophomore, junior, senior ard gradu-
ate). The authors hope to determine whether changes of individual leaming styles
ocaur during the college experience or individials with “non-predominant leaming
styles” tad to self-eliminate fram aviation programs. Identification of a predami-
nant aviation student leaming style also can ke used as an aid in course instruc-
tianl design. This article is a report of data collected at the erd of the fivst year
from four hundred twenty (420) students sampled across eight aviation prograns.

The Dillmen, Iee, and Petrin article described Aircraft Discrepancy Analysis
Matrix (ADAM) and Airplare Incident Analysis Matrix (ATAM), database tools to
determine where there are wesknesses in aviation safety cultures so that aporo-
priate remedies of accidents/incidents can be devised.

Aviation educators who are interested in improving their instructianal design
may fird this article to ke quite valueble. In his study, Barmhart examined the
cognitive styles, as defined by KAT theory, of those imvolved in aollegiate aviation
educatian, as well as of those aviatio flight professianls arrently in the field.
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Beirg the first of its kind, Bamtert feels that the infometion derdved from his
study can now serve as the basis for the application of sore of the other impor-
tant agpects ard inplicatians of KAT theory in the future.

A critical issue in aviatiom safety is acarate piloc-aatroller dialague. In this
article, Mitsutoni and O'Brien defire the critical corponents of aviation English
as air traf fic aatral ATC) phraseology, English for Special Purposes (ESP) ard
English for General Purposes (EGP) and introduce The Aviation English Model
to serve as a framework for subsequent discussions on language issues as they
relate to the gldoal aviation context.

In this article, Trippett disausses sore of rules of thnb, that he introduces
to his student pilots, ard evaluates their acauracy . Acknowledging that rules of
thunb are rules established by pilots for easier managarent of aviation cpera-
tians, Trippett states that his article is intended to show how reliable these rules
are and how comfortable pilots should be in using them. The mathematical
equations may be somewhat overwhelming for some; however, the resilts of the

Those who have an interest in intermational aviation rules and laws ey enjoy
this article. Ripley presants the genesis of intematriawl aviatio law ard dis-
cusses the provisions of the 1999 Montreal Canvention, which amended earlier
intermatianl air carrier agreavents.

One of the issues that surfaced from the leaders in a 1998 study conducted
in Gklahome, which involved interviews with successful aviation leadership for
advice pertaining to education of future aviation leaders, was the inportance of
teaching values to tamorrow’s aviation leaders. Carmicheel, Kitz, and Brown
examined the literature for basic answers to sore fundamental questions per-
taining to values in leadership. Using exanples of values in a variety of enviran-
ments, such as Enron, Gldoal Crossing, Arthr Andersen and other contempo-
rary institutians of misguided orcgpnizatianal leadership, in en attenpt provide
valuable insights into the leadership pressures that create leadership bresk-
downs ard failure, the authors kelieve that their findings have far-reaching inpli-
catians for the education of futire leaders in the field of aviatim.

The former [JAAS editar, Ir .Todd Huldbard, conducted an interview regarding
concepts for the design of new equipment systems courses for Air Tef fic G-
trol persarel. Readers who are interested in course structure and individual
lesson structure for classroom and computer-based instruction (CBI) lessons
will fird valueble informetion in the interview with Dr. Welp. Since this is sare-
thirg new far IJAAS, we welcare your caments regarding articles of this type.

B.S.L.
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Formal Papers

Collective Mistrust of Alarms

Jameg P. Bliss
Psychology Department, MGB 244B
Old Dominion University
Norfolk, VA 23513
(757) 683-4222
Jbliss@odu.edu

Abstract

Researchers have proposed machine trust theories for individual
reactions. Because teamed alarnm reaction scenarios are frequent,
we conducted two experiments investigating the reactions of inde-
pendent and dependent teams to marginally reliable alarms. In
Experiment 1, 52 college student dyads reacted to an alarm sys-
tem that generated 30%, 50%, or 70% true alarms, while perform-
ing a complex primary task. In Experiment 2, 40 dyads reacted to
two collateral alarm systems while performing the primary task.
One system maintained a reliability of 80%, and another fluctuated
among 40%, 60%, and 80% true alarms. In Experiment 1, depen-
dent teams reacted more appropriately to alarms. However, inde-
pendent teams reacted more appropriately when there were two
collateral alarm systems. Participants in both experiments re-
sponded most frequently to alarms of higher reliability, and least
appropriately to those of medium reliability. Adding a collateral
alarm system negated performance differences on the primary
task. Results suggested that machine trust theories should be
extended to account for teamed alarm reactions. Furthermore,
designers and trainers should promote team interdependence
when operators are faced with marginally reliable signals from a
single system.

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-502,
Box 25082, Oklahoma City, OK 73125.
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Qollective Mistrust of Alarms

Recently, the use of autamated alarm systems has increased, because sen-
sor-based emergency signal systems have become more sensitive and because
system designers have an ethical and legal duty to wamm users about system
anamalies that threaten safety (Stanton, 1994) . Operators are now more fre-
quently rotified about minor violations of preset sensor thresholds. Unfortunately,
the greater rmumbers of false alarms from sensitive systems may lower cpera-
tars’ levels of trust (Breznitz, 1983) ard degrade their perfomence levels (Bliss,
1993) .

Since the early 1980s researchers have noted instances of alarm mistrust
within aviation Bliss, 1997), industrial tasks (Kortlandt & Kragt, 1980), mining
MMellett, Vaught, & Bmich, 1992), ship handling (Kerstholt, Passenier, Houttuin,
& Schuf fel, 199), medicine (Bitan, Meyer, Shirar, & Zmora, 2000) and automo-
bile driving (MacKimon, Bryen, & Barr, 1993). In nost of these instances, re-
searchers fourd that participants who encontered merginally reliable alarm
systems showed degraded task performence. They responded less quickly,
frequently, and appropriately to the alavms. Frequently, awoing task perfor-
mence suffered as well. For mary years, aviation researchers have devoted
effort to wderstand why pilots mistrust alarm systems (Sorkin, 1988) . Recent
analyses of aviation accident databases have highlighted alarm systems such
as the Tef fic Qllision Avoidance System (TCAS) and the Ground Proximity
Warning System as prdolematic, because of their high false alarm rates (Bliss,
Freelard & Millard, 1999) .

Researchers have shown interest in cperator trust for years. Muir (1989)
presented a broad theory of machine trust based on social trust theories from
Barber (1983) and Rempel, Holmes, and Zamma (1985) . Barber (1983) claimed
that social trust relies an ae’s belief that a partrer follows rabural ard moral
laws, that the partrer has tedmical conpetence, ard that the partner acts to
benefit others. Reampel et al. (1985) stated that humens show trust because a
partner behaves predictably, has a dgpendable disposition, and follows moral
laws ansistently. Muir (1989) suggested that these theories were conparable
ard that they could be aggregated and applied to the humen-machine relation-
chip.

Bliss (1993) demmstrated how violating agpects of Miir’s theory could influ-
ence alarm reaction perfomence. By presenting a mixture of true and false
alarms, Bliss led participants to believe that an alarm system violated Barter’s
notion of tedmical oapetence, across all levels of Rampel et al.’s theory.
Bliss (1993) foud that if individual participents did not trust an alarm system,
they would not respond frequently or aporopriately. In addition, alarm regpose
rates conformed to praoability matching theory because participants matched
their regpanse rates linearly to the expected rate of true alarmms (Hermstein,
1961) .

International Journal of Applied Aviation Studies



Fhpirical alarm mistrust work has generally sugported Muir’s (1989) theory;
however, no work has been done to apply her theory to situations where teams
must collectively judoe ard react to alams. This oversidght is crucial for neny
eviraments. Marbers of airplane flight crews often work together to accom-
plish tasks during takeoff and landing (Wiener & Nagel, 1988). Furthemore, in
a recatt irvesticption of the Aviation Safety Reporting System, Bliss, Freeland,
and Millard (1999) foud that most alarm mistrust incidents occurred during
takeoff and landing, when cperator workload is the highest. Increased primery
task workload has been shown to exacerbate alavm mistrust, further reducing
alarm respanse rates (Bliss & Dum, 2000) .

For years, researchers have acknowledged the frequency with which military
ocerators must collectively monitor sigmals (Dddoins, 1962).  Early “paired
watchkesping” studies required participents to collectively detect noving sig-
nals within background noise. Such research generally found teamed detection
performence to be superior to individual detection performence (Wieer, 1964;
Morgan & Alluisi, 1965). Subsequently, resesrchers tried to determine the opti-
mal configuration of monitoring teams. Waag and Halcarb (1972) witnessed
better detection performence with larger teams ard task interdependent struc-
ture, where participants worked together to detect signals.

In ancther early study of interdependent signal mmitoring, Morrissette,
Homseth, and Shellar (1975) constructed an experiment where two pecple were
respansible for detecting visual sigwls. In ae aodition, the task was anfig-
ured so that each team member was responsible for a unique portion of the
signal detection task. In ancther condition, the team members each held the

sare regpansibilities, so that signal detection was performed redundantly.

Morrissette et al. foud that dyads in independent aonfigurations (where both
dyad members redundantly viewed the same information) exhibited longer sig-
nal detection times. However, because of the inpact of social facilitatian,
Morrissette et al. suggested that independent team configurations be used anly
when team menbers are in close proximity to each other.

Paired watchkeeping research demonstrated the importance of task struc-
ture for collective sigal detection. However, treatment of the tgpic was aursory
and based around practical concemns. Aside from a general consideration of
social facilitation, researchers tended to neglect the social factors that could
impact collective performence. Furthermore, they amsidered anly signal de-
tection, not evaluation. Sigmal trust was not at issue, because all sigals were
presured true, warranting the same reaction. Yet, the paradigm used by paired
watchkeeping researchers offers a pramising method for studying how task con-
figuration inpacts aollective alarm mistrust.

Studying collective alarm mistrust across dif ferent task anfigwatias is in-
creasingly important. The carplexity of autamated task enviraments has ren-
dered alarm reactions less certain and more variable. As an example, Foushee

Collective Mistrust of Alarms
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(1982) described an incident report filed with the Aviation Safety Reporting Sys-
tem where an alarm activated during flight and members of the crew began to
diagnose the prablem. However, because of poor comumication between the
pilct ard the flidt eginesr, the flight crew disregarded what was indeed a cru-
cial ard relevant warming sigmal.

Aspects of Muir’s (1989) machine trust theory mey allow the prediction of
such tragedies. However, her theory was not initially designed to agoly to mil-
tiple goerator situations, so its relevance nust be demonstrated. Because her
theory is a product of other sociological theordes, it may hold promise for aollec-
tive alarm reactians. The social dyramics of trust underlying Miir’s theory ey
influence dyad members working interdependently .

Campion, Medsker, and Higgs (1993) defined task interdependence as the
degree to which team members interact and depend on each other to complete
a task. Wagamen and Baker (1996) noted that several typologies of task inter-
dependence exist. Thompson (1967) distinguished among pooled, sequential,
and reciprocal interdependence. Pooled interdeperdence requires no coordina-
tion among team members, sequential interdependence requires linear task
aopletion and sequencing, and reciprocal interdependence requires transfer of
resources among team members. Van de Ven, Delbecqg, and Koenig (1976)
later introduced “team interdependence” which requires joint diagnosis, prdolem
solving, arnd collaboration for task corpletion.

As noted above, flight crews soretimes work together to respond to marry
tasks including responding to alamm signals. However, the degree to which
cockpit tasks are interdependent varies. In comercial aviation, resource-inten-
sive activities such as flight plaming, takeoff, and larndirg typically require team
interdependence, where the flight crew must exchange information to perform
tasks. In cruise flight, however, it is camm for menbers of the flight crew to
work independently . Tasks are campleted separately and the results are pooled
toaf fect an ultimate cutoore. Variations in task interdependence are conmon
in other complex task enviromments as well (Shea & Guzzo, 1987) .

A mumber of researchers have manipulated task interdependence experi-
mentally. To do o, experimenters typically cotrol the degree to which team
menbers are required to share information to carplete a task. Ancther strat-
egy has been to control the muber of intercomections necessary among team
menbers for successful task completion.

In their recent meta-analysis of team ef ficacy, potency, and performence,
Qully, Incalcaterra, Joshi, and Beaubien (2002) noted that several theories help
explain the importance of interdependence for team task performence. Socio-
teclmical theory suggested that teams are composed of social and technologi-
cal components and that interactions among humans and between human op-
erators and tedmology both determine team effectiveness (Kolodny & Kiggundu,

International Journal of Applied Aviation Studies



1980). Gully et al. (2002) also pointed aut the inportance of input-process-
output models ard team goal setting theories. Each of these theories stresses
that social interaction processes aotribure to the ultimete suocess or failure of
a team in an interdeperdent situation. Perhaps the most relevant of these
processes is social loafing, where team menbers work less hard when their
e forts are corbined with others toward a common goal (Bermstein, Pemmer,
Clarke-Stewart, & Roy, 2003). As mentioned previocusly, paired watchkeeping
ard mechine trust theorists/researchers have stressed the role of social pro-
cesses (Muir, 1989; Morrdssette et al., 1975). The current research represents
an attempt to expard these early investicgations. Researchers generally agree
that the notion of task interdependence is a logical starting point for examina-
tians of team task perfomence (Kozlowski & Bell, inpress). Similar to Morrissette
et al. (1975), we menipulated task interdependence through division of laor. 26
the same time, we used Muir’ s (1989) theory as a framework to explain collec-
tive reactians to uweliable alamrs.

Although past researchers have acknowledged the importance of collective
sigml mmitoring, detection, ard reaction, it is clear that theories of machine
trust must be expanded to account for the added social dynamics present within
alarm reaction teams. Muiir’s (1989) theory assumed that humen-machine trust,
like humen-humen trust, is predicated on social and moral expectations. When
dyads must detect ard react to sigmals, task complexity rises because indi-
viduals are judging the alarm system and each other at the same tine. It is
inportant to determine how alarm mistrust and task interdependence interact.

Goals and Hypotheses

The goal of the current research was to investigate the reactions of depen-
dent ard independent teams to alarm sigmals of various reliability levels. Using
a dual-tagk paradigm, we required teams of individuals (randomly assigned to
e dependent or independent) to respond or cancel true and false alamms while
performing a conplex ongoing task. Our goal was to determine whether task
interdependence would mediate the impact of alarm reliability on primary and
alarm task performences. In the first experiment, dyads performed a primary
task while reacting to signals from a low-, medium-, ard high-reliability alarm
system. The second experiment was similar to the first, except that dyads
were presented signals from two collateral alarm systems with independent

We made several predictions for the first experiment. We expected depen-
dent teams to respond to and cancel alarms more appropriately than indepen-
dent teams. Earley and Northcraft (1987) showed that independent team mem-
bers regping collective rewards might demonstrate social loafing. This and the
advantages of cchesion from task interdependence (Shea & Guzzo, 1989;
Johnson & Johnson, 1989) suggested a performance advantage for dependent
teams.

Collective Mistrust of Alarms
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However, theories of task interdependence stress that team interdependence
requires increased camumnication and information sharing (Campian et al., 1993) .
For that reason, we also expected dependent teams to react more slowly. We
also expected comunication demands to degrade ongoing task performances

for the dependent teams.

Based an the role of tedmical competence within Muir’s (1989) machine
trust theary, and an prior research by Bliss (1993), we expected all teans to
react faster and more appropriately and to respond more frequently as alarm
reliability increased. However, we also expected all teams to react more slowly
ard less aporopriately to alamms of 50% reliability. Cosidering Miir ‘s theory,
operator trust should be lowest when alarms are 50% reliable, because the
alarm system is not predictable. FRurthemore, prior research by Bliss (1993)
suggested that such mistrust will translate into degraded performence.

In the current research, our ansideration of teamed alarm reaction respansi-
bilities is clearly relevant to theories of task interdependence, ard less so for
goal or outcore interdependence (Saavedra, Earley, & Van Dyne, 1993). In
mery conplex task enviraments, including aviation, there is an expectation
that tesm menbers collectively share in the ultimete “reward” of safely corplet-
ing the flight task. Tt also has been shown that shared goals facilitate coopera-
tive strategies ard group performence (Mitchell & Silver, 1990). For these rea-
sns, in the current research all teams shared interdependent cutcomes.

Experiment One Method

The experiment was structured according to a 2 x 3 mixed design. Team
interdependence was manipulated between two groups. Independent team
menbers required no interaction to react appropriately to the alarms. Depen-
dent team members, however, had to share infametim to react agorgoriately to
the alarm signals. Alarm system reliability was menipulated within groups. The
three levels, 30%, 50%, and 70%, indicated the percentage of true alarms within
a particular session. The sequence of reliability levels experienced by each
team was random.

Participants

One hundred four students [66 women and 38 men] from psychology courses
& Tre Uhiversity of Alakama in Hrtsville participated in this study . The ages of
the participants ranged fram 19 to 40. The participents formed 52 dyads. There
were 13 same-sex, dependent teams (5 male and 8 female), 15 same-sex,
independent teams (2 male and 13 female), 13 different-sex, dependent teams
and 11dif ferent-sex independent teams. Participation was voluntary. As a col-
lective outcome, a $20 performance bonus was promised to the team with the
best collective performence an the primary and alarm tasks.
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Materials

In addition to the Informed Consent Form, participants campleted demo-
graphics and cpinion questiamaires. The Milti-Attribute Task (MAT) lkettery
(Comstock & Armegard, 1992) was used as the ongoing experimental task. The
M AT battery is a microcomputer-based task that measures cognitive and spa-
tial abilities ard effectively similates aircraft piloting darerds.  The task fea-
tures dual-axis compensatory tracking, gauge monitoring, and resource man-
agenent tasks. Because of its amtimicus nature, the tracking task is particu-
larly suitable for measuring gperator attattion shifts in miltiple-task situatians.
Tt required participants to center a cotimously noving ball an the center
crosshairs (see Figure 1) . The progrem pericdically assesses the distance of
the kall fram the crosghairs.

During the resource allocation task, participants menipulated eight punps to
amtrol fluid transfer among six holding tanks. The goal was to ensure that the
fluid lewels in tarks A and B stayed between the dark boxes on the sides of the
tanks (see Figure 1). The runber of times participants activated pumps was
measured to determine performance.

While tracking and allocating resources, participants monitored the TEMPL
and TEMP2 gauges at the upper left comer of the screen. The pointers contimi-
ausly fluctuated. If a pointer traveled further than ae nmexk from the center in
either direction, perticipants were to press the correspading function key an
the keyboard to reset it (F1 for TEMP1, and F3 for TEMP2). The frequency of
gauge resetting was measured.
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Figure 1. The MAT Battery
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Participants performed the MAT back-to-back on IBM compatible 486 com-
puters, using 14" color VGA monitors. They used the mice and keyboards to
make responses. At the same time, auditory and visual alarms were presented
90 degrees to the side on a Macintosh Quadra 610 personal computer, usirga
14" VGA mmitor . The auditory stimilus was the fire bell digitized from a Boeing
757/767 similator, followed by a male voice ammouncing “temperature, tenpera-
tre” The visual stimulus was a yellow panel with the word “TEMPERATURE”
o it. When an alarm occurred, participants were to determine whether the MAT
TEMP1 and TEMP2 gauges were out of tolerance. If both were, the alarm was
true. Participants were then to reset the MAT gauge and press the F12 key
(marked “R” for “RESPOND”) on the Macintosh keyboard, in that order. Ifroe
or anly cne of the TEMP1 and TEMP2 gauges were out of tolerance, the alarm
was false. Participants then pressed the F9 key (marked “C” for “CANCEL”) on
the Macintosh keyboard and resumed the MAT tasks.

Members of dependent teams were required to comumicate to determine
alamvalidity, because TEMP gauge fluctuatiaons were distributed between the
two camputers, and did not always occur at exactly the same time (though they
always occurred within 5 seconds of each other). Independent team members
monitored both gauges, because all gauge fluctuations appeared on both com-
piters. Alarm stimili were presented at 60 dB(2) (ambient sound was 45 dB(B) ) .
Both types of teams could choose which menber actually made the alarm
reactiom.

Alarm reaction measures included speed to react (in secands), appropriate-
ness of reactions (whether or not participants responded to true alarms and
canceled false alamms), ard response frequency (the percentage of alarms par-
ticipants responded to within each experimental sessin) .

Procedure

After arriving irdividelly at the laboratary, participents were paired and ran-
domly assigned to the independent or dependent experimental condition. They
signed the Informed Consent Form and completed the Background Information
Questiamaire. Next, the experimenters carefully presented unique instructions
for the experiment to dependent and independent teams. Independent teams
were told that they had all of the necessary information an their MAT screens to
meke reactions to the alarms and did not necessarily have to cammnicate with
the other team member . Dependent teams were told that they did not have all of
the necessary information on their MAT screens, and so had to caomumnicate to
determine alarm validity.

Next, participants received two 120-secand training sessions with the MAT
battery . They also were shown the alarms, and were told how to respond to or
cancel them. Then participants completed a 200-second practice session with
both tagks.
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After the practice sessians, the participents becen the first of tlwee ten-
minute experimental sessions, with mendatory 5-mimute breaks between ses-
sias. Ten alamms were presented during each session on a variable interval
schedule (average interstimilus interval was 65 secads) . The true alarm rate
of alarms during a session was 30%, 50%, or 70%, randomly determined. Dur-
ing the experiment, each team encorntered all reliability rates. The reliability of
the alamms was told to the participents before they began each session.

The appropriateness of reactions was reflected by a score, which was pre-
sented to the participants at all times on the Macintosh screen. Respanding to
true alarms and canceling false alarms were correct reactions and increased
the team score. Responding to false alarms or canceling true alamms were
incorrect reactions and decreased the team score. After copleting the three
experimental sessions, participants carpleted the Opinion Questiaraire. They
were then debriefed and dismissed.

Experiment One Results

After examining the raw data to confirm that they were distributed nommally,
we calculated a series of 2 X 3 mixed analyses of variance (ANOVAS) to deter-
mine support for our hypotheses.

There was no interaction between team dependence and alarm reliability
level for alarm response frequency and no main effect of dependence (p > .05,
see Figure 2) . However, alamm religbility increased lirearly with alarm reliability,
F(1,50) =174.06, p<.001.

Although there was no significant interaction between dependence and reli-
ability for alamm reaction apporopriateness (see Figure 3), a main effect showed
that dependent teams made more appropriate reactions to alarms than inde-
pendent teams, F (1, 50) = 4.906, p = .031. We also noted a quadratic main
ef fact fir relidhility, with teams meking less appropriate reactians to alarms that
were 50% relisble, F (1,50) = 10.359, p = .002.

Figure 4 shows that although there was no significant interaction or depen-
dence main effect for alarm reactio time, there was a quadratic main effect for
1elidhility, with participents reacting to 50% reliable alamms more slowly then the
cthers, F (1,50) =4.505, p = .039.
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W e also analyzed task performance for the ongoing MAT tasks. There was
1o interaction of reliability and dependence for frequency of momitor resetting;
however, amain ef fect for dependence showed that independent team members
reset their monitors more frequently than dependent team members did, F (1,50)
=23.185, p<00l. Also, teams reset their monitors more frequently when there
were more true alamms. CQoitrasts indicated that the data followed linear (F (1,50)
= 138.082, p<.001) ard quadratic (F (1,50) = 7.723, p = .008) trerds (see Figure
5.

In examination of punp activation frequency revealed no interaction or reli-
aoility main ef fect; however, dependent team members activated pumps more
often than independent team members, F (1,50) =3.959, p = .05 (see Figure 6) .
W e fourd ro significant interaction or main ef fects for MAT task tradkdng accu-
racy, p>.05.
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Experiment One Discussion

In general, our results confirmed ocur hypotheses. The fact that dependent
teams reacted more appropriately to alarms suggested that they realized the
benefits of task interdependence. This extended the findings of Morrissette et
al. (1975), showing that the advantages of interdependence exist when dyads
are required to meke complex reactions to stimili (not just detect theam) . Shar-
ing information before reacting to alamms was inportant for teams, and ensured
that reactions of dependent team mambers were more appropriate than those of
independent team marbers. The lack of an effect for reaction speed suggested
that dependent teams formed strategies for task response quickly. Also, we
noted that even independent team members comunicated with each other,

though it was not required.

Social loafing research may help to explain why dependent teams reacted
more appropriately than independent teams. As noted by Williams and Karau
(1991), social loafing tends not to occur in situations where ane team merber
kelieves they can contribute infometion or resources not available to the other
team member. In task depedent divisians of labor, such as was present here,
this is clearly the case. Wt is not clear fram this study, however, is whether
the differences between task dependent and task independent divisians of labor
will remain when the alarm reaction task is more carplex.

In interesting finding aoncermed the dip in alarm reaction performence at the
middle level. Prdoability matching theory (Hermstein, 1961) suggested that
teams should exhibit mediocre performence at the 50% level. However, al-
though the respanse frequency data reflected this expectation, participants in
both team conditions exhibited the worst reaction appropriateness to alarms
that were 50% relidble. Prior researchers (e.g., Bliss, Jeans, & Priocux, 1996)
have faud similar results while testing individuals. Muir’s (1989) theory of ma-
chine trust may provide an explanation for this phenorenon. Muir showed that
Qoeratar trust is a factar of predictability, dgpendability, ad faith. An alarm
system that is 50% reliadble is not predictable, because there is an equal chance
of true ard false alarms being generated. In contrast, alarm systems that are
30% or 70% reliable are equally predictable, though not equally reliable. The
inplicatians of this may be dire for certain medical or process industry alarm
systems that approximate a 50% true alarm rate (see Tsien & Fackler, 1997).

As mentioned previously, teams generally matched their response rates to
the true alarm rates in a linear fashion. However, the match was not exact, as
teams respaded less frequently than the reliability levels might have suggested.
Tt is possible that the workload inherent in the primery task mey have lessened
overall respanse rates (Bliss & Dum, 2000) . To test this peesibility, it is inpore-
tant to determine if regponse rates would decrease further given additicnal alarm
system complexity.
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Performances on the primary tasks suggested that dependent team mem-
bers may have benefited from the distributed workload. While their tracking
performances were similar to the independent teams, they seemed able to dis-
trilute mnitor resetting respansibilities equitably while retaining more cognitive
resources to activate the pumps.

Experiment Two

In the first experiment, teams interacted with ane alarm system while per-
forming a complex primary task. However, often teams of gperators must inter-
act with miltiple alamm systems. In trensport aviation, for exanple, flight crews
mey anfrant collateral alarm sigmls indicating altitude deviation, excessive
Speed, impending traffic, praxdmity to the groud, and the discomection of the
autgpilot, to name a few. Furthermore, these alarms comonly reflect varying
relisbility lewels. For earple, the Tef fic @llision Avoidance System has been
criticized for its high false alarm rate (Shepiro, 1994), as has the Groard Prox-
imity Warmning System (Billings, 1997). However, data suggested thet the alti-
tude deviation, overspeed, and autopilot discamect alavm systens are typically
nmore religble (Bliss et al., 1999).

The presence of miltiple alarm systans, each with its own religbility level,
also is camm outside of aviation. Medical persamel must react to reliable
alarm systans like the arterial catheter blood pressure signaling system (Tsien
et al., 1997) ard less reliable alarm systarns such as the pulse rate aximeter
(Wiklund, Hok, Stahl, & Jordeby-Jdonsson, 1994) .

Because collateral signals ocour often in aviation, Doll ard Folds (1986)
recamended that researchers study multiple concurrent signals. McDonald,
Gilsn, Mouloua, and Deaton demonstrated the influence of collateral alarm
signals an gperator reactivity . They foud that features of collateral alarm sig-
mals might ke associated (properly or improperly) by geerators in predictable
ways, based on Gestalt principles of praximity, similarity, or contiruity (McDawald
ecal., 19%).

The available research aoceming collateral alarm reactivity has not included
the ef fect of such alarms on teams. However, as mentianed above, reactivity to
alarm signals frequently is a shared respansibility . As demostrated in the first
experiment, dependent team members may react more appropriately to alarm
signals fram an individual alarm system. What is not known is whether these
tendencies will persist given signals fron miltiple alarm systems. This ques-
tim is of thearetical interest as well as practical inportance. Morrissette et al.
(1975) suggested that additiamal task complexity could enhance social facilita-
tion. However, they presented ro data to sugeort this claim. Similarly, Zajoxc
(1965) has suggested that social facilitation may be mediated by arcusal, so
that increased task coplexity may indeed increase social facilitation. An im-
portant question is whether the effect would lead to differential performences for
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independent and interdependent teams.

Arother reason for increasing the carplexity of the experimental task is to
address concermns voiced by Wageman (1999) . She suggested that individual
differences may moderate the effects of task dependence in situations where
the task is ot dellaging. To accouat for the possibility thet individel dif fa=
ences may have influenced the results from Experiment One, it is important to
increase the conplexity of the tasks performed.

In this experiment, dyads responded to two separate alarm systems, ane of
which (temperature alarms) had an 80% true alarm rate. The reliability of the
second (pressure alarm) system fluctuated among 40%, 60% and 80% true
alarms.

As in the first experiment, we expected dependent teams to react more
appropriately to alams than independent teams (Shea et al., 1989; Jdmson et
al., 1989). We also expected that added alarm corplexity would augment the
reaction time difference between dependent and independent teams, rendering
it statistically significat. Mir’s (1989) theory emphasized the importance of
tecdhnical competence of a machine for trust. Because we presented two unre-
liable alarm systems, and because of the added primary and secondary task
workload associated with collateral alarm systeams, we expected cperator trust

and performance to drop carpared to the first experiment.

Based an Miir’s (1989) theory of trust, and prior research by Bliss (1993),
we also expected all teams to perfam worst for alamms of intermediate reliability
ar warst predictability (in this case, 60%) .

Experiment Two Method

The second experiment was structured as a 2 X 3 mixed design. Team
member dependence was manipulated in the same mammer as in the first ex-
periment. In this experiment there were two active alarm systems: pressure
and temperature. The pressure alarm system reliability (40%, 60%, or 80%
within a session) was menipulated within groups. Teams experienced all reli-
ability levels across three sequential task sessians. The reliability of the tem-
perature alarm system remained constant at 80% during all sessians. Partici-
pants experienced both pressure and tenperature alarms during each session.
Dependent measures for the ongoing and alarm tasks were the same as in the

first experiment.

Participants

Eighty undergraduate and graduate students (40 dyads) from Old Dominion
Uhiversity participated in this experiment for course credit. The ages of the
participants ranged from 18 to 43. There were 10 same-sex, dependent teams
(1 mele, 9 famle), 11 same-sex, independent teams (2 male, 9 female), 10
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df ferent-sex, dependent teams and 9 dif ferent-sex, independent teams. A $20
performance bonus was promised to the team with the highest carbined score
o the primary and alarm tasks.

Materials

The Milti-Attrilure Task (MAT) battery (Comstock et al., 1992) acgin was
used as the primery task. All MAT tasks qoerated identically to the first experdi-
ment, with ane exception: during gauge moitoring, participents monitored all
four gauges at the ugper left comer of the screen. Two of the gauges reflected
tarperature alarm informetion, ard the other two reflected pressure alarm infor-
mation. Reset buttons were F1 for TEMP1, F2 for PRES1, F3 for TEMP2, and
F4 for PRES2 (see Figure 1).

Responding to and canceling alamms was done in the same mammer as in
Experiment One. True temperature alarms occurred when the MAT gauges
TEMP1 and TEMP2 were out of tolerance, and true pressure alarms occurred
when the PRES1 and PRES2 gauges were out of tolerance. To ensure auditory
uniqueness of the temperature and pressure alarms, we employed a procedure
followed by Bliss and Kilpatrick (2000): the tenperature alarm consisted of a
steady-state burst followed by four discrete pulses ard a mele voice arruncia-
tion (“temperature, temperature”). For pressure alamms, the sequence wes re-
versed, so that the four pulses preceded the steady-state burst and the nale
voice amunciation (“pressure, pressure”) . Alarm ammunciation lasted two sec-
ads.

As before, dependent team members had to conmunicate to determine alarm
\alidity, because TEMP and PRES gauge fluctuations were distributed between
the two MAT computers. Independent team members saw all gauge fluctua-
tas. Alarm stimili were again presented at 60 dB(A) (ambient sound level was
45 B®@)) .

Procedure

The procedure used in Experiment Two was similar to Experiment One.
Participants campleted an Informed Consent Form, Background Questicmaire,
three practice sessions on the MAT, ard an alarm familiarization sessio.

After the practice sessians, perticipants begen the fivst of three experinental
sessions, separated by 5-miruite bresks. Ten alarms were presented during
each session (five tenperature, ard five pressure). The reliability of pressure
alarms during each session was 40%, 60%, or 80% (randomly determined) .
The reliability of the temperature alarms was 80% during each session. The
reliability of both alamm systars was told to the participants before they began
each session. The aporopriateness of reactions was reflected by a team score,
present at all times an the Macintosh screen. After three experimental ses-
sians, participants were debriefed and dismissed.
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Experiment Two Results

W e calculated separate AN O VAs for tenperature and pressure alarm reac-
tims. First, we calailated ane-way AN O VAS to determine whether there was an
effect of team dependence on teamperature alarm reactions. Results indicated
1o significant differences for reactio time, reaction apporopriateness or respose
frequency (p>.05).

After examining the data for terperature alarm reactions, we then calculated
2 X 3 mixed ANOVAS to examine pressure alarm reactivity. There was no
interaction between team dependence and pressure alarm reliability for alarm
response frequency, and no mein ef fect of dependence (see Figure 7). However,
there was a linear main ef fedt of relishility, F (1,38) =129.600, p<.001.

1 —_
T 08+ 0.690 0.751
77 - 0.782
g 0.6 + pe
% 0.401 4" 0.561
[<5) ES
2 04 =
= 0.411
g 02+ —— Independent
< —— Dependent
0 I I
40 % 60 % 80%
Pressure Alarm Reliability (True Alarm Rate)

Figure 7 .Alarm Response Frequency as a Function of Team Dependence and
Pressure Alarm Reliability.

There was a significant interaction between dependence ard reliability for
alarm reaction appropriateness (see Figure 8), F(2,76) =10.193, p<.001. We
also found that independent teams made more appropriate reactions to alarms
than dependent teams, F (1, 38) =4.000, p=.06. A quadratic mein effet for
reliability was also significant, with perticipants showing less agoropriate reac-
tins to alams that were 60% reliable, F (1,38)=19,563, p<.00l.
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Although there was no significant interaction or dependence main effect for
alarm reaction time, there was a linear main ef fat for relidnility. Participants
reacted more quickly to alarms that were nore reliable, F (1,38) =8.181, p=.007
(see Figure 9) .

W e also analyzed task performence for the ongoing MAT tasks. We found
1o significant interaction or main effects for ary of the primery task measures.
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Figure 9 .Alarm Reaction Time (secands) as a Function of Team Dependence
and Pressure Alarm Reliability.
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Experiment Two Discussion

Tt is clear fraom both experiments that response frequency rose linearly with
reliability and reaction agorapriateness was significantly lower at the intermedi-
ate reliability level. These similarities were aasistent with past research, ad
showed support for Muir’s theory of machine trust (1989) .

There were sonre interesting dif ferences in the Experiment Two data. The
fact that reaction appropriateness and alarm response frequency generally were
higher in the second experiment suggested that the added task corplexity
may have increased social facilitation. However, we also noted that indepen-
dent teams reacted more appropriately than dependent teams when the task
was more conplex. This was contrary to our expectations. Both Morrissette et
al. (1975) and Zajonc (1965) suggested that increased task conplexity could
Increase social facilitarion. Yet, it is possible that the darerds of an additiawl
alarm system coupled with information sharing degraded performance for teams
that were required to share information.

Another difference aoncermned primery task performence. Whereas data fram
the fivst experiment showed that alarm reliability affected prinery task perfor-
mences, the current research did not reveal such differences. One possible
explanation is that the presence of two alarm systens increased the partici-
pants’ alarm task workload and masked primary task differences (Bliss & Dum,
2000) .

Inother interesting doservation was the lack of performence differences for
the tenperature alarm reaction data. Prior research by Bliss (1993) suggested
that reaction strategies may e formed prior to the start of a sessio, particu-
larly for alarm systems that are predictable Muir, 1989). If this is true, tears
may have focused more on the pressure alarm system, continuously adjusting
to the chifting reliability of those alamms.  Adjustment to the fluctuating pressure
alarm reliability may have been easier for the independent teams, as they were
ot required to coordinate before reacting.

Wagemen (1999) proposed that individual differences could moderate the
effects of task dependence when tasks are not challenging. Because Experi-
ment One was conducted at a small university, teams amsisted of individuals
who were often already acquainted. However, Experiment Two occurred at a
larcger wniversity, and most perticipents had not met each other prior to partici-
pating. This relative unfamiliarity may have influenced performance for depen-
dent teams, meking their interaction nmore forced or umatural. On the other
hard, the experimental tasks and rewards were intrinsically challenging, and
participents in both experiments knew their individual and team performences
were subject to monitoring by the experimenter and their teammates. There-
fare, it is likely that the amout of social loafing was similar in both experimeants
(Williams et al., 1991).
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General Discussion

This research addressed the paucity of erpirical work concermning collabora-
tive alarm reactians. Althouch laboratory research may not fully capture the
coplexity or represent the aonsequences of an actual alarm situation, the
experimental control achievable within a true experimental framework allowed
the precise menipalarion of alarm system relisbility ad lent rigor to the statisti-
cal comparisons.

Tt is clear from Experiment One that dividing signal monitoring detection and
evaluation responsibilities between teammates may at times help teams make
more appropriate reaction decisions. Since ocutcome dependence existed for
all teams in Experiment One, such findings supported the idea that independent
ef farts may suf fer when cutoores are deperndent (Earley et al., 1987). However,
the results from Experiment Two revealed an interesting fact: independent ef-
forts actually may be superior when task complexity increases. Added task
respansibilities may meke team coordination nore difficult, ard the results of
that coordination less certain.

As Bliss and Dum demonstrated in 2000, increased workload may interact
with alarm mistrust. Whether the worklocad occurs because of more frequent
alarm stimili (as in Bliss & Dum, 2000), or because of miltiple active alarm
systems (as shown in this research), the result appears similar: performence is
degraded an the primary task. This is of aonsiderable importance, because in
many conplex enviroments the presence of alarm signals often accompanies
increases in worklced. In fact, in sare enviraments it has been noted that the
necessity to react to alams (tre or false) can itself amstiture a aasiderable
drain an geerators, and may ultimately increase primery task workloed (Kortlandt
& Kragt, 1980; Sorkin, 1988) .

A recurring theme across alarm mistrust research was that performence
showed definite degradation as alarm reliability aporcaches 50%. This finding
highlighted the importance of predictability within Muir’s (1989) machine trust
theory. Low- and high-reliability alarmm systems may not be equally useful, but
they are both predictable. For that reason, decisians about performence are
made more appropriately.

Tt is true that a 50% ar 60% alarm reliability level may not represent the
reliability of alarm systems in sare task ewiraments (such as aviation or
muclear power) . However, alamm systems in other enviroments do generate
false sigmals at such rates. For exanple, Tsien et al. (1997) reported that tre
positive rates for alarm systems in an intensive care unit ranged fram 0% to
54%. Also, Kortlandt and Kragt (1980) described industrial process alarm sys-
tems that achieved true positive rates of anly 13%! Clearly, a axmsideration of
low ard intermediate reliability rates is important.
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In past research, participants have shown a tendency to respond to alarm
systars at a rate that matches the advertised reliability rate. Bliss (1993)
attributed this to the phenorenon of “prdoability matching” discussed by
Hermmstein in 1961, where animals and humens showed a tendency to match
ocerant respanses to the rate of reinforoarent available from a certain source.
Since 1993, Bliss and his colleagues have demmnstrated prooability matching
in a ruber of alarm mistrust experiments (Bliss, 1997; Bliss et al., 1996; Bliss
& Durmn, 2000) .

The current research showed that teams also tend to respond to alamms at a
level agoraxinering their stated relisbility. However, there was a notable dif fa=
ence between the first and second experiments. In Experiment One, partici-
peErnts’ respanse rates were aasiderably lower thaen the stated reliability rates of
30%, 50%, and 70%. This may have occurred because of the workload associ-
ated with the primary-secondary task corbination. However, in the secod
experiment, where the primary task workload was higher (because of the need
to monitor more gauges) participants more closely matched their response rates
to the reliability rates of 40%, 60%, ard 80%. This was a paradox, because
Bliss and Dum (2000) found that increased primary task workload reduced
alarm respmsiveness. Perhegps the relatively hich reliability rate of the tan-
perature alarms (80%) increased participents’ responsiveness to the pressure
alams. If the presance of high-reliability alarms does provide such an influence,
this may constitute a method for increasing respanse rates to alams in gen-
eral. Future research should address this idea in more detail.

Fraom prior resesrch, intermediate alarm reliability levels are prdbleratic.
One fairly dovious recomendation is to improve the algoritlms that determine
alarm signal activation. However, this is not always an easy task because of
the mmercus factors that influence alarm activation and the general complexity
of alam systems. Another solution may be to design training programs to
enhance cperator responsiveness, as recomended by Bliss and Gilson (1998) .
Bliss et al. (1998) suggested the creation and adoption of an adaptive training
program to help naive and experienced cperators react appropriately to mergin-
ally reliable alarm systems. Such a program, conbined with alarm system
inprovenents, may indeed hold promise for alarm menufacturers and users.
However, research is needed to determine the optimal design and implementa-
tim far such trainirg.

Conclusions

The stated goal of the research presented here was to determine whether
task interdependence would mediate the impact of alamm reliability on primary
and alarm task performances. The answer to this question appears dependent
o the criteria of interest. If alarm reaction appraoriateness is nost important,
the influence of interdependence may be moderated by task complexity: in
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situations with ocollateral alarm systems, independent team meamber efforts
seaned to yield more appropriate alavm reactions. Added task complexity also
appeared to enhance social facilitation among team members, improving re-
spanse frequency and reaction aporopriateness in general. Reaction speed did
ot appear to ke sensitive to differences in team interdependence or task com-
pledty . An inportant and stable finding was degraded performance at medium
reliability levels, regardless of team task structure or task corplexity.

The research presented mede an inportant aontribution to the state of knowl-
edge regarding teaned alarm reactivity. However, many questions remain oon-
ceming the fimction of teams in such cirvaustances. It is inportant that re-
searchers study the inpact of variables such as leadership style, team cche-
siveness, and comunication content to better understand why collective reac-
tion appropriateness changes with added task complexity. It is also inportat
to test strategies for comteracting aollective alarm mistrust.
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Abstract

While a fairly large number of taxonomies are available describ-
ing mechanisms behind human error in technological work con-
texts, a surprisingly small number of studies have been made
about the mechanisms underlying human error detection and re-
covery. The objective of this paper is to describe and validate an
error management taxonomy to be used in the analysis of error
events in the area of Air Traffic Control (ATC). The validation is
focused on four aspects: Reliability, comprehensiveness,
diagrosticity, and weshility. Results obtained from four empirical
studies — including incident reports, a simulator experiment and a
questionnaire study — provided support for the notion that the frame-
work could be of use in future error management studies

Introduction

Studies have shown that humen errors have contributed to about 90% or
more of ATC incidents (Kimmey, Spalm, & Amato, 1977). To minimize the risk of
events that may aarpranise the safety of the air traffic it is therefore important
to develop error resistance strategies. The latter can be divided into two main
categories, namely error prevention ard error correction (Frese, 1991) . Tradi-

Requests for reprints should be sent to Beverly Iaughead, FAA Academy,AMA-502, P.O.
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tamlly, humen error resistance strategies have nmostly focused on error preven-
tion. This foous is uderstandable since meany studies of incidents and acci-
dents in safety critical daweins indicate that the underlying pradblem is often to
ke ford in a corbination of shortcomings of human performance in man-ma-
chine systems ard the fact that most of such systeans are unforgiving to errors
(Rasmussen, 1984). An dovious solution to avoid such is to try to prevent
huen errors (e.g. through failsafe protection devices, autaration and error
reducing procedures) .

There are, however, several reasas why safety strategies narrowly based an
ervor prevention mey not be suocessful . First, humen ervors will inevitably coour
ard it is inpossible to anticipate all types of errors that may ocarr in a specific
task omtext. Seocad, by focusing exclusively an avoiding varicus kinds of
errors there is a risk of inposing excessive limitations an the perfomence ard,
therefore, cormpromising both ef fective and adaptive behavior. TIdesd, it les
een argued that the efficiency of error avoidance strategies has been exhausted
in ultra-safe areas such as aviation ard air traffic cotrol, ad thet the erd result
of increased error sugpression mey in fact be counterproductive seen from a
safety perspective (Amalberti, 2001) . Since humen errors are inherent to real
life and paople have powerful capsbilities to cattrol errors, it is inportart, to a
larger extent, to try to menage the menageable and to support pecple’s chances
of detecting arnd recovering from ervors. Cosequently, error menagement should
e considered an important supplementary safety goal.

As indicated by the previcus paragraphs, inprovement in system safety in
the area of ATC requires gaining systematic and detailed knowledge about the
underlying mechanisms of not anly error production but also error recovery . An
important step in that dirvectio is to explore whether exdsting error taxanomies,
expanded with a classification scheme of how errors are managed, can be ap-
plied to studies of humen errors in ATC. Such a taxonomy can be a useful
humen-factors tool in diagnosing underlying mechanisms behind air traffic ocon-
twller ATW) errors ard their resolutian.  The results can be useful in relation to
anaelyzirg the ef fects of varicus ATC safety initiatives, ke they danges in sys-
tem desion, operating procedures, or training of persamel.

The goal of this paper is therefore to validate a taxonany to study humen
errars ad their resolution within the area of ATC. More specifically the foous is
to validate the taxanarny an the hasis of four product criteria that have been
suggested by Wiegrerm and Shapgpell (2002) to ke crucial for the utility of a
taxonomy: Reliability: Can consistent results be reached across raters arnd
tine? Comprehensiveness : Does the taxanany cover all of the relevant vari-
dbles that it purports to cover?  Diagnosticity : Does the taxonomy provide in-
sigt? Usability : Can the taxonany be applied in practical settings?

Four enpirical studies have been conducted for the validation. First, a pilct
study was carried cut an the hasis of Swedish ATC incident reports to get an
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initial indication of whether the core of the framework could successfully be
aoplied to the amalysis of real, carplex ATC scerarios. The second study
examined simulator scenarios from an ATC training corriculum. Here it was
possible to analyze error events that in merty ways are corparable to those
that ocour an a normel everyday basis in ATC. The third study wes a question-
naire study where different huven factors experts provided their cpinion about
the framework. This feedoack provided the means for determining the usability
of the framework. The final study focused an analyzing a series of cases gener-
ated an the basis of the critical incident tedmique. Here it was possible to test
at a full-scale version of the framework.

The Framework

A literature review has been carried aut to determine which categories shoald
e included in the error menagarent taxonany (for details aonceming the 1it-
erature review please refer to Bove, 2002). The focus of the review was an
taxonomies associated with humen error as well as on human performance
issues oocurring both before and after errors. With respect to the phase before
the occurrence of an error the focus was on threat menagement which concems
how qperatianl factors that have the potential of leading to errors and jegperdiz-
ing safety are catrolled. In relatio to the ghase after the coarreance of an ervor
the literature review revealed that main issues of interest could be orcgpnized
araurd the following questians: WHO was irvolved in the detection ard recovery
of the error and/or its cmsequences; When was the error or its consequences
detected; how was the error and/or its consequences detected and corrected;
ad firelly what was the behavioral response and cutcome? Inaddition, it dodd
be possible to also give an answer to the Why-question - nanely why did the
error occur ard why was it successfully or unsuccessfully menaged? This can
e determined on the basis of so-called Performance Shaping Factors (PSFs) -
that is, aotextual factors that can have a positive or necative influence an the
course of events. In the following pages the conceptual framework based an an
error management model is presented.

A Model of Error Management

To be able to develop a classification system of the error nmenagement pro-
cess it is useful to the have a model that can be used as an organizing principle.
In arxr view, sare of the most promising error menagement frameworks are to be
fourd in Helmreich, Klinect, and Wilhelm (1999) and Kanse and Van der Schaaf
(2001a) . Each of these two models has advantages and disadvantages in rela-
tim to the arrent catext. The model by Kanse and Van der Schaaf (2001a) is
good at describing the underlying process of error menagenent but it does not
seem to ke gpplicable to errors that do not lead to umented situations. Conse-
quently, the large mejority of errors that are caught before arty consequences
have occurred cammot be analyzed by this model. The Helmreich et al. model
has the advantage that it describes in a rough but intuitively appealing mermer
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the main stages of the error menagement process. However, the classifictias
included in the model are anly of behaviors and cutcores and not of the under-
lying coonitive processes. Thet is, the classificatians allow a description of
what happened but not how it came about. Below we present a model that tries
to incorporate the advantages of the former two models. Its main structure is
closely related to the model presented by Helmreich et al., but more emphasis
is made on the underlying processes of error management.

Threat Management | e
v
. Error
— | Cognitive type error |*
v
Detection Correction Detection
[Pl g gﬁ‘rection
OR: Execution stage
OR: Outlcome stage
A 4
., | Trap OR Exacerbate aRI::sponse
y OR Fail to+Respond Outcome
Inconsequential/| | Undesired | | Additional
Recovery state error 5
v ! i E
L | Asafe
flight

Performance Shaping Factors (pos. or neg.)

Figure 1. A model of error management.

The model starts out with a threat menagement section, which concems the
ATCO’ s awareness of agpects of the operaticnal envirament that might lead to
errors ard geeratiarl prdblens (e.g. a thunderstormm) . If the threat is discov-
ered the AT nay try to avoid it, but if the threat is not discovered an error
migt result. The error, in tum, can be amalyzed an the basis of the cognitive
mechaniams behird it. The error might not be detected, but if it is, the detection
arnd/or the recovery may happen at dif ferent stages in the evolution of the error.
Different kinds of responses might be produced and the result may vary from
being inoonsequential to an undesirved state or to a new error. In the case where
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the autoare is an additioal error, a new ervor aralysis can begin. Even if the
auataare is inconsequential or involves an undesired state, new errors might still
occur in the event sequence.

The unit of amalysis within the framework is the individual acts by and cogni-
tive progess of the individiel ATQO in the error production and management.
i1, dif ferent actors may be associated with dif ferent stages in the nodel. Rur-
thermore, a set of contextual factors - so called Performance Shaping Factors
- amstitutes an integrated part of the framework. These factors can be used to
expard the analysis beyod the individual level to include team and orgeniza-
tioal factors that are relevant to gain a conprehensive understanding of wity
the event occurred and how it was prevented fram developing into an even more

The Main Dimensions of the Framework
Based on the model presented above, an error management taxcnomy has

been develogped. The dimensions and classifications associated with the indi-
vidual actians are shown below and will be elaborated in the following.

THREAT & ERROR

Threat Threat No anticipation Anticipation
& preparedness
error Cognitive Perception | Short-term | Long-term | Decision | Response

error type memory memory

Procedural Yes No

violation

DETECTION & RECOVERY

Who: Error/state No | Producer Co-actor in | Co-actor out- | System
Actor detected by | one context side context

Error/state No | Producer Co-actorin | Co-actor out- | System

corrected by | one context side context
When: Detection Planning Execution Outcome
Processes | stage
How: Detection External System feedback | Internal feedback
Processes | source communication

Error/state Ignore | Apply rule | Choose Create solution

correction option

RESPONSE & OUTCOME

What: Error/state Trap/ Exacerbate Fail to respond
Behavior | response mitigate
& Error Inconsequential/ | Undesired state Additional error
outcome | outcomes recovery

Figure 2.The analysis framework.

Threat management
A threat can be seen as a part of the cperational envivament which might
evolve into a prablem if not handled in due time. Threat management means
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being prepared for the threats ard is important insofar as by knowing in advance
that certain prdblamns might occur it becores easier to respad in a timely ard
g ficient marmer. Below, two types of threat menagement are described.
- No Anticipation: In this case no recognition of any threat (s) was mede
by any of the irvolved ATMs before it developed into a real prdolem.
- Iticipation: A threat (or several threats) in the ervirvament is known
by ae or several ATAOs before it leads to a prdbolem.

Cognitive domain

Below are shomn the cognitive failure types that were chosen for the amalysis
of mechanisms behind individual errors (Isaac, Shorrock, Kirwan, Kemmedy,
Andersen, & Bove, 2000) .

- Perception: This cognitive domain concems issues related to picking
up ard wderstanding information.

- Short-term memory: This domain concermns short-term storage or re-
trieval of infametio.

- Long-term menory: This domein concerms lang-term storage or retrieval
of more permenent information based on the person’s training and ex-
perience.

- Judgment & decision-meking: This domain concerns meking projection
of trajectories, plaming future actians ard to meking decisians.

- Response execution: Sometimes pecple carry out actions that they
have not intended.

Procedural violation

Procedural violations are included as a pert of the error sectio ard they
amstitute within the framework a subgroup of the decision-meking errors. That
is, anly in the case where a decision-meking error has been mede should the
classifier determine whether it was also a procediral violarion. Although proce-
dural violations and errors within some frameworks are considered mutually
exclusive (e.g. Reasm, 1990) we have chosen to classify procedural violatians,
in the arrent aotext, as a subgroup of errors insofar as intentiaal violatians
usually are carried aut as a short-cut to what is seen as umecessary proce-
dures ard regulatians (Helmreich, Wilhelm, Klinect, & Merritt, 2001) .

Error discovery and recovery
The taxanany for structuring the amalysis of the error discovery and recovery
is based an following questians, namely the “who”-, “when”-, “how’- and “what” -
questians. More specifically, these questions concem:
1) who wes irvolved in the detection ard recovery of the error ard/or its
consequences;
2) when weas the error or its consequences detected;
3) how was the error and/or its consequences detected and corrected;
ad firelly
4) what was the behavioral response and outcore?
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The “who™question
The following are the different possible actors irwolved in the detection and
correction of the error or its consequences:

-No ane: No ane discovered the prdolem while it was still possible to
solve.

- Producer: The person who produced the error was also the one to dis-
cover and/or recover the error (or its oonsequences) .

- Qo-actor in aotext: An doserver sharing all or most of the aomtext,
goels ard actians (e.g. two AT(Os at the same position) discovered
and/or recovered the error (or its consequences) .

- Qo-actor autside context: An doserver sharing a significant pert of the
goals, it not the cotext (e.g. a neidghboring ATCO) discovered and/or
recovered the error (or its consequences) .

- System: Ay kind of autarated defense - e.g. Tf fic Gllision Avoid-
ance System (TCAS) or Short-Term Gmflict Alert (STCA) - discovered
ard/or recovered the error (or its aonsequences) .

The “when’-question
Kontogiamis (1999) suggested three different stages of performence during
which error detection may occur .
- The outaare stage: The error is not caught until it has produced some
consequences on the environment.
- The execution stage: An erronecus action has been carried cut on the
system, ut the error is caught before any consequences have ensued.
- The plarming stage: Detection at the plaming stage is usually associ-
ated with informmation-pick-up necessary for later actions or discussians
and deliberations about what to do (e.g. between radar ard plamer
axtrdller) .

The “how™-question

The how-question covers both how the error and/or its consequences were
detected ard how it was corrected. In relation to detectian, it is of interest to
dbtain knowledge about the cues or mechanisms of the detection. Various
researchers (e.g. Rizzo, Ferrante & Bagnara, 1995; Kontogiarmis, 1999) have
suggested a runber of partially overlapping classification systarns. The mecha-
nisms relevant in the current oontext can be subsured uder the following
categories.

- Extermal camunication: Interaction with other pecple can provide in-
formation that serves to detect an ervor . That is, a prdblem is discov-
ered because another person says sorething that is either wrong or
that reveals the presence of a praolem.

- System feedoack: This kind of feedoack relies an cues directly fourd in
the cperational envirament. System feedback includes information
from the radar screen arnd also visual sighting from either the tower or
the codpoit.

- Intermal feedback: This kind of feedback refers to error detection that
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requires no direct feedoack from the ewirament (e.g., the ATCO re-
menbers that (s)he has to check a paraneter) .

Tn addition to identifying the progesses uderlying the detection, it is alsoof
interest to understand the processes underlying the prdolem solving and deci-
sion-meking associated with the recovery. Below are presented sore distinc-
tions, which are inspired by a classification system developed by Orasarmu arnd
Fischer (1997) to distinguish between different kinds of decision events.

- Ignore: Even though an error has been detected - while there still is a
chance to do sarething about it - no response to correct it is chosen.

- Ipply rule: In mery situations there anly seams to be ane thing to do in
arder to resolve the prablem.

- Choose option: In this case several options were considered before
deciding on a specific solution and resources that are more conscious
are required than the “Apply rule” category.

- Create solution: This group of recovery processes is concermed with
situations where a completely new response has to be generated since
o known ogotians are gpplicable to the situation at hand. This is the
most resource demending of the possible recovery processes.

The “what™question

The final question concerns what was the behavioral response and the out-
care of the error. These issues are based on directly dbservable phenomena
and do not require ary inferences about the underlying cognitive processes.
Based on a model of error management developed by Helnreich et al. (1999)
the following classificatians have been derived.

The respanse to the error can be divided into the following three groups:

- Trap/mitigate: Frror is detected and menaged before any aonsequences
have developed or the consequences of the error are diminished.

- Exacerbate: The error is detected but the recovery action worsens the
sitetim.

- Fail to respand: No respanse is produced because the error is either
ot detected, detected too late, or sinply ignored.

The cutoare of the error can ke divided into the following categories.

- Inconsequential /recovery: No negative consequences were doserved,
possibly because recovery attenpts were successful.

- Undesired state: The end result was a potentially critical situation, an
incident, or accident. In the arrent aotext, the most frequent undes-
ired state is violation of the prescribed aircraft separation standerds.

- A[dditiaal error: Saretines errors pave the way for new errors and this
may ke the begimming of a dhain of errors. The general characteristic of
these errors is that they necatively affect workloed, situation aware-
ress ar other task related factors.
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Performance shaping factors

Performance Shaping Factors (PSFs) are generic technical, psychosocial,
ard organizatianal factors that can have a positive or negative influence (possi-
bly both) on the course of events. They can be used to give an answer to the
why-question — namely why did the error occur and why was it successfully or
unsuccessfully managed. The main groups of PSFs are shown below. The
PSFs are based on frameworks that explicitly focus an the darain of the ATC
(or aviation in gereral) and/or an factars influencing the recovery process (e.g.
Isaac et al., 2000; O'Leary, 1999; Kanse & Van der Schaaf, 2001b). The main
groups of PSFs have been selected on the basis of the previcusly described
Traffic, airport ard airspace
Ambient Environment
Procedures and Documentation
Workplace design, Human Machine Interaction (HMI), and equipment
factars
Person Related Factors
Social and Team Factors
Company, Management and Regulatory Factors

B WP

o N o Ul

Validstion

The usefulness of the error recovery framework in relation to error nmenage-
ment analyses will be explored in the following. For this purpose, the framework
has been evaluated an the basis of different kirds of data material. In the cur-
rent aotext, we decided to start aut with incident reports, because this type of
method exanplifies raturalistic data from gperatianl activities over an extended
time frare. At the sare time, acquiring the data does not require a large
amount of resources in the basic data collection process. However, since inci-
et reports will not allow for additianl inquiries coxeming specific issues of
interest, this source will have to be supplemented with a real-time study and
sare interviews based o the critical incident tedmique. In additio to these
studies aimed at applying and developing the framework it was also decided to
do a questiomaire study where the goal was to get sore imput from humen
factors experts conceming the relevance of the individual dimensions and the
overall structure of the framework. Hereby it would be possible to get an indica-
tim of the usability of the framework. The studies used in the validation are
described in detail below.

Study 1 - Swedish Incident Reports (Pilot Study)
The main goal of the pilot study was to get an indication of the relidbility of
the core of the classification systam an the kasis of amalysis of incident reports.

More specifically, the study focused an whether aansistent classificatians could
e dotained by different judges (PSFs were not aralyzed in this study) .
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Participants
Two humen factors experts mede the classification of error events.

Meterials
Faty-five Air Tif fic Management incident reports from the Swedish CAA
@il Aviation Authorities) were used in the study.

Procedure

A total amount of 144 amftroller errors were identified in the reports. The
classification procedure was divided into two phases: (1) a calibratio trial where
all incident reports from 1997 were coded by two judges (independently) and
afterwards any prdolens and disagreanents in the classification principles were
clarified ard resolved; (2) a test trial where the incidat reparts fram 1998 (irvolv-
ing 81 events) were independently coded by the same two judges on the basis
of dlarifications mece at the calilration trial.

Study 2 - Simulator Scenarios

The goal of this study wes to do a smell-scale study of how errors are cap-
tured in everyday qoeratiasl situetians. For this parpose, ervor events in similatar
scenarios containing realistic everyday scenarios were explored.

Participants

The study was carried out an the basis of a similator study of En Route Air
Twf fic xtrol with video recordings irvolving AT students at the end of their
first year of their 3-year trainirg. At this phase, the students had acquired a
kasic level of skills necessary for carrying aut aotroller tasks ard they would
subsequently start on an-the-jdo-training. Recordings from 10 teams (pairs of
students) were used. The classifications were made independently by two hu-
men factors experts.

Materials

The similator recordings were dotained from an experiment that was con-
ducted using a real-time ATC similation facility at the Danish CAA in Kastrup.
Each of the scerarics in the experiment began with the instructor giving a hard-
over to the trainee team and finished about 30 mirutes afterwards. The goerator
activities were recorded an video to provide a aontiruous record of events inclhud-
ing recordings from head-mounted cameras on radar and plarmer controller,a
video overview of the scene and audio recordings of radio coommication. In
addition, strips from the similator scerarios were dotained. A total runder of
about 60 scenarios were initially available. Among these 10 scenarios were
selected for further amalysis. The scenarios were selected an the basis that for
this subset of scenarios, an instructor wes present and this was considered
inportant because the instructor would often cament on things that were not
clearly visible m the video recordings.
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Procedure

The scenarios were segrented into a rumber of errors, each of which was a
relatively self-antained description. For these errors, both the infometion re-
lated to the conmunication between the two trainee controllers and, when rel-
evant, omtextual information was added to the descriptions to give an uder-
standing of what was going an. In order to get a more camplete understanding
of the sozarics - ard in partiadlar the individual error evants - it was decided to
recruit coments from two “ATC-experts” present (i.e. instructors) helping in
reviewing the video tapes and providing insights about central episodes within
each of the scenarios.

The classification part of the study was divided into three sub-phases: (a)
Initial classification. This axsisted in all the error events beirng classified twice
by the first author with ane month’s interval and an this basis, a amsensus
classification was produced; (o) Calibration phase. In this phase, the secaod
classifier was trained in the use of the taxonany. In adder to achieve relisble
ard valid categorizatians the classifier received feedoack about the “correct” or
intended classification as a part of the training (based o the author’ s classifica-
tions) and potential misunderstandings in the use of the taxonomy were cali-
brated. The first four scenarics aotaining 98 error events were used for this
papose; (©) Testphase. n the kasis of the transcripts fram both the similator
episodes aotaining errors ard instructors’ coments aoout the errors the trained
doserver classified the remaining errors and error recoveries doserved in the

Study 3 - Elicitation of Expert Evaluation

The purpose of this study was to get an expert evaluation of the framework.
The focus was an dotaining irput aoncerming the usability of the framework from
huren factors experts who have experience with developing and/or applying
conceptual human factors frameworks. Furthermore, these researchers bring
alang experiences from marny different domaing, which is useful when consider-
ing the more general applicability of the framework.

Participants

A series of participants were selected based an the criterion that each expert
had been involved in research that was highly relevant in relation to this project.
This included other conceptual and enpirical work related to humen error and
error menagement and, in particular, researchers who had been irwolved in de-
velopment of comprehensive conceptual human factors frameworks were con-
sidered highly relevant for the arrent project. Nae of the researchers selected
had been irwvolved in or consulted during the developrent of the taxonomy pre-
sated here. A total of 21 researchers were identified and 11 of these responded
to the questiaraire (respanse rate: 52.3%). A few additional responses were
received in the form of informal coments.
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Procedure

Fach of the participents in the survey received two docurents. The first
contained a short description of the framework and its main components. The
secaond aontained a questiamaire asking the respondents to give their cpinion
about both the components and the overall structure of the framework. The
main focus was an the relevance of the individual items within the framework.
Tre elicitation of expert gpinion was mede in terms of a Likert-like rating scale.
In addition, the subjects were encouraged to give free-text coments to the
individiel itevs.

Study 4 - The Critical Incident Technique

To be able to evaluate the conmprehensive version error menagement tax-
onomy, it was necessary to dbtain some descriptions of authentic episcdes
where the issue of error menagenent was important. For this purpose, a series
of interviews with cotrollers were mede using the critical incident tedmique
(Flanagen, 19%4). Using this tedmique, it is possible to dotain descriptions of
potentially critical episades ard to elicit infommstion about recovery related as-
pects of these situatians that are rarely described in the incident reports.

Participants

Experienced controllers were selected for the interviews because they were
most likely to have encontered ae or several critical situations during their
professiaal career. No specific preferences conceming the operaticnal posi-
tions were mede. Twanty-five ATMOs were interviewed ard all the participaents
were from Scandinavian comntries. Participation was voluntary. Boar the classi-
ficatiom of errar events two huren factors experts made an independent classi-
fication of errar evets.

Procedure

The ATMs were interviewed and their narratives were recorded on tape.
Fram the interviewees 43 episodes were elicited. Each of the episodes was,
after the interview, carefully cawerted into a adherent written description of the
event and anly information dotained from the interviewee was included. In sore
cases, the interviewees were contacted again concerning information that was
either missing or was unclear .

The procedure for classification of the error events was similar to the ae in
study 2 ard amnsisted of three subphases: (a) Initial classification . ALl the ervar
events (96) and PSFs (106) were classified twice by the author with ane month’s
interval ard a cosensus classification was produced; (b) Calibration phase.
The secad classifier was trained in the use of the taxonany. Tn ader to achieve
reliable and valid categorizations the classifier was given feedback concerming
the “correct” ar inteded classification as a part of the training (tased an the fivst
authors’ classificatians) and potential misunderstandings in the use of the tax-
axry were calibrated. The first eight scenarios containing 17 error events and

International Journal of Applied Aviation Studies



24 PSFs were used for this purpose; (c) Test phase - n the besis of the
reneining incidents the trained doserver was asked to classify the errors ard
error recoveries (79) as well as the BSFs (82) .

Hypotheses

Diagnosticity is a crucial aspect of the validation ard concerms whether the
framework is able to produce insight into the area of interest. A way to explore
this is by examining whether the framework is able to produce results that are in
a priori hypotheses about error and error nenagement and the relationship be-
tween dimensions within the framework are given below. The enpirical studies
in this paper will ke used to explore whether the framework can verify these
statements.

- Hypothesis 1: Long-term memory errors will be more frequent among
novices. The argurent for this is basically that lag-term memory
LTV) errors most frequently result from insuf ficient experience with a
certain task. Therefore, experienced cotrollers should be less sus-
agpotible to LM errors compared with novices.

- Hypothesis 2: Response Execution errors are most frequently self-de-
tected. A series of studies have previcusly established this relation-
chip. For exanple, in a study fran an ATC microworld it was shown
that the errors nost frequently recovered were slips ard to a far lesser
extent rule- and knowledge-based mistakes (Wiclard & Avelberti, 1998) .
The explaration for this is that the criteria for successful perfomence
are to a large extent directly available in the head of the error perpetra-
tor in the case of respose execution errors. The chances of discover-
ing regponse execution errors may, an the other hand, be more dif fiait
for extermal doservers because they do not have access to the inten-
tions wderlying the behaviour (Wioland & Doireau, 1995) .

- Hypothesis 3: Decision-making errors are either not detected at all or
detected by others. In an experimental study of emergency scenarios
in a ruclear power plant by Woods (1984) it was determined that none
of the diagnostic errors (i.e. a subgroup of decision-neking errors) were
noticed by the gperators themselves. On the other hand, the diagnos-
tic errors that were detected were discovered by extermal agents with
“fresh eyes.” In a study by Wioland and Doireau (1995) where pilots
ard instructors viewed video recordings of scenarios where actor pilots
comitted errors it was dammstrated that anly a small part of the
inserted errors were discovered by the doservers. However, the suoset
of errors that were discovered had a tendency to be associated with
prablem solving and decision-meking (i.e. rule- and knowledge-based)
rather then slips. In short, both of these studies indicate that decisian-
mekirg errars will ke difficult to discover and do frequently hageen throch
the assistance of others.
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- Hypothesis 4: Long-term memory errors are either not detected at all or

detected by others . LM errors share sare of the characteristics with
decision-meking errors and are therefore also expected frequently ei-
ther not to be detected or to be detected by others. However, LT M
errors are praoably easier to discover (and agree upm) than decision-
meking errors by a trained doserver insofar as a standard for determin-
ing successful performence might be nore readily available.

- Hypothesis 5: Error detection by others depends on the amount of

context-sharing. Several researchers have suggested that the amount
of amtext-sharing is critical for the chances of discovering errors con-
mitted by others (e.g. Wiolard & Amalberti, 1998) .

- Hypothesis 6: Response Execution will be more frequently detected at

the execution stage . Besically, if pecple have a clear expectation an-
ceming what action they intended to carry out it should be easy to
detect their execution errors by aanparing the action carried out with
what they felt, saw, or heard. Studies have shown that response ex-
ecution errors are frequently caught and corrected by a direct feed-
back-checking (e.g. Raldoitt, 1966) .

- Hypothesis 7: Errors foud in incident reports will have a tendency to

e more frequently detected at the cutcore stage compared with er-
rors camitted in nommel geeratians. Errors that are detected at the
plaming or execution stage will tend to be amitted from incident re-
ports, because they are not amnsidered relevant for the irwvestigation.
Thet is, since the foaus is o factars that directly ar indirectly affected
the incident - ard not factars that could have affected the situation if
not caught at such an early stage - they will not be described in the
incidet report. Insteed, these fast ard effective corvectians will anly ke
apparent when doserving normmal gperations.

- Hypothesis 8: The problem-solving process associated with error re-

covery will vary in such a way that ‘Ignore’/Apply rule’ will be most fre-
quent and ‘Choose option’/'Create solution’ the least frequent. Tre rea-
s for this expectation is that the texaxry is here very similar to
Rasmussen’s Skills-Rules-Knowledge-model (Rasmussen, 1984).
Within the SRK-framework it is postulated that the behaviour of experi-
enced cperators most of the time will be amtrolled at the lower re-
source darending levels (gkill- and rule-based level) ard anly rarely is
it required to move up to the resource intensive level (knowledge-based
level). In the axrent framework the “Ignore” ard “Aply rule” are the
coonitive processes that require the least mental resources - that is, a
straightforwerd recovery solutian is available in the situation. n the
other hand, the categories “Choose option” and “Create solution” are
associated with increasingly more cognitively demending recovery situ-
atias

- Hypothesis 9: The errors that are ignored and tolerated are more incon-

sequential than the errors that are responded to. In a study based an
an ATC microworld by Wioland ard Amalberti (1998), it was demon-
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strated that with increased expertise — and thereby better knowledge of
the systam ard its risks - the suojects tolerated a larger degree of
errors without amsequences. This is most likely related to the fact
that the subjects leam that certain errors are without oconsequences
and aonsequently they can save resources by not correcting them.

- Hypothesis 10: Response execution errors (including speech or action
errors) are more often detected than other errors (e.g. lapses and mis-
takes). This is related to the fact that there is a direct discregarcy
between intention and corresponding action or cutcore and, conse-
quently this should be easy to discover.

- Hypothesis 11: Decision-making errors are more often associated with
undesired states. This is, for exanple, sugoorted by a study by Klinect
et al. (1999) that showed thet geeratiawl decisio errors as well as
proficiency errors were the nost difficult for the flight crews to menage
and, consequently, were the cnes that most often had consequences.
The explaration for this is that for decision-neking errors (including
reasming, judgrent ard diegnosis), the criterion for detectio is ot
directly available in the head of the individual, ut instead the correct
solutim is anly available in the extermal world ard is often not clearly
recognizable in advence (Reason, 1990) .

- Hypothesis 12: Most errors in everyday-life situations will be inconse-
quential. For exarple, in an doservatiamal study of pilot crew errors
during normel cperations it was found that about 85% of the crew errors
were inoonsequential (Klinect et al. 1999). Therefore, a larger amoumnt
of aconsequential errors is expected to ke foud in incident reports can-
pared with real-time doservation.

- Hypothesis 13: Procedural violations will frequently be inconsequen-
tial. A study by Klinect et al. (1999) based an real-time doservation of
pilots’ behavior showed that procedural violation errors were the most
frequently camitted errors and also the least consequential. It may
e gpeculated that the reason for this is that pecple develop a meta-
knowledge based on experience concerning which violations are con-
sequential and which are not. This would be in agreament with studies
indicating that pegple develop natiral rigk-taking abilities ad thet their
main goal is not to avoid errors, ut instead to maintain cognitive an-
trol Wiclad & Amalberti, 1996) . Conseguently, nmery “minor” viola-
tions might be accepted, because the risk is considered smell or ab-
SSeol

Results
The enpirical studies described previously can be used to shed sare light
o the utility of the aoweptual framework. To determire the utility it is reason-

able to take a ladk at how it satisfies the previcusly mentianed product criterda -
renely religbility, comprehensiveness, diagnosticity, adussbility.
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Reliability

A critical measure of the utility of the fravework was the intra- and inter-rater
reliability of the classificatians in the three studies based an incident reports, a
similator study, and interviews based an the critical incident tedmique. Kapoa
is a statistical measure that is commonly used to determine the reliability of
classifications made by independent judges and which is corrected for chance
agreenent (Cchen, 1960) . Kappa-results for all dimensions fram these three
studies are shown in the table below (two raters were used in the inter-rater
arnalysis) . The interpretation of the level of agreament (above chance) dotained
by indepardent raters is that the closer the Kapea value is to 1 the better is the
agreenent. Furthermore, levels below 0.40 correspands to poor or nerely fair
agreanent, ard this figure remains a cawentiawl cut-off point (rather as the
interpretation of a p-value at ar below 0.05). All except two of the analyses
provided p-values below 0.001 (namely “procedural violation” and “detection” in
study 4 where the p-values were 0,004 and 0,119, regpectively).

Table 1
Kappa Coefficients from Study 1, 2, and 4
Hrpirical studies
Incidents Simulator study Critical incidents
(study 1) (study 2) (study 4)
Main Sub- Trter- liswry Trter- Tira- | Inter-rater
dimension|dimension rater rater rater rater
Threat Anticipation 1.00 0.80
Errar Producer 0.90 0.95 0.9%4 0.95
Cognitive 0.81 0.86 0.69 1.00 0.52
domain
Procedural 0.81 0.72
violation
Who Detector 0.64 0.94 0.81 0.90 0.89
Corrector 0.62 0.88 0.69 0.85 0.54
When Detection 0.56 0.89 0.60 0.66 0.27
How Detection 0.62 0.84 0.68 0.87 0.71
Correction 0.97 0.60
What Response 0.45 0.9%4 0.80 0.9 0.76
Outcome 0.51 0.74 0.50 0.79 0.69
Why Main groups 0.97 | 0.64
(PSFs) Irdividual 0.88 0.61
categories

As can ke seen in the table the overall picture fram the enpirical studies is
that the framework did in fact sugport highly relidble classifications throughout
all of the enpirical studies (the enpty cells mean that no classificatians have
been made because the available data material did not provide the necessary
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informetion or the issue wes ot explored) . Only ance did the reliability results
et below the critical 0.40 cut-off point, namely for the when-dimension. This
dimension is associated with sare difficulties applying the categories oonsis-
tently to real-world cases and should perhaps be removed from the framework.

Comprehensiveness

Corprehensiveness is related to the extent to which the framework is able
to cover all the main categories and issues associated with the area of error
management. A way to determine the extent to which the categories adequately
reflect the natural variation of a phenorenm is to examine the amount of wn-
known classifications used within the individual dinensions. 2Zn amalysis of the
amount of wknown classifications in the similator study and the critical inci-
dent study has been done. In the similator study, the highest rate of unknown
classifications was foud for Cognitive Domin and wes 4.4%. In the critical
incident study, 12 cut of 17 dimensions did not contain any unknown catego-
ries. The dimension receiving the highest amount of wknown classifications
was prooedural violatians (23.5%) . Hence, the categories within the framework
were able to acoont for almost all of the ervor events analyzed in the two enpiri-
cal studies. In the few cases where a relatively hich level of uknomn classifica-
tians wes foud this was mainly related to insufficient informetio available in
the data meterdal (in particular fram the pilot’s perspective) . In the case with the
high amount of uwknown classifications for procedural violatians, this was basi-
ally a reflectim of the fact thet the classifiers did not possess a sufficient
degree of domain knowledge to meke the classification in these cases. In the
analysis of the PSFs, similar positive results were dbotained insofar as anly
known categories were used.

Diagnosticity

To establish the diagnosticity 13 hypotheses concerming how the framework
should “behave” have been formilated. The question is whether the results fram
the pattem analysis correspanded with theoretical expectations and previcus
research. Different statistical measures will ke used. For the statistical amaly-
sis of main effects, we use an exact Goodness-of-Fit test based an a uniform
distribution (i.e. the doserved distribution is conpered with a distribution where
each of the categories has an equal likelihood of coowrring) . For the amalysis of
interaction ef fects, Pearsan’ s Exact Test will be used to determine whether
different dimensions are independent or not. In addition, to determine which
gpecific cells aomtribute most to the intevaction effect, adjusted residmls (2R)
can be used. According to Agresti (1996), the adjusted residual follows a stan-
dard romel distribution (which is similar to the z distrdbutian) . Agresti (1996)
stated: “Adjusted residuals larger then about 2 in absolute value are wortly of
attention, though cne expects sare values of this size by chance alone when
the runber of categories is large” (p. 91).

The results from the amalysis of the a prior hypotheses are shown below.The
table shows which comparisons were made (and the studies used) to explore
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Table 2
The Framework’s diagnosticity

Hypotheses & Comparisons Significance

Chi-Square (table) AR (cell)

Hypothesis 1: Long-term memory errors will be most frequent among novices. ~ Study 2 vs. 4:

Comparison: Dependence between cognitive domain and data material X%(4,N=391)=84.93, 7=5.20,

(Study 2 vs.4) p<0.001 p<0.001

Hypothesis 2: Response Execution errors are most frequently self-detected. Study 2:

Comparison: Dependence between cognitive domain X?(16,N=202)=129.35, z=7.64,

and error detector (Study 2) p<0.001 p<0.001

Hypothesis 3: Decision-making errors are either not Study 1:

detected at all or detected by others. X49,N=64)=36.12, 2=5.32,

Comparison: Dependence between cognitive domain p<0.001 p<0.001

and error detector (Study 1, 2 and 4) Study 2:
X4(16,N=202)=129.35, 12=2.10,
p<0.001. p=0.036
Study 4: 7=-2.57,
X44,N=48)=32.83, p=0.010
p<0.001

Hypothesis 4: Long-term memory errors are either not Study 2:

detected at all or detected by others. X%(16,N=202)=129.35, 7=6.28,

Comparison: Dependence between cognitive domain and p<0.001 p<0.001

error detector (Study 2) 2=2.80,

p=0.005

Hypothesis 5: Error detection by others depends on the amount of context-sharing.Study 1,2 and 4:

Comparison: Dependence between the errors committed by ATCOs and the errors X1, N=90)=25.13,

detected by pilots and ATCO colleagues, respectively (Study 1,2 and 4) p<0.001

Hypothesis 6: Response Execution will be more frequently Study 2:

detected at the execution stage. X?(8,N=156)=99.17, 7=7.98,

Comparison: Dependence between cognitive domain and detection stage p<0.001 p<0.001

Hypothesis 7: Errors found in incident reports will have a tendency to be more  Study 2 vs. 4:

frequently detected at the outcome stage compared with errors committed X2, N=346)=87.58,

in normal operations. p<0.001

Comparison: Dependence between cognitive domain and data material

(Study 2 vs.4)

Hypothesis 8: The problem-solving process associated with error recovery will ~ Study 4:

vary in such a way that ‘Ignore’/’Apply rule’ will be most frequent and X?(3,N=63)=55.41,

‘Choose option’/‘Create solution’ the least frequent. p<0.001

Comparison: Distribution of error correction/problem-solving (study 4)

Hypothesis 9: The errors that are ignored and tolerated are, to a larger extent, Study 4:

inconsequential than the errors that are responded to. X?(1,N=76)=3.60, z=1.90,

Comparison: The dependence between the decision-making associated with p=0.067 p=0.057

the correction of errors (ignore vs. respond) and the outcome

(consequential vs. inconsequential)

Hypothesis 10: Response execution errors (including speech or action errors) are Study 2 vs. 4:

more often detected than other errors (e.g. lapses and mistakes). X%(4,N=391)=84.93, z=3.9,

Comparison: Dependence between cognitive domain and data material p<0.001 p<0.001

(Study 2 vs.4)

Hypothesis 11: Decision-making errors are more often associated with Study 2 vs. 4:

undesired states. X%(4,N=391)=84.93, =87,

Comparison: Dependence between cognitive domain and data material p<0.001 p<0.001

(Study 2 vs.4)

Hypothesis 12: Most errors in everyday-life everyday situations will be Study 2 vs. 4:

inconsequential. Comparison: Dependence between cognitive domain and data X2, N=438)=150.87, z=11.9,

material (Study 2 vs.4) p<0.001 p<0.001

Hypothesis 13: Procedural violations will frequently be inconsequential. Study 1 and 4:

Comparison: Dependence between procedural violation and outcome X?(2,N=68)=6.35, 7=2.30,

(study 1and 4) p=0.037 p=0.021
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the a prior hypotheses. For each of the corparisms the overall statistical sig-
nificance level is given for the associated cross-talbulation. Since most of the
hypotheses were related to specific cells in the cross-tabulations the ARs are
included to determine whether the hypotheses could be confirmed or not. As
can be seen, 12 out of the 13 hypotheses were confirmed (the only ane that
could not be confirmed was Hypothesis 9). Hence, the framework showed a

hich level of diagosticity.

Usability

Even though the framework is comprehensive, attempts were made to en-
sure thet it still meintaired its ussbility . This included both employing catego-
ries that were easy to understard ard at the sane tinme were practically rel-
evert.

Are the categories easy to understand and use? Deliberate attempts were
mede to cptimize the usability of the framework. For exanple, the categories
associated with the detection source were chosen because they seemed to
meke intuitive sense. In principle, it was possible to split this dimension into
much finer-grained categories as suggested by sore researchers. However t
was expected that this would jegpardize the reliability and usability of the tax-
axary by introducing very subtle distinctions. It was therefore chosen to use a
more coarse-grained but also much more easy-to-use categorization. Similar
deliberations were mede in relation to other dimensions such as the “how-cor-
rection dimension” where the prdolem-solving terms were chosen on the basis
of being easy to grasp. Even though aonsideratians have been given to develcp-
ing a framework with a high degree of usability, there is a trade-of £ between
dlagosticity and usability . Therefore, the framework will require sore degree
of familiarization ard training befare it is possible to agoly the cowepts in a
consistent mamer (e.g. in study 4 approxdmately 10 hours were spent on the
training and calibration of the secad rater who initially was unfamiliar with the
taxonomy, though not with ATC and ATCO tasks) .

Are the categories practically relevant? In the questiomaire study humen
factors experts were asked to give their goinian abaut the relevance of the frave-
work. The results showed that both the overall structure of the framework as
well as the individual dimensions received a hich level of expert acosptance: n
a four-point scale axtaining “Irrelevant” (1), “Sorewst irrelevant” (2), “Sare-
what relevant” (3) and “Highly relevant” (4) all average ratings were sorewhere
between “Sorewhat relevant” and “Highly relevant”. Furthermore, several com-
ments also indicated that framework could be relevant in error menagerent
studies in other contexts - such as the maritime dorain and process control.

Table 3

Average Respondent Ratings from Questionnaire
Framework core Rating PSFs Rating
1. Threat management 3,8 1. Traffic, airport, and airspace 3,8
2. Cognitive domain 3,4 2. Ambient environment 3,3
3. Detector/corrector 3,8 3. Procedures and documentation 3,7
4. Detection stage 3,2 4. Workplace design, HMI, and equipment 3,8
5. Detection source 3,7 5. Training and experience 3,8
6. Correction process 3,8 6. Person related factors 3,4
7. Response 3,4 7. Social and team factors 3,9
8. Outcome 3,4 8. Company, management and regulatory factors 3,7

Validation of an Error Management Taxonomy in ATC
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Conclusions

The purpose of this peper was to present and validate an error menagement
framework. Four different enpirical studies were aonducted for the validation.
The enpirical studies showed that reliable classifications could be dotained by
the use of the framework. Both an the basis of intra- ard inter-rater aralyses a
hich level of reliability was dotained. In additim, aralyses of pattems of both
mein effects and interactians between dimensions provided interesting insights.
Inpertiadlar, the analysis of interaction between dimensions was useful in sup-
porting the analysis of the criterion validity of the framework. Out of the 13 a
priori defined hypotheses - based on theoretical expectations and previcus re-
search — all but ane were aonfimmed by testing the framework against the data
material fram the enpirical studies. Since studies within this area have been
somewhat hampered by the lack of a canprehensive framework, we believe it is
an important quality to the present framework. The results, therefore, seem to
demonstrate the usefulness of the framework. Furthermore, the framework in-
cludes several dimensians that have been scantily explored in the literature and
might therefore pave the way for new studies of error menagement processes.

Future Research Directions

The air traffic cotrol system is undergoing merny challenging changes in the
near future that might have inplications for both the huren ervors that will ocor
ard the chances of discovering and recovering from these errors. The inpetus
for these changes grows aut of the fact that the system is anrrently stretched to
its cgpacity limit ard rapid increases in traffic levels are ervisaged for the near
fibre. To be able to accommodate this development it is necessary to imple-
ment new equipment as well as considering new procedures for regulating the
air traffic. With the advent of new tedmologies and new cperating philosophies
there is a risk that new types of errors will energe ard at the sare time the
chances of recovery might e diminished. Since humen errors carmot be com-
pletely avoided, it is of paranmount inportance for safety to ke maintained so that
the humen operators’ powerful humen recovery abilities are not undermined, ut
actively sugoorted. Hence, the develgorent ard evaluation of fubure initiatives
aimed at safely enhancing the capacity of the air traffic system will require
careful amnsideration of error and error menagement profiles.
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Abstract

The events of September 11, 2001 have created a new set of secu-
rity challenges for the aviation industry, including airports, airlines,
pilots, passengers, and regulators. Flight deck crews have formed
one of the linchpins in a system of prediction, prevention, and re-
sponse. The first need for new training therefore was to focus on
giving flight crews the declarative, procedural, and strategic knowl-
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edge to look for, spot, report, assess, and respond to threats. In
studying how to best train flight crews for the new security chal-
lenges, it might be advantageous to leverage the already existing
concepts and training in Cockpit/Crew Resource Management
(CRM). Towards that end, the current paper examines the content
and competencies engendered by traditional CRM programs and
compares those to the needs of the new environment after Sep-
tember 11, 2001. In so doing, we offer additions to training con-
tents and procedures that should make CRM training programs
more effective in responding to the needs described above.

Introduction

On September 11, 2001, four tears of radical-TIslamic terrarists hijadked for
U.S. darestic camercial airline flights. Using knives ard box cutters, the
terrorists suoceeded in getting access to the airliners’ flight decks, then tock
axitrol of the aircraft, and crashed two of the aircraft into the World Trade Ganter
Twin Towers in New York City and one into the Pentagon in Washington, DC
The fourth aircraft, United Flight 93 from Newark, NJ, to San Francisco, (3,
changed course towards Washington, DC, but crashed in a remote area of
Permsylvania after what appeared to be a struggle between the passengers and
the hijackers. The huren toll of these four incidents of more then 3,000 killed or
missing and marny thousands more injured, as well as the material damege to
alrcraft and structures, nede this the worst terrorist attack in U.S. history
(AouKhalil, 2002) .

The events of September 11, 2001 created a new set of security challenges
far the aviatio imdistry, including airports, airlines, pilots, passegers, ad requ-
lators. Imrediately following the attacks, the Federal Aviation Administration
FRR) took the urprecedented step of closing the entire U.S. airspace for non-
military flidts. All aircraft in the air hed to land imediately at the nesrest
airport; when the system was closed down on September 11, FAA air tef fo
aatrollers landed 2,800 aircraft within 54 mirites (Federal Aviation Administra-
tim, 2002). Furthemore, certain flight activities were prohibited or severely
limited for an extended pericd of time, and certain airspace regias (i.e., the
W ashington, DC airspace including Washingtan’ s Ronald Reagen National Air-
port) were tamporarily closed. Other responses to the security threats posed
by donestic ard intermational terrorism initiated after Septemcer 11 included
the creation of a new Transportation Seaurity Administration (TSA), the concur-
rent federalization of airport security screeners, a revival and expansion of the
Federal Air Marshal program, and the reinforcement of cockpit doors. More far-
reaching proposals have included arming cockpit crews for their protection, the
use of “stun gas” to incapacitate would-be hijackers, and the develcgrent of
tedrolagy to rarctely aotrol aircraft to a landing if the crew is overpowered by
attackers. Firally, there are looming issues regarding the potential use of air-
craft to conduct terrorist attacks with wespans of mess destruction, specifically
bioclogical and chemical agents. In all, the White House Comission on Avia-
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tion Safety ard Security that was created after Septenber 11, 2001, has made
57 recamendations, 31of which pertained to aviation security (Federal Aviatim
Administration, 2002) . Thus, since September 11, a number of new challenges
have care to the forefraont of attention with respect to the knowledges, skills,
ard abilities (KSAs) required of flight crews.

However, even before September 11, there were a runber of new security-
related dullaeges for flidght crews. Specifically, the increased incidence of “air
rage” put pilots ard cabin crews into situations for which they had previcusly not
been trained (Anonymous & Thomas, 2001): Between 1995 and 2000, the
runber of reported air rage incidents in the FAA data base increased from 146
in 1995 to 314 in 2000 (i.e., ae mejor incident almost every day). Similar
increases in air rage incidents were reported elsewhere in the world, meking air
race a trans-natiawl prablem (airWise, 2000) . In fact, according to ane source
(airiWise, 2001), air rage incidents worldwide quadrupled between 1996 and 1999,
up to over 5,000 incidents worldwide in 1999. Thus, in additio to the issues of
the prediction, prevention, and response to air rage incidents (Berkley &
Mohammad, 2001; Bor, Russell, Parker, & Papadopoulos, 2001), there have
been trans-naticwl legal and multi-cultural questions an which pilots must be
briefed (Huang, 2001). Thus, there has been a need for comprehensive steps
towards improved measures to ensure the safety and security of the flying pub-
lic, specifically as far as the training of codkpit ard cabin crews is aoncermed.

Responding to the Need

The new threats after September 11, 2001 have been a system-wide phe-
narenon and could anly be responded to through a concerted effort among all
participants in the aviation system (Baldwin, 2000; Wilkinsm & Jerkins, 1999) .
Flight deck crews thus have formed ae of the lindpins in a system of predic-
tin, prevention, and respanse.  The first need for new training therefore was to
foaus an giving flight crews the declarative, procedural, ard strategic knowledoe
to ladk far, sgpot, report, assess, ard respad to threats. For exanple, flight
crews need to know what information is necessary and helpful in predicting and
respading to threats. Crews thus need to be provided with training that helps
them to seek aut, categorize, ard report information that mey assist in the
prediction and prevention of emerging threats.

To respand to these new need areas, the FAA has develgeed a list of training
issues that should be addressed as part of what has become known as “Com-
mm Strategy 11”7 (Reiley, 2002) . However, the FAA did not issue gpecific quide-
lines as to the detailed training antent and training media. While this allowed
airlires to austanize their training to their geecific situatian, it dd not provide
much guidance as to what the critical knowledoe, kills, ard abilities (KS&s) for
security training were, nor how these K3As could be imparted in the most
ef fective ard ef ficacicus way .

CRM Training in the New Environment
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Tn studying how to best train flight crews for the new seardity delleges, it
might ke advantagecus to leverage the already exdisting aoncepts ard training in
Cockpit/Crew Resource Management (CRM). CRM was developed to respond
to incidents in which huren error was respansible for aviation mishaps. The
goal of these prograns has been to assist crews in using all of the intellectual
resources available to them in dealing with crises. CRM has been a very suc-
cessful and well-accepted program in the industry (General Accounting Of fies,
1997) . However, it was not designed to address the aaplexities of the current
ewvirament. Towards that end, the current paper examines how the content
and conpetencies engendered by traditional CRM programs should be expanded
to address the needs of the new enviromment after September 11, 2001. In o
doing, we offer several additions that might meke CRM training programs more
effective in responding to the needs described aoove. We will refer to the re-
vised training as “Enhenced CRM” for the New Ervirament to differentiate it
fran traditiowe]l M programs. In the following sections, we will describe the
knowledge required by this type of new (RM training, as well as its skill cormpe-
tencies, ard its tools and methods.

Training Content

Traditional CRM training programs typically do not emphasize declarative
knowledge, that is, the knowledge of facts in the domein of coordination and
aoperation. Instead, it is presured that aviators know nost of the flight-re-
lated facts required to coordinate and comunicate. Instead, the goal of tradi-
tioml (M is (a) to create more positive attitudes to increase the likelihood of
coordination behaviars ard (b) to practice the skills necessary for their agolica-
tion. However, as described above, the new enviroment after September 11,
2001 has generated the need for modem flight crew members to know a host of
things that may not e within their general sphere of knowledge. For exanple,
knowledge regarding potential threats includes such issues as a basic under-
standing of the types of persmns and groups that pose a threat to comrercial
aviatim, their tools ard methods, and of agoropriate respanses. In the following
sections, we discuss a mumber of these areas.

Skyjacker types. In arxr recat effarts to sugoart flidht crew training for the
new enviroment whose contents we describe in more detail in the Appendix,
we discussed different categories of aircraft hijackers. Based on research fram
areas as diverse as clinical (Hudoard, 1973), social (Crenshaw, 1988), and sell
group psychology (Hudson, 2002), law enforcement (e.g., Snow, 1996), ard
aviation security (Wilkinson & Jerkins, 1999), we were able to describe five
df ferent types of skyjackers; we labeled these as (a) the “Degperate Loser,” O
the “Terrarist,” (0) the “Suicidal Cardidate/Mental Patient,” (d) the “Rugitive,” ard
(e) the “Ordirary Criminel.” Although many of the behaviors that sare of these
categories of skyjackers (e.g., the “terrorist” and “degperate loser”) would dem-
anstrate are similar, they lave vastly dif ferent motivatias for their actias. Ad-
ditiaally, all types of skyjadkers typically have acarpletely dif ferent notivations
from a disnuptive passenger who may present himself in a similarly threatening
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way (cf. Beeks, 2000; Janes & Nehl, n.d.; Sheffar, nd). The ability to idatify
a type of skyjacker ard to know his/her motivations thus might be very helpful in
assisting crews to choose the correct course of action.

Terrorist groups. By the samre tcken, it is inportant that crews have a kasic
uderstandirng of larger groups thet might threaten the flight. Up to the events of
September 11, 2001, it was the camm belief that passive resistance to
hijackings was the most pramising strategy to avoid humen casualties (Choi,
199%4; Wilkinsm & Jerkins, 1999) regardless of the motivatians of the hijackers.
However, on September 11, the hijadkers replaced the flight crews with trained
pilots, then used the aircraft for suicide attacks an highly visible and populated
targets. In this case, a strategy of passive resistance was doared to failure,
and cne of active resistance, as demonstrated by the success of the passen-
cgers of Uhited Airlines Flight 93 in avoiding further casualties an the grouad,
would have been more promising. This is, doviasly, adif fiault decision to meke
‘i the fly.” However, uderstanding the notivations of the tervorist grogp might
heve helped the crew with this difficult decision.

In order to dose the best possible resomse to an attadk, it is important
that crews uderstard the methods enployed by potential terrorists. This in-
cludes understanding the weapons that are nost likely to be used in an attack,
either because they are effective, favored by terrorists, or less diffiadlt to hide
fram airport security screenings (cf. Gero, 1997; Natiamal Research Council,
1996) . This includes such “uncowentional” devices as the bonbs that were
hidden in “shoe-bomber '” Riderd Reid’ s hikingloots. As was demonstrated in
the Reid case, crew members need to understand the risks and weaknesses of
each weapon and the best methods to respond to each. Finally, crews need to
understand the inplication of each wegpm to the likely inpact on the aivworthi-
ress of e airaaft. A runber of publicatians are available which descrilbe dif fa~
ent banbs and explosive devices (e.g., Brodie, 1996; Lenz, 1976; Pickett, 1998),
but these bocks are typically not aimed at flight deck and cabin crew. An
effective sifting and translation of the informatio in these docurents is there-
fore needed to create good training.

Chemical/biological threats. Because cockpit and cabin crews would likely
ke the first to aare in aotact with an attacker infected with viral ar becteriologi-
cal agents who uses a comercial airliner as his/her means of transport, crew
menbers need to be well informed about how to detect these threats and how
best to respad to tham. In addition to possibly gpotting the infected attacker
and/or the agent, crew members must know how to detect illness symptoms on
thareelves so that they can report tham to a physician. This is a difficult
subject matter, however, as even trained ghysicians must receive gpecial train-
ing an detecting and respanding to biological and chemical agents (Frist, 2002;
Osterholm & Schwartz 2000) . While relatively well-designed handoocks for the
recognition of different biclogical and chemical agents exist (e.g., the FR-CBH
First Responder Chem-Bio Handbook ;Ancnymous, 1998), the content in these
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docurents is easily overwhelming ard thus must e adapted carefully to present
anly the critical aspects needed by flight crews.

Electronic threats. Yet another content area regards detection of ground and
airplane systems degradation (e.g., GPS ard other navigation aids) by flight
crews. Future thrests agginst the U.S. civil aviatio system will likely include
attarpts to degrace the air traffic antrol system ard revigatian aids (cf. Wilkinsm
& Jenkins, 1999), such as the Instrument Landing System (ILS) or the Gldoal
Positioning System (GPS). Thus, the threat in this area is similar to that of
military electraonic warfare (cf. De Landa, 1991; Dickson, 1976; Gordon, 1981).
Pilots will need to know how to mmitor the integrity of the aircraft’s naviggtion
systems and how to detect any system degradation. Crews will also need to
have declarative (whet?), procedural (how?), and strategic (under which circum-
stances?) knowledge on system characteristics and behaviors, the likely prdo-
lars resulting from unlawful menipulations, and the indications that can be
expected.

Legal questions. Firelly, crew members must be informed about the legal
implications of gperating in the new erviroment. Recent events have demon-
strated very clearly thet pilcts, flight atterhnts, ad groad crew are all likely to
aare into amtact with irate, even threatening, passengers. It is inportant that
crew maners wderstard their rights and the limitations on their behavior. This
is inportant not Just to limit lisbility, kit to reduce hesitancy to act in critical
situatians. CGogress has set favorable caditians for this by creating the equiva-
lent of a “good Samaritan” law for well-meant respanses to perceived aviation
threats (Section 125 of S.1447ENR, the Aviatim ard Transportaticon Security
Act of 2001) .

Summary. In summery, the security challenges of the new envirament after
September 11, 2001, have created new and expanded knowledge requirements
for flight crews. First, since de-escalating cogperation with skyjackers is no
lager a universally appraoriate respanse to hijacking threats, flight crews need
to know and be better able to distinguish among different types of skyjackers
and terrorist groups. Second, crew members need to know more about the
types of threats and weapms used by terrorists. This includes a basic knowl-
edoe of explosives, biological and chemical weapans, and of electranic threats.
Third, there are a runber of new leggl issues that flight crew menbers must be
aware of, so that they can provide an agoropriate, measured, and legally defen-
sible regponse to arty real and perceived threats. Thus, (RM training for the
future will require much more focus on declarative knowledge than before. Fi-
melly, since the atents in all three knowledge areas will be contirually chang-
ing, a ane-tine training such as that required by “Commn Strategy IT” will not
ke sufficient. Instead, regilatars ard trairers alike will have to periodically re-
view and refresh the Enhanced CRM training to address new and emerging
thrests.
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Skill Competencies

Over and albove sinply “knowing things,” however, the modem flidht ewiran-
ment requires that crew members possess skill competencies that are subtly
df ferent from those engendered in existing CRM programs (see General Ac-
counting Office, 1997, ard Salas, Burke, Bowers, & Wilson, 2001, for reviews of
existing (M programs) . In arder to illustrate this point more fully, we'll review
changes that are required in several carpetency areas that are often used in

Communication. In traditional CRM programs, comunication emphasized
the use of standard phraseology, “closing the loop,” arnd other kbasic comuni-
cation behaviors. The behaviors are just as inportant in the new ervirament,
but must e practiced among a much larger range of participents. The FAA has
stated thet “airports, airlines, ard a host of Federal, state, local, ard even inter-
national agencies and orgenizations that provide intelligence and enforcement
are all searity partrers” (Federal Aviatio Administration, 2002, p. 15). Specifi-
ally, the develgoment of training for improved commmications among large
teams with varied backgrounds, such as those made up of flight deck crews,
cabin crews, Federal Air Marshals, and ground security/gate persamel is nore
important then ever. As the events of Septenber 11, 2001, have demonstrated,
there is a need to identify a comon vocabulary among those that may be
affected by terrorist threats or unlawful acts. Past research has shown that ae
cammot assure that even groups with daily, close amtact (such as cocdkpit and
cabin crews) have a common vocabulary and are able to comumicate effec-
tively (Gwute & Wiener, 19%). This has been the motivation behind joint crew
resource menagenent training for codkpit and cabin crews and CRM training for
dispatchers. Providing this type of training to other groups, especially law en-
forcement persamel such as Federal Air Marshals, thus seems to be a logical
and necessary extension.

Firelly, cogperation between flight crews, cabin crews, and law enforcement/
anti-terrorist persarel is a worldwide dhallenge ard thus has an important cross-
cultural companent. This includes knowing and understanding differences in
approaches among likely hostage-rescue teams (HRTs) ard arnti-terrarismunits
worldwide (cf.; Katz, 1997; Micheletti, 1999; Thompsan, 1986) . While there are
mery similarities amog the units ard their tactics, units fram different back-
grourds have different approaches to solving similar situations. For exanple, a
military anti-terrarismunits, such as the British SAS (Brown, 1986), has a slightly
different approach than, for exanple, a gpecialized police hostage rescue team,
such as the German GSG-9 (Scholzen & Froese, 1999), or a urban police emer-
gency response team, such as the IAPD SWAT team (Halberstadt, 1994;
Tarajczyk, 1997) . In addition, even among emergency response units from the
same occupational background and similar cultures (such as the HRTs of te
German and Austrian police) there are significant dif ferences (cf. Hifnegl, 1999;
Scholzen, 2000) . Applying the research an cross-cultural aspects of communi-
cation, coordinatian, and cogperatio to security-focused M training is there-
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fore an important additional concem (Helmreich, Wilhelm, Klinect, & Merritt,
2001) .

A special form of comumnication competency involves negotiation and con-
flict resolution. Following the events of Septarber 11, 2001, crews and passen-
cers in future threat situatians will have to carefully weich the situation to deter-
mine what strategy is most appropriate in response to the threat. Not anly
negotiation skills and methods of de-escalation, but also information ard prac-
tice regarding the use of force may be required to meke these types of deci-
sians. This type of training also would exterd to other critical decision-meking
situatians, specifically those irvolving uwuly passergers and/cr air rage inci-
dertts.

Coordination. Ctordiration refers to the group of kehaviors required to share
resources effectively among crew members. One resource that is often shared
is infometim. Teams are said to demonstrate good coordination when they
provide infometion before it isneeded. ZAgpin, the new “players” in the aviation
envirament both possess and require informetion. In meany instances, there is
a requivenent to share infometion, but there has been little training to assist
crew members in understanding the needs of one another. Coordination often
requires “oacking up” behaviors. That is, when individual crew members are
over-taxed they are often assisted by other teanmmates. However, with the re-
cent dharnges to the cockpit, specifically the installation of an inpenetrable
barrier in form of the ammored and locked cockpit door, these types of behaviors
are nore dif fiailt toperfam. As such, there is a requivement for further research
to determine how best to assist crew members with these changes.

Situation awareness. Situation awareness refers to the ability to use data to
create an accurate representation of ae’s aondition. The nost specific gopli-
cation of this ability is to know where ae is in three-dimensiawl space ard to
project a¥’s positim in the funre. T larce part, this is dae by collecting
information from ane’s instrurents to create a mental picture of the situatim.
However, it is also important that pilots creste ard meintain such a mental
representation based an other data such as time, visual cues, ard so forth. In
this fashion, crews are best able to detect anamelies in flight systems. As
described above, navigation systems are a potential tarcet for future tervorist
activity Wallis, 1993). 2As such, it is inportant that crews frequently check the
system against other data sources to ensure that the displayed data are valid.
This will require crews to change their behavior rather than being reliant an ae
system. Because many crew members have substantial experience, this new
pattem will e diffiailt to acquire. Thus, training (end jdbo aids) must ke devel -
qoed to assist with this transition.

Decision making. Training for improved decision meking among distributed

teams is ancther important consideration. Not unlike other aonormel events in
aviation, the new threats in the aviation envirament require a regpanse that
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features the coordination and cooperation of widely distributed, heterogenecus
teams. In the case of threats to camercial airline flights, those who have to
ooordinate and meke decisians include flight deck crews, cabin crews, in-flight
law-enforoarent persarel, and grord wnits such as air traffic coftrol, dis-
patch and maintenance facilities, and military/law enforcament agencies. Re-
search on distributed decision meking by multidisciplinary teams has mede
sore progress, but especially the impact of modern information systems on
the ability of large, dispersed groups of diverse individuals to meke fast, high-
risk decisions requires nore attention.

Leadership/followership. One of the important aspects of traditional CRM
training has been to provide guidance about how to play ae’s role in the overall
flight. Qe interventio that has been egpecially effective in this regprd is pre-
fligtt rdefirngs. By taking advantace of the relatively quiet tine befare the flidht,
crew members can discuss likely prdblems, their preferences and expecta-
tions, and even plan for emergencies. This type of plaming might be equally
ef fective for “ooth sides of the locked door.” Pilots ghould axtinee this practice,
ard add to it amsideration of their response to cabin emergencies. Cabin crew
might also benefit fran a similar riefing, egpecially if there is a arxrait state of
alert ar if a difficilt passaoer hes been idantified.

Furthermore, the locked cockpit door mey require even nore highly devel-
oced kills for cabin crews in the area of appropriate assertiveness (Jentsch &
Suith-Jentsch, 2001). In fact, there is now a need to canduct research to study
the effects of the dhanges in the codkpit-cabin interface an crew interactions
ard leadership roles.

Adaptability. rdaptability refers to that set of behaviars that allows aircrews
to realize that they carct follow their arigiral plan. They must use their re-
sources to create a new plan that is respansive to the change in their ervivaon-
ment. This set of behaviors is likely to grow increasingly inportant as a variety
of tlreats cnfrant aircrews. Until recatly, it was presured that most flight
disnuptians were doe with the purpose of attracting attention. It wes further
assured that the perpetrator of such actions was motivated to remain alive.
However, we now know that terrorists may have the goal of destroying the air-
craft or even using it as a wegpm. Thus, there is a need for crew manbers to do
their best to discem the intentians of attackers ard react accordingly. Ruather,
however, there is also a need to cotine to collect infametion ard alter the plan
if nesd be.

Performance monitoring and feedback. Firelly, there is a need to develop
an envirament where all members of the flight comunity are encouraged to
doserve ane ancther and to give feedoack about how best to improve the safety
of the flight. We often terd to carpartmentalize security issues as relevant to
ae ally ae part of the aviation gperation. However, recent events have demon-
strated that terrorists will exploit even subtle wesknesses in the system and
that we might all notice these shortcomings and/or suggest ways to improve
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them. Further, all maroers of the flight gperation should receive feedoack about
their behaviars. This is egpecially inportant in those cases where the enployee’s
behavior might have contributed to a weakness in the system.

Training CRM in the New Envirorment

The need for revised training has not gone umoticed. These issues are
discussed in the recent Aviation ard Transportation Seaurity Act, the Homeland
Searity Act, ad in FAA guidance. However, there is little guidance aoout
what, specifically, should be trained ar how best to train it. In the following
paragraphs, we will provide sare suggestions about how to modify CRM train-
ing based o the recent scientific literature as well as an practical experience.

Declarative knowledge. Histarically, CRM programs have not had to impart
much new knowledge; any new knowledge was related to team coordination
behaviors, shared mental models of teamwork, etc. (Carmon-Bowers & Salas,
1997) . However, this is likely to change in respmse to the new threats. Crew
menbers need to know the backgrounds and motivations of the most likely
attacking groups in arder to select the best course of action. Rrther, they need
to be esgpecially aware of subtle behaviors that might help them distinguish
between similar-appearing groups. This information is required to enable the
adaptability competency required above.

Hoove ard beyad knowing about potential attackers, it is important that
crew menbers also understand their reactions to an attack. These possible
reactions place the crew mamber at risk for poor decision meking. For ex-
ample, aircrews should praoebly understand phenorena such as the “Stockholm
Syndrare,” which might make them feel sympathetic towards their captors
(Fuselier, 1999) . Warldwide, psydologists, inpartiailar, have extensively stud-
ied this phenorenon (e.g., Auerbach, Kiesler, Strentz, & Schmidt, 1994;
Cremiter, Crocg, Louville, & Batista, 1997; Favaro, Degortes, (olomco, &
Santcnastaso, 2000; Slatkin, 1998). Consequently, they should e at the fore-
front of assisting flight crew manbers by transitianing research results into us-
able training products.

Firelly, it is important that crews are familiar with the host of wegpms that
might e used against theam, the aporopriate reactions, and the implications for
the aircraft. It is egpecially inportant that crew members understand the synp-
tans of a chemical or biological attack so that they can respad as quickly as
possible.

Attitude change . Early CRM programs enmphasized changing attitudes as a
way of improving teanwork (Helmreich, 1997). The data suggested that this
enphasis was useful in helping pilots to inmprove their team performance
(Helmreich, Wieer, & Kani, 1993). In the case of inproving searrity, ttere isa
much larger team to be cosidered. There is every reason to think that this
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intervention will be equally effective. The issues related to safety share soe
similarity to the teanwork issues origimally targeted by (RM training. Most
peple believe that they know all of the safety behaviors and therefore may not
e motivated to leam. 2n attitude intervention might be ef fective in improving
motivetion for training. Rather, these behaviors are prane to complacency . Aggin,
improving attitudes might be helpful in this recard.

Behaviors . As described above, the new enviromment imposes a demand for
a new behavioral repertoire. Our experience has been that a critical element in
acquiring these behaviors is practice and feedoack. We suggest that these
training ggoortunities ke created to reinforce the behaviaral elarent of training.
Typically, this is doe through similator training. A typical corplaint aoout
similator training is that it is expensive. However, we would point cut that meryy
of these gkills do ot need extrarely high fidelity in order to be trained effec-
thely. In fact, several researchers have reported considerable success using
low-fidelity similations. Security training would appesr to be a good cardidate
for this gooroach.

In especially inportant elenent of similator training is the scenario. It is
important thet the somnerdio be realistic, tarcet the specific behaviars of interest,
ad satisfy the varicus practical elevents of training (e.g., lagth, similator
database, etc.). We developed a product to create scerarios for coordination
training (the Rapidly Reconfigurable Line Oriented Events softwere; Jentsch,
Bowers, Berry, Dougherty, 2001; Jentsch, Bowers, Berry, Dougherty, &Hitt,
2001) . In oxr wark with ae airline, in partiadlar, we develgoed four dif ferat,
security-related scenarios so that cockpit and cabin crews could practice their
regpanses to different security threats in well-developed and documented sce-
rerics. A similar goplication could be easily develgoed for seaurity training for
other aviation persarel .

Firelly, it is important that security behaviors becare procediralized. As
has been shown by Degani and Wiener (1997), as well as our colleagues at
George Mason University (Seamster, Boelm-Davis, Holt, & Sclwltz, 1998),
proceduralizing CRM behaviors can significantly improve the consistency and
frequency with which newly trained CRM behaviors are applied. Thus, trans-
foming security knowledoe, skills, gptitudes, and behaviors into a set of sinple,
yet effective procedires is ancther step that promises large payoffs for aviation
seaurrity .

Summary

The aviation envirament following the attacks of 9/11 has changed dramati-
ally. Qrrent training aporcaches are no langer suf ficiat to geerate in this
enviromment. We no longer can assume that crew members possess adequate
knowledoe to deal with the events in flight. Rather, we must be proactive in
identifying deficits in crew member knowledge and developing revised training
regimens to regpand accordingly. We have identified sore of these areas above.
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However, a change in the training system is not likely without goverrment and
industry intervention. We hope that this paper has called attention to these

potattial training needs in arder to start a dialogee that will ring these issues to
Igr.
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Appendix
Description of a Sample Training Program for CRM in the New Environment

We developed a resource document as part of a program of research to
sugport the FAA's regponse to the new envirament in the U.S. National Air-
gpace System (NAS) . We focused on three research thrusts in this area, each
centering an ane aspect of improved CRM training for flight crews. The ap-
proach carbined findings fraom modem behavioral and cognitive sciences, spe-
cifically from hinen factors, with state-of-the-art tedrological solutians. The
resulting training materials are intended to give trainees the necessary knowl -
edoge to detect, assess, report, ard counteract new threats to the safety ard
seaurity of flight; it provides them with infometion ard strategies for team con-
mmnication, coordination, and cogperatian; and it provides them with practice
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ooportunities to apply the knowledge ard strategies.

We have collected and analyzed information on the new threats in the avia-
tion enviroment after September 11, 2001, ard have studied their ef fects m
CRM. Additiawlly, we have created event-based scenarios for this training.
This task foouses an the training of pilots in the procedures and meneuvers that
allow them to respad nost effectively to new dallenges in the aviation eviron-
ment.

In accordance with these goals, the docurent contains resource material in
the following areas:
. Alr rage
Bsydhology of aircraft hijackers
Motivatians of terrorist ard criminal orogpnizatians
Psychology of interactions between hostages and their kidnappers
Goals ard techniques of hostage negotiators
Similation scenarios to practice CRM in the new ervirorment

Tn addition to chapters an these critical areas, the docurent also contains a
bibliograghy, a glossary or related terms, and additiaml resource meterial fram
various gpen sources to support the chapters.

Training Modules

Ten training modules (in the fom of instructianl goals ard sugporting train-
ing media, mostly PowerPoint slides) were developed to support security train-
ing for flight crews. In the following sectians, we briefly describe the modiles
ard their contents.

Mxiile T provides the overview of the training tool set and gives introductory
exanples for each of the modules.

Module I-A gives the history of air terrarism throghout the world. Two case
studies provide insight into the evolution of terrarism over time.

Module IT thoroughly covers the area of explosive devices. This includes the
types of explosive devices that are an the market as well as hand-made devices
ard the different types of triggers.

Modiile T1T provides detail an biclogical and chemical threat. Fivst, this mod-
ule covers the carmponents of chemical threats and the effects on the environ-
ment and population. Secand, biological threats are explained, categorized,
ard the related symptams are discussed. last, the effects of a miclear weapon
threat are covered.

Module TV discusses the types of electranic threat to civil aviation and coanter-
measures to resist or avoid this type of rigk.

Module V presents information regarding five general types of skyjackers
(which fall irto three categordes, i.e., crmirel, terrarist, ar suicichl) ad dis-
cusses ways to react if aconfronted with a skyjacking situatio.

Mxduile VI covers three types of terrorist groups as well as their notivatians.
First, the ratiowl terrorists think through decisions to create the most advanta-
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geaus situation for thamselves. Secod, the psychologically notivated terrorist
uses terrorism to meintain their identity and self-estesm. Iast, the cultrally
motivared terrorist perceives a threst against their aulture, religian, ar sare type
of grogp. The module delves into the varicus intermatiamal terrorist groups in
detail ard gives exanples of dorestic terrorist groups.

Module VIT presents detailed information aon the psychology of hostage situ-
atims. First, infometim is given regarding the use of intimidation. Secad, the
phenomenon of Stockholm Syndrome is addressed as well as the opposite
e fect of the London Syndrare. Finally, the gkdll of hostage negotiation is cov-
ered including many recomendations and cues for how to react in certain
sitetias.

Module VITT discusses the intermal threats relevant to the airline industry.

Two case studies are included as well as procedures ard tips to prevent work-
place violence.

Module IX provides information regerding the issue of air rage including the
possible causes, profiles, exanples, ard the inpact of air rage an the airline
imdistry . Various types of prevention strategies are suggested for traveling cus-
tarers.

Module X presents the susceptibility of aircraft to varicus dangers. This
includes the interior ard exterior high-threat areas of caution throughout the
alraaft.

Module XTI gives exanples of incognito terrorists that were successful in can-
pleting a terrorist act by dressing and behaving in inonspicucus ways. Strate-
gies are given to prevent this type of terrorist fram aarpleting their mission.
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Abstract

The authors have initiated a five-year study to investigate the learmn-
ing styles of collegiate aviation students and track them by year
group (freshman, sophomore, junior, senior and graduate). The
study is based on earlier work by Brewster and Kanske (2001) that
suggested significant differences between lower and upper divi-
sion aviation students. This paper reports on data collected at the
end of the first year from four hundred twenty (420) students sampled
across eight aviation programs. The participating institutions were:
Oklahoma State University-Stillwater, Oklahoma State University-
Tulsa, Tulsa Community College, Southeastern Oklahoma State
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University on the Durant campus and at Tinker Air Force Base,
Rose State College, University of Oklahoma and Purdue Univer-
sity. Kolb’s Leaming Style Inventory (LSI) was used to analyze the
leamning styles of the responding students. Findings from first-year
data suggested converger or assimilator leaming styles predomi-
nate within the college aviation student population (67.2 %), com-
parable to earlier findings with United States Air Force pilot popula-
tions (67.8%). In addition, first-year data indicated that freshmen
aviation student learning style distribution is similar to that found
within the general student population. Such findings seemed to
suggest a shift in student leamning styles over the course of a 4-year
college aviation experience. Data collected over the course of the
five-year study may reveal whether such a shift results from leam-
ing style maodification or self-elimination of students with a non-
predominant leaming style. The authors believe that study find-
ings will inform faculty and program administrators how best to
meet the needs of all enrolled students.

A ILogitudinal Study of the Leaming Styles of Gollege Aviation Students

A leaming style is a student’s amsistent way of respading to and using
stimili in the cotext of leaming (Clark, 2000). Learming styles are points alay
a scale that help us to discover the different forms of mental representation.
They describe how pecple leam without judging. A measurement of learning
style places the individual alag a caontinum; it does not define a limitation in
leaming, but identifies a preference or canfort zane in leaming enviraments
(Clark, 2000) .

Understanding the predominant leaming style is not just an aid in course
developrent. Helpirg the student understarnd his or her persaial leaming style
can directly affect their leaming. Sharp, an associate professor of tedmical
comumnications in the chemical engineering department at Varderbilt Univer-
gity, “foud that teaching students about leaming styles helps them leam the
course material because they become aware of their thinking processes. More
importantly, she says, it helps tham develop interpersanl <kills that are critical
to success in any professional career” (Felder, 19%) .

Identifying and measuring leaming styles has taken meary forms. Torrance
and Rockenstein (1988) catalogued 23 different leaming styles measurable
through varicus survey instruments. Additicnal research studies focused on
leaming modes (visual, verkal, etc), left hamigdhere/right hemigdhere brain bias,
field dependence/field independence, ard adult leaming preferences. The con-
mm thread in this field of study is a foous o the individiel leamer. Recent
studies in aviation education have begun to identify individual preferences held
by aviation stdents (Quilty, 1996; Brady, et. al., 2001; Kanske & Brewster,
2001) . In this study, we cantime the process, locking at preferred leaming
styles of aollege aviation students within the aotext of the experiential leaming
model .
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Experiential leaming, or leaming fram experiences, is described as a cycle
thet arbitrarily begins with a single leaming event. After the event, the leamer

reflects m the experience, relating it to other events both similar ard dissimilar.

Next, the leamer builds theories that determine actions during future events,
and aonceptualizes possible cutcomes. Finally, the leamer experiments with
these theories, testing them for accuracy ard ef fectiveness. In this way, each
leaming event has its basis in past experience ard provides a backgrord agginst
which the leamer prepares for future events (Kolb, 1984) .

Over time, each leamer becores nmore canfortable with specific parts of the
leaming process.  Schmeck (1988) attributed this leaming style develgorent to
positive reinforcament during early leaming situations. Contirued success with
a style of leaming, and the positive feelings of achievarant this sucoess brings,
lead to a preference for a specific style even when other styles may be more
apprapriate for specific subject matter. Idatifyirng the lesmrer ‘s preferred style
is the kasis of leaming style research. Kolb (1984), in developing a leaming
style model based upmn the experiential leaming model, described the four ba-
sic steps in the leaming cycle by using two sets of ogoosing dhoices.  Abstract
amoeptualization, or theory building, opposes participation throuch concrete
experience. The reflective doservation of the introvert is ggposed by the active
experimentation of the extrovert. The dichotomy between the abstract and the
aocrete thinker has entered the popular culture with the imeges of a concrete
thinking, podket protector wearing, left-brained engineer ard the langhaired,
abstract-thinking artist. The reflectively doserving introvert ard the actively ex-
perinenting extrovert are also readily identifiable stereotypes. Kolb (1984, 1993)
applied the concept of preferred learning styles to these two dichotamies to
identify forr different styles. It shauld ke noted that the general pooulation
distrilbutes evenly across these faur styles.

The Accamodator is a concrete-thinking extrovert who corbines concrete
experience and active experimentation. The accommodative learner is action-
ardented ard prefers facts to theories. This style of leamer is goen to new
experience hut fixates an insignificant tagks.

Alnost a mirror imege of the Accommodator, tte Assimilator is the dbstract-
thinking introvert carbining abstract conceptualization and reflective doserva-
tion. The assimilative leamer is ae wo builds logical and precise theories
about an event from seemingly unrelated facts. Idea and concept focus, as
aposed to a pegple focus, is another trademark of the assimilative leamer.

The Diverger is a aacrete-thinking introvert ocarbining concrete experience
ard reflective doservation. The Diverger lodks at the mary sides of an event to
develp a “big picture” amalysis of wat ccorred. This is the brainstomer of the
group, offering marty possible approaches to a prablem, actively searching for
sugport arnd gauging how others in the group feel about these altermatives.
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n the ogposite side of the scale fram the Diverger is the Cawerger, an
abstract-thinking extrovert carbining abstract conosptualization and active ex-
perinentation. The cawergent leamer offers practical methods of applying what
might be possible, without having to live through the experience first. This is the
learmer who will sift through altermatives, select what he or she sees as the most
tedmically aooraoriate, and pat into practice that altermative.

2s exch individel will heve all of the leamirg traits to differing degress, it is
appropriate to retum to Schieck’s (1988) statement that dominent leaming
styles are developed from past successes in using that approach. Positive
outaares ard reinforcements from authority figures during leamer develgoment
terd to produce a predisposition towerd a specific style, even when a different
style could produce a better result thet is within the leamer s caoebility. Eis
this doninent leaming style, which is identified using the miltitude of available
survey devices.

The Kolb Iearming Style Trventory (LSI), wes developed in 1976, ard revised
in 1985 ard 1993 to identify where in the leaming cycle an individual’s prefer-
axes fall. To coplete the IST, the subject ranks four possible endings for 12
sentence stams. This forced-ranking, where each ending identifies ane of the
four steps in the leaming cycle, produces a score between 12 ard 48 for each
mode of leaming. Two corbination scores are derived to identify a preferred
location alang each of the two leaming dichotamies: abstract/concrete and ac-
tive/reflective. Subtracting the concrete experience score from the abstract
aneceptualization soore, and subtracting the reflective doservation score from
the active experimentation score, provides these two carbination scores. Plot-
ting these two aorbination scores an a leaming-style grid will identify which
quadrant best describes the preferred leaming style of the subject (Kolb, 1985,
1993) .

Kolb' s Leaming Style Trventory (LSI) has several advantages for research. In
addition to being revised twice since its develgoment in 1976, the IST has been
validated over the years in such studies as a comparison of learning among
European management training students (Jackson, 1995) and Willcoxson and
Prosser s (199) validation stidy in Astralia. The IST also is relatively easy to
understand and administer, and with only 12 forced-choice responses to com-
plete, the instrurent is quickly answered.

Kanske (1998, 1999) used Kolb' s Learming Style Irventory to examine the
pilots who had aorpleted undergraduate pilot training with the United States Air
Force. When compared to the general population’s even distribution, the study
group showed a significant (p < 0.0001) preference for the Cawerger learning
dyle. This prampted the question of when this distribution cccurs. A follow-up
study by Brewster and Kanske (2001) also used Kolb’ s Learming Style Trventory
to esamire the leaming styles of college aviation students in an effort to deter-
mine if there was a dhange in leaming style during the college years. That
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study foud a significant difference (p < 0.0013) in leaming styles from frestmen
to graduate student, with an apparent step between freshman and sophomore
years. While the doserved differences gppeared to be significant, the smll
saple size dictated that caution be taken when trying to describe the specific
change at the sophomore year. The current lagitudinal study will expard the
sanple size and hopefully provide further sugport for previous data. Additiaslly,
it will begin the process of finding aut if the difference in leaming style shown
between class levels is a result of changing leaming styles amog students, or
if students who have dissimilar leaming styles leave the program.

Qurrent aviation curricula are designed with a building block apprcach to
prepare students for operations in a professicwl aviation ewirament. This
methodology does not consider the inpact of sequential, pedagogical presenta-
tios m the leaming style distribution within the aviation student popalation.
Previcus studies indicated a significant population of students has a leaming
style preference that is well suited to the building blodk aporoach. The lagitu-
diral portion of this study is intended to determire if individual students within
aviation programs change their leaming styles to match the material and pre-
sentation, or if those students with non-predaminent leaming styles leave the
program. The answer to this question will provide insight to course design
decisians within an aviation education ewvirament. The first phase of the lagi-
tudinal study (year ae) is reported here.

Methodology

The populatian for this study amsisted of students enrolled in the aviation
programs at Oklahoma State University-Stillwater canpus, Cklahoma State
University-Tulsa campus, Tulsa Comumnity College, Rose State College, Uni-
versity of Cklahama, Southeastern Cklahoma State University on the Durent
campus and at Tirker Air Force Base and Purdue University. Kb s Learmning
Style Inventory was used as the survey instrurent. The demographic survey
form was modified to include student identification infametrion, in ader to track
students through subsequent surveys.

Surveys were distributed to students during the Spring 2002 semester. S
vey packages, including a cover letter, the demographic form, and the Learning
Style Irventory were distributed and collected by classroom instructors at each
locatim.

Results and Analysis

Responses were received from 88 students at Cklahoma State University-
Scillvater, 42 students at Oklahara State University-Tulsa, 30 students at Tulsa
Comunity College, and 45 students at the Southeastern Oklahoma State Uni-
versity Durant and Tirker Air Foroe Base locatians. A further 28 students fram
Rose State (bllege responded, as did 47 students from Cklahoma University
and 140 students from Purdue University. The grade level breakdown of this
group of students is shown in Table 1. Students from Oklahoma State Univer-
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sity-Tulsa were enrolled in a cooperative education program with Tulsa Commui-
nity College. Southeastern Oklahome State University-Tinker students prima-
rily were erolled in ugper division coarses. Lower division courses far Tirker Air
Force students were dotained from either a local junior college or schools previ-
ously attended and were transferred into the Southeastern Oklahoma State
University program. Some responses were urusable due to errors such as no
demographic data, missing responses on the Learning Style Inventory, ad re-
spanses on the Learming Style Inventory, which violated scoring criterda. Qaly
useable survey respanses are included in Table 1.

Table 1
Responses by Grade Level and School

School OU Purdue Rose = OSU- OSU- TCC Southeastern Total
State  Tulsa  Stillwater

Grade Level

Freshman 9 53 10 0 0 8 7 "7
Sophomore 12 16 5 1 2 17 15 88
Junior 1 5% 2 9 2 3 15 18
Senior 8 15 1 2 12 0 8 66
Grad Student 6 0 9 10 2 2 0 29
Non-credit 1 0 1 0 0 0 0 2
Total 47 140 8 2 & 0 45 420

Instruments were scored using the methods cutlined in the ILeaming-Style
Trventory Self-Scoring Trventory and Interpretation Booklet (Kolb, 1993). This
method produced scores for concrete experience, reflective doservation, ab-
stract oonceptualization, and active experimentation for each subject. From
these four raw scores, two carbination scores, abstract conceptualization mi-
nus aoncrete experience (AC-CE) ard active experimentation minus reflective
doservation (RE-RO) were derived. The firal step in the aralysis was to plot the
intersectio of the two carbination scores an a grid using AE-RO as the X-axis
and AC-CE as the Y-ads. The quadrant an the grid in which the intersection
falls was used to define the subjects leamirg style.

The predominant leaming style displayed by 129 college students, using
this scoring method, was Converger. This represents 34.4 percent of the sur-
veys with valid leaming styles. The Diverger learming style was least repre-
sented among the responding students with only 56 students, 14.9 percent.
Assimilator style was the second most prominent with 123 students or 32.8

International Journal of Applied Aviation Studies



percent, followed by the Accommodator style with 67 students and 17.9 per-
at. These results are shown in Table 2 ard Figure 1.

Table 2
Style by Current Standing (frequency)
Grade Level Freshman Sophomore Junior Senior Graduate Non- Total
Student  credit
Style
Accommodator 2 13 15 12 6 1 67
Assimilator 3B 19 3B 19 9 0 123
Converger % 2 K¢ 23 8 1 129
Diverger 23 12 17 4 0 0 %
Total 107 76 109 58 23 2 375
40
35
30
25
Assimilator
Converger
Accomodator Learning Style
H o Diverger
-
I3 2 E % 3 3
= S ] s L
8 &
z 2
Current Grade Status g
Freshman Sophomore Junior Senior Graduate Student Non-credit
[@ Diverger 23 12 17 2 0 0
‘I Accomodator 20 13 15 12 6 1
O Converger 26 32 39 23 8 1
O Assimilator 38 19 38 19 9 0

Figure 1.1eaming Style by Current Grade Status.

Figures 2 ard 3 sumarize the leaming styles of the study group broken
domn by grade level. Among the freshman class, 21% percent were Divergers,
19% percent Accommodators, 24% percent Convergers, and 36% percent As-
similators. Cowergers and Assimilators represented 67% percent of the sopho-
more class, and the remaining 33% percent were Accomodators or Divergers.
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The junior class had 71% percent Convergers/Assimilators and 29% percent
Accamodators/Divergers, while the senior class had 72% percent Convergers/
Assimilators and 28% percent Accommodators/Divergers. Finally, 74% per-
cent of graduate students were Cavergers/Assimilators and only 26% percent
were Accormodators/Divergers.

Converger
Assimilator
Accomodator
s o = Diverger
£ <] o 5 o
< £ < 2 c =
g 2 2 3 2 3
[ =Y o E] 5
& oo
s o
© =
S
=4
o
0
Freshman Sophomore Junior Senior Graduate Student Non-credit
O Diverger 21% 16% 16% 7% 0% 0%
O Accomodator 19% 17% 14% 21% 26% 50%
B Assimilator 36% 25% 35% 33% 39% 0%
O Converger 24% 42% 36% 40% 35% 50%
Figure 2 .Style by Class (Percentage) .
Converger & Assimilator
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Freshman Sophomore Junior Senior Graduate Non-credit
Student
@ Diverger & Accomodator 40% 33% 29% 28% 26% 50%
B Converger & Assimilator 60% 67% 71% 72% 74% 50%

Figure 3.style Groupings by Class (Percentage) .
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The results for groap leaming styles, derived with the caladlatians of AE-RO
and AC-CE used to define leaming styles, are shown in Table 3. Means for the
total sanple of AE-RO equal 5.20 and AC-CE equal 7.50 plots in the Assimilator
style. Freghmen, with an AE-RO of 4.07 and an AC-CE of 6.01 also plot in the
Assimilatar style. The Sophomores AE-RO of 6.66 and AC-CE of 6.71 plots in
the Cawerger style. 2n AE-RO of 4.61 and AC-CE of 8.07 for juniors results in
tte Assimilator style. Means of 6.08 for AE-RO and 9.40 for AC-CE falls an the
vertical axis (AC-CE) between the Assimilator eand Cowerger styles for seniors.
Firelly, Graduate students also plot very near the AC-CE axis in the Assimila-
tor/Cawerger styles with means for AE-RO of 5.87 and AC-CE of 12.13.

Table 3
Mean Values for Active Experimentation minus Reflective Observation (AE-
RO) and Abstract Conceptualization minus Concrete Experience (AC-CE)

Grade Level Freshman Sophomore Junior Senior Graduate Non-  Total
Student  Credit

Style

Active

Experimentation

minus Reflective  4.07 6.66 461 6.08 5.87 8.00 5.20
Observation

(AE-RO)

Abstract

Conceptualization

minus Concrete 6.01 6.71 8.07 9.40 1213 1.00 7.50
Experience

(AC-CE)

Conclusions

Findings fram this data set were similar to earlier findings with both Uhited
States Air Force pilots and college aviation students (Kanske & Brewster, 2001) .
Perhaps most striking was the similarity in the percentages of respondents with
either the Assimilator or Cawercer leaming styles. These two learning styles
made up 67.8 percent of the U.S. Air Force study group (Kanske, 1998, 1999),
61.5 percent of the college study group ard 67.2% percent of the current study
grap.

The Kolb leamirg style imventory, for a rendom population, will produce an
equal distribution amag the four leaming styles. The total sanple of this study
showed a significant deviation (p<0.0001) from equal distribution with a ten-
dency toward abstract-conceptualization. The distribution of freghmen leaming
styles matched that of a random pooulation (p=.073) . At the sopharore level, a
strag distrilbution (p<0.004) toward Assimilator and Converger was doserved.
Junior level student responses skewed toward Converger and Assimilator
(p<0.0004) . Converger was the dominant style among seniors at 38% (p<0.004)
and graduate students were Assimilator at 39% (p<0.0232) .
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The study of college aviation students by Kanske and Brewster (2001) showed
an initial random distribution of leaming styles, with a significant shift towrd the
Assimilator or Cowerger style by the sophaomore year. Martin (2000) foud a
shift in style after the sgohavore year, arnd suggested that this shift deserved
further stdy. Kanske and Brewster (2001) foud the shift to ocour even earlier,
after the freshmen year . The continuing lagitudinal data collection should fur-
ther validate the orrant firdings. In additio to hidhlighting leaming style trads
for imdividual students, this data should provide insights to leaming style as-
pects of the entire aviation student popalatian.

Certain styles of leaming appear to e daninant throughout the aviation ex-
perience.  All Uhited States Air Foroe pilots are required to have a four-year
college degree, and closely match the characteristics of graduate students
sanpled in this study. It should be noted thet the Uhited States Air Force study
(Kanske, 1998, 1999) percentage 67.8% closely matched the 74% result for
graduate students from this study .

By tracking the leaming styles of aviation students, the authors hope to
determire if dhanges of individual leaming styles coour during the college expe-
riaxe, ar if individuals with “no-predonirent leaming styles” terd to self-elimi-
nate fram aviation programs. Identification of a predominant aviation student
leaming style also can be used as an aid in course instructicnal design.

Deamographic data may provide additiaml insights to student leaming styles.
While the data fram the crrent study represented a relatively large sanple, it
was difficult to generalize the results due to limited danographic information.
The study surveyed eight institutions with varied program size, location, arnd
studat profiles. There was insuf ficient data, however, to determire if this cata
can be ansidered a representative sample of any group other than the eight
institutions irvolved. General damographic informetion about collegiate aviation
programs would provide a statistical background against which to analyze these
study results. Over the course of the lagitudinal study, ef forts are being made
to dotain demographic information fram perticipeting institutions. Additiawl
demographic infomation from the population of aviation programs will allow gen-
eralizatio of results across the entire aviation student body . The eight sampled
institutions were chosen based on access. A random sample chosen from all
aviation programs based upon the general demogrephics would produce signifi-
cantly better data.
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Abstract

Developing a safety culture in collegiate flight training is often a
critical step in aviation safety that must be approached from sev-
eral different directions. A key element in the development of a
safety culture is the implementation of an accident/incident pre-
vention program. To aid in the development of such a program
requires numerous information sources with maintenance data-
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bases being just one such source. Maintenance databases can
be utilized not only in the necessary analysis after an accident or
incident, but also prior to such an occurrence.

Safety Qulture

Before developing programs to create a safety culture, the concepts of “cul-
ture” and “safety culture” first must be defined. Since the actual measurement
of ailture is prdolaretic, it is imperative that these quidelines be established.
Kluckhdm and Strodeeck (1961) identified culture as a mega-variable from which
all cotingencies ardginate.

We think the way we have been socialized to think. The universal value
ariatatians are to be ford in all ailtures. Each of the vardatians has inpli-
catians for values, behavior, and emotions. Kluckhon and Stodtbeck’ s five
orientations are: (1) hlumen nature, (2) relationships between men and na-
ture, ) time, @) activity, ad (5) relatianships.

Each variable is interwoven such that one carmot be changed without the
others being affected as well as the aulture as a wole. Komblum identified
aulture as a total system of values, beliefs, attitudes, traditians, and behavior
noms regulating 1ife among a particular group of pegple (Kombolum, 1991) . It is
the goal of safety individials to mold the characteristics of aviation professian-
als so they becare part of the culture ard the culture becares a part of them.
As Reason (2000) pointed out, culture is sarething that an orgenization “is”
rather then sarething it “has.”

Now that the overall concept of “culture” has been discussed, how does the
organizational culture impact the establishment of a “safety culture”? Qe of
the steps in establishing a safety adlture is to ensure that individuals are actu-
ally aware ar infarmed of the need for a safety adltre. “Infomed aulture” equates
with the term “Safety Culture” — ane in which those who menage and cperate the
system have current knowledge about the humen, technical, organizational,
and envirvamental factors that determine the safety of the system as a whole
(Reasn, 2000) . Sinply realizing that a safety culture is sarething of impor-
tance is a step in the correct direction. Ore of the ways that an awereness of a
safety aculture can ke prawoted is by placing the idea of safety at the forefrant
fram the begiming of training all the way through the certification process.  Safety
should be taught as a aontiruous process begiming in primary schools with the
dojective of creating a society which uderstands the basic tenets of risk ard
which encourage individuals to form opinions based on real knowledge of haz-
ards (Thorburm, 1990) . Furthemmore, the teaching at the primary stage should
relate to social behaviors and to safeguarding health by taking precauticnary
and avoidance measures (Thorburmn, 1990) . The establishment of accident pre-
vention data is paramount in the effort of precauticnary and avoidance mea-
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ares. Amlyzing ard preparing for situatians that have a reasaable praogbility
of coorrence can significantly increase the likelihood of bresking the ervor dein.

Accident & Incident Databases

Now that the ooncept of a safety culture has been discussed, what is the
ideal way of proceeding to establish such a mindset? Without firvst identifying
the prdolem, there is no possible way to proceed. Accurate and permanent
recards of doserved behaviar are essential for a jdo safety aralysis (Geller, 2001) .
Concrete measurements and detailed dbservations are required to determine
where there are weaknesses in the safety culture so that aporcpriate remedies
can be devised.

In the absence of bad cutcares, the best way - perhaps the only way - to
sustain a state of intelligent ard regpectful wariness is to gather the right
kind of data. This means creating a safety informetion system that collects,
analyses, and disseminates information from incidents and near-misses as
well as from regular proactive checks an the system’s vital signs (Reasmn,
2000) .

Tt is imperative that databases be created such that orgenizations and indi-
viduals can reap the rewards of past occurrences. Aviation professiaals need
to have the skill set required to leam fram past mistakes and prevent them from
happening again.

Accident databases are not unique to the aviation industry. Nurercus insti-
tutians see the validity in identifying ard tracking accidents and incidents and
the key elements that lead to their ccourrence. The sports industry has deter-
mined that an accident data system will lead to the systemstic collection of
valid ard reliable data and meterial evidence which, if utilized properly, canelimi-
nate most potential accident hazards and minimize the consequences of mis-
haps which do occur (Danron, 1977) . Elementary education professionals have
determined that to prevent bus accidents involving students and motor vehicles,
an accident database must be developed to increase safety. If we camot com-
pile basic accident data which is necessary for basic accident aralysis, we
camet develop basic safety programs which are the lifeblood of all accident
prevention programs (Comeau, 1986) . Summer canp organizers realize that an
arganizaticmal culture that supports the reporting of near miss incidents is an
inmportant foundation to successful risk memagement (Leemon, Schimelpfenig,
Gray, Tarter, & Williamsm, 1998). Each of these institutions have concluded
that without the collection ard amalysis of accident data, events are destined to
repeat thamselves until preventive steps are taken. Even with near-miss situa-
tians, it is inperative that proger aralysis is aorpleted to redice the total mm-
ber so that an accident will not develg. For every 600 near hits, there will be 30
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praperty damege incidents, 10 minor injuries, and 1 mejor injury (Geller, 2001).
If we sinply foous am the mejor accidants, there is a miltitude of infometrion that
is being overlocked. Informetion about near hits and other types of incidents
must be analyzed for future reference ard trend analysis.

Besides preventing future accidents and incidents fram occurring, databases
have additional uses for the safety professional as ocutlined by sumer camp
argpnizers. According to Lemmon et al. (1998), accident databases:

- Provide a tool to educate interested parties about the risk menagament.

- Provide a significant and comprehensive incident database upon which
statistical analysis can be done to provide a oollective knowledgebase
ard reliable information source.

- Provide a cantral reporting forum for incidents.

- Enhance the collective judgrent by examining trends within it.

However, ae of the most valuable agpects to cathering incident data is it
provides the ability to share the narrvatives of each incident with staff and col-
leagues (Ieamon et al., 1998). The sharing of narratives places a real world
lackdrop to a situation, which is often renoved to the point that it anly happens
to “other pecple.” This mentality is exactly what accident ard incident data-
bases can help to prevent.

Safety Programs

The process of creating a safety program and incorporating an accident and
incident database is no smell endeavor. Because of the interwoven properties of
a safety adlture, it is inperative that careful amsideration be placed m the
entire process instead of creating a program sinply for the sake of creating a
program.

A recent review of a rumber of safety process measures identified five broad
clusters in the creation of a safety program (Reasan, 2000) .

- Safety-specific factors (for exanple, incident and accident reporting,
safety policy, emergency resources and procedures, of f-the—jdo safety
ard so an)

- Management factors (for example, management of change, leadership
and administration, comunication, hiring and placement, purchasing
cmtrols, incompatibilities between production and protection arnd so
@)

- Technical factors (for example, maintenance menagement, levels of
autamation, humen-system interfaces, engineering aontrols, design,
hardware and so on)

-  Procedural factors (for exanple, standards, rules, administrative omn-

trols, operating procedures and so an)
Training (for example, formal versus informal methods, presence of a
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training department, skills and conpetencies required to perform tasks
and so on)

A thorouch ard accurate maintenance database can facilitate the incorpora-
tim of safety-specific meragement ard tedmical factors. Specifically, Leemon
et al. (1998) stated that a formila for accident potential can be boiled down to
enviramental hazards (aircraft) + huen hazards (pilots) = accident potential
(incident databases). A maintenance database encourages open communica-
tion between all three areas specifically relating to the status of the aircraft. By
actively engeging all aress of the safety equatian, it is possible to inprove the
orrall safety alltire. As identified by researchers irvolved in amalyzing pedes-
trian safety, students leam to practice safe behavior most ef fectively when they
are irvolved in the process of identifying and controlling hazards (Wojtowicz &
Deslauriers, 1995). By placing the student in the center of the safety aulture
and actively engaging them in the safety process, they becore more aware of

the requirament for safety.

A meintenance database also will have a profourd effect an the relatianship
etween maintenance tecmicians and pilots. By creating a strong link of com-
mumnication between envirommental hazards (aircraft) and humen hazards (pi-
lots) accident potential (incident databases) can be significantly reduced.

Histarically, the comumnication link between these two parties has left sare-
thing to ke desired. Young, Mattson, and Petrin (2001) discovered an area of
concern in their research on the coommication between pilots and mechanics
that showed 95% of pilots felt mechanics were their colleagues while 69% of
mechanics felt the same. When respondents were asked to identify prablem
aress in aircraft “write-ups,” 31% wrote that a face-to-face aspect of the policy
was not working well while 46% wrote that written or electronic logoock entries
were prablematic (Yorgetal., 2001). After aopletion of their research, Young
et al. (2001) determined that the most conmon advantage noted by students
was “leaming to work with other disciplines.” The maintenance database and
its integration into the safety process is a key ingredient to inproving the con-
mnicatians between pilots ard mechanics. If the process is utilized efficiently
there will be series of contimous commnications instead of discussians anly
when an aircraft is broken.

Adrcraft Discrepancy Analysis Matrix (RDEM)

As maintenance, databases and their integration into the safety process
have been identified in previcus studies as a key element for comunication
between pilots and maintenance tedmicians as well as for enhancing the safety
culture. Because the Department of Aviation Tedrology at Purdue Uhiversity is
dedicated to enhancing safety, it has develaeed a matrix for doserving, measur-
ing, and amalyzing the arrent safety status of Purdie aircraft. 2As an initial
step, aircraft operators in conjunction with maintenance tedmicians developed
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the “Airplane Discrepancy Analysis Matrix (ADAM) ,” and have utilized it in mery
ways. A few exanples are: safety menagenent of flight cperations, pre-flight
instruction, menagenent of aircraft maintenance, strategic plaming irvolving
budoeting ard insurance, ard aircraft life cycle.

Basically ,ADRM displays the discrepancies of all Purdue Uhiversity airplanes
in a hierardy of aircraft type (Figmre 1). CQrorently, ADEM consists of a data-
base that includes aircraft and maintenance historical data from the past three
ard helf years of Purde aircraft activities. The basic components of the ADAM
database include airplane flight time, age (months), mmber of discrepancies,
description of discrepancies, and level of discrepencies. These data are col-
lected an a monthly basis and updated by the fifth day of the following month.

Purdue Aircraft (26)

Turbine Flight Supervised
Operations Flight
Operations

Duchess Piper Piper Cessna
Arrow Warrior

I I

550
66348 530 551 888
Beechjet 400 (1) 762JT 531 552 548
KingAir 200 (2) 532 553 549
coa 553

555

556

557

558

559

560

561

562

563

Figure 1. Coposition of the Matrix

Once raw data from each airplane are collected and entered into the matrix,
ADMM autamatically calculates the history of discrepancy reporting for each
airplane. It includes the cumilative rmumber of discrepancies and cumilative
prdoebility of discrepancies. It is the prdoability of discrepancy thet holds sig-
nificant pramise. If a student reviews a printaut of the metrix and discovers that
there is a histary of discrepencies irvolvirg the altermator/generator or the air-
craft radios then that student can review the appropriate emergency procedure
to better pragare for the intaded flight.  To aid in the overall uderstanding of the
matrix, all of the historical data are shown with respective graphic charts that
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create viselly 11lustrated trads.

As somn as the updating of discrepancy data for individual airplanes is con-
pleted, the data are autaretically transferred to the first categorized airplane
groups, which represent each type of airplane such as Piper Warriors, Piper
arrows, or the Duchess. Data in the categorized airplane group will sumerize
all the discrepancy data fram each airplane belaging within the respective cat-
egory -

Next, the first airplane group data goes to the second categorized airplane
graus. These groups represent Student Flight Instructions (SFI) and Turbine
Flight Operatians (TFO). At this level, all the data fram each airplane are sun-
merized into two categories: discrepancies of the flight instruction airplanes ard
discrepancies of wniversity flight qoeratians.

Firelly, all data that are sumerized by the first and second category will be
sumed ard analyzed at the level of all Purdue aircraft. This level shows the
overall picare of all Brdee aivplanes’ arvat histarical data including flidtt time,
nunber of discrepancies, type of discrepancies, praosbility of discrepancies,
visual tracking graphs, and so an.

Data, which has been created for demonstration purposes, has been in-
cluded in (Chart 1) of the appendix and is a display of possible maintenance
discrepancies. The informetion that can be gathered from this chart includes
the varicus types of maintenance discrepancies that are tracked, the total rum-
ber of class 1, 2, or 3 discrepancies ard the praoability of the class 1, 2, ar 3
discrepancies occourring at any given point. This informetion can be derived for
a given math, moths, or for the entire year. Once the data has been entered,
it is autaretically graphed to digplay the trends of the total discrepancies and
the praoebility of the discrepancies for the given maths (Figures 2 & 3) .

80
70
60

e
P

10

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

—6—CLASS 1
—8—CLASS 2
CLASS 3

Figure 2. Total Nurber of Discrepancies
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Figure 3. Prdoability of Discrepencies

Arother unique feature of ADAM is that each of the collected discrepancy
data are designated into a division of systems which were categorized through
intensive discussions between management of flight operations and airplane
maintenance persomel. As mentioned earlier the divisions are named as class
ae, class two, ard class three discrepencies. Class 1 discrepancies are di-
rectly related to flidght gperatians such as power plant, electrical, or naviggtion
aid systems. Class two discrepancies add airplane lighting systems to class
ae discrepencies. Class three discrepancies describe all airplane discrepan-
cles. For exanple, if an airplane had a megneto prdolem diring a flight, this
discrepancy would belong to the power plant category and designated as a
class one discrepancy.

Sare discrepancies tracked by ADAM are considered more important than
other discrepancies. Engine failure would be considered more important than a
discrepancy of the passenger safety belt locking system. However, we carmot
ignore either of those discrepencies and, in both cases, the item would ke fixed
priar to the rext flig.

O the maintenance side, sore amount of effort will be required to fix a
discrepancy, even if it is the chenge of a bulb or an ergine replacenent. Data
from ADAM also will be useful in evaluating how mary work force hours are
required, in average, for the service of air goeratians.

For flight memagement, data from 2ZDEM will help to evaluate the level of safe
geeratians relating to the varicus aircraft. The data also can ke used to predict
how reliable ard servicesble the airplanes have been over a given period of time,
as well as provide budgeting insidght.
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For fligtt instruction purposes, flight instructors and students can review the
dota of ADAM for the assigned airplane, and acquire preflight knowledge of
repeated or receant mejor discrepencies of the airplarne. For authentic flight
emergencies ADAM can help pilots determine possible causes of the problem
ard therefore assist in pilot decision-meking.

Airplare Incident Analysis Matrix (ATAM)

The ADAM database approaches the idea of the safety culture with a proac-
tive method of preventing maintenance-related discrepancies from becoming a
polem in fligt. A system to track airplane incidents that are nomeintenance-
related also is required to achieve a holistic aporcach to risk menagament. As
a secondary step to ADAM, the Airplare Incident Analysis Matrix (AIAM) was
created to track these occurrences.

Basically, ATAM displays the discrepancies for an entire fleet of training air-
craft ard allows the infometim to be displayed in a graphical formet so that
trends and foous areas can be identified for targeted intervention. The informe-
tim that is gathered for the dataase includes basic information such as the
date, time, student ard instructor (if dual) rnames, type and N-unber of aircraft,
the type of flight gperation arnd basic weather doserved at the time of the coour-
rence. More detailed information is gathered such as a basic description of the
ocaurrence ard a detailed “walk-through” of how the event transpired as viewed
from the pilots inmvolved and any doservers. Both the basic and nore detailed
information is collected and a determination is made as to what type of occur-
rence category would apply . The possible categories are:

A - Accident

B - Aircraft Damage

C - Unauthorized Departure

D - Runway or Taxiway Incursion
E - Comunication Error

F - Judgment Error

Data, which has been created for demmstration purposes, has been in-
cluded in (Gart 2) of the appendix and is a display of possible aircraft prdolem
occurrences.

After all of the data has been collected ard irputted into ATAM, the database
autamatically displays the trends of occourrences in graphical form for various
variables. Figure 4 displays the overall mxthly coarrences ard trends for all of
the occurrences; while Figure 5 displays the type and percentage of occur-
rences for the whole database. These two graphs can be utilized to determine
the effectiveness of a particular method of risk menagement that has been inple-
mented or to determine focus areas for particular prablems.
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Figure 5. Type and Percentage of Occurrence

Figure 6 displays the rumber and percentage of occurrences that happen on
various days of the wesk. Figure 7 displays whether the flight was dual or solo,
Figure 8 & 9 display what type of geeratians were being caxducted. Informetion
fram these four graphs can be utilized to illustrate the importance of increased

vigilance for a partiadlar day ar goeration if a trerd is doserved.
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Figure 9. TFR / VER

All of the informetion gathered by ATAM can be utilized by safety conscicus
individuals to target ard eliminate pradolam areas in a flight training situetion
where the possibility of ococourrence is higher.
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Appendix
YEAR TO TAL AVERAGE| REMARK
TRACKED MONTHS 12.0 Jan Feb Mar
PWR PLANT 102 8.50 2 7 9
FLT CONT 12 1.00 0 2 2
STRUCTURE 16 1.33 0 1 0
L/D GEAR 57 4.75 5 16 4
ELECTRICAL 37 3.08 PER 3 5 1
COMM / NAV 56 4.67 MONTH 3 4 2
INSTRUMENT 55 4.58 3 7 4
FUEL 15 1.25 3 2 2
LIGHTING 55 4.58 0 8 11
OTHERS 142 11.83 8 23 17
FLT TIME 17059.4 1421.62 1215.2| 1944 1798.3
CLASS 1 350 29.70 19 44 24
NUMBER CLASS 2 405 33.75 PERMONTH 19 52 35
CLASS 3 547 45.58 27 75 52
CLASS 1 0.26 0.02 0.02 0.02 0.01
PROBABILITY|CLASS 2 0.30 0.03 PERMONTH 0.02 0.03 0.02
CLASS 3 0.41 0.03 0.02 0.04 0.03

Aor May Jun Jul Aug Sep Oct Nov Dec
13 8 11 8 3 11 14 9 7
1 2 0 1 0 1 1 2 0
1 0 1 0 1 3 6 2 1
1 2 5 5 3 4 7 1 4
5 7 5 2 3 1 2 1
3 1 7 8 3 2 13 6 4
6 2 6 3 5 12 4 2
1 1 1 1 0 2 1 0
6 3 3 4 4 3 5 6 2
9 9 8 7 13 12 15 11 10
2036.8 701.2 1044.5 1199.6 1140 1435.5 2185.2 1700.1 658.5
31 26 36 28 18 36 45 27 19
37 26 39 32 22 39 50 33 21
46 35 47 39 35 51 65 44 31
0.02 0.03 0.03 0.02  0.02 0.03 0.02 0.02 0.03
0.02 0.04 0.04 0.03  0.02 0.03 0.02 0.02 0.03
0.02 0.05 0.04 0.03  0.03 0.04 0.03 0.03 0.05
Chart 1. Maintenance Discrepancies (Overall)
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1 Date SAT 12:45 E Comm Error

2 Date MON 3:20 C Event Depart

3 Date FRT 4:00 F Judge Error

4 Date SUN 1:30 B Aircraft Damage
5 Date WED 9:30 D Rwy Incursion

6 Date SAT 12:05 B Aircraft Damage

Entered Class C airspace without 2-way comunication *Hyperlink to details
Used wauthorized airplane for solo flight *Hyperlirk to details
Flew to wrong airport *Hyperlink to details
2/C rolled ard hit another A/C *Hyperlink to details
Failure follow GND instruction & entered unauthorized R/W *Hyperlirk to details
A/C wingtip hit a truck parked in grass while taxi back *Hyperlirk to details

Student 1 Piper Nk
Student 2 Piper Nk
Student 3 Piper Nk
Student 4 Tnstructor 1 Piper Nk
Student 5 Piper Nk
Student 6 Tnstructor 2 Piper Nk

VFR cc SOLO Clear 7 Calm
VFR GND SOLO Clear 6 070 @ 10
VFR cc SOLO Clear 7 120 @ 13
IFR GND DUAL 2000 Bkn 4 130 @ 9
VFR GND SOLO Clear 5 Calm
VFR GND DUAL Clear 6 260 @ 16

Chart 2. pirplare Accident/Incident Zralysis Matrix (Overall)
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Abstract

This article lends further credence to the important role psychology
plays generally in education, and particularly in curriculum design.
One basic dimension of personality is cognitive style, which influ-
ences virtually every aspect of human life. This article deals with
Adaption-Innovation (A-1) theory of cognitive style, which is one of
many ways to measure style and does so on a continuum from
highly adaptive to highly innovative style preferences. In this avia-
tion education application of A-I theory, it was found that aircraft
pilots and pilot trainees had a distinct cognitive style preference in
that they were a fairly adaptive group when compared to popula-
tion norms. This fact has implications for curricular design which
are discussed herein.

Introductian

As an aviatio professiarl, having been irvolved in aviation education for the
last several years, this author has fourd it to ke ane of the most rewarding and
dallenging experiences in the field of aviation. Those involved with education
know the importance of contimal curriculum design that often evolves alayg
with the instructor s knowledge of the subject. Two of the other drivers of the
curriculum design should ke the needs and uniqueness of the leamer. One way
leamers can be distinguished is by means of their coognitive style.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502, P.O.
Box 25082, Oklahoma City, OK 73125.
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Coonitive Style

Coonitive style, which can be measured in a variety of ways, while related to
leaming style, is broader in sagpe. Each individual has their omn unique cogni-
tive style, a basic dimension of humen persanality; a means by which that
individual orgenizes information, solves prdolems, manages change, and com-
mmnicates with others. Effective instructional designers at least should am-
sider the potential impact cognitive style might have an the teaching/learming
process.

Tre fact thet instructio thet is tailared to the leamer’s coonitive style pro-
duces more ef fective leaming is beyod question. As one exanple, research
conducted by Carrell (1992) at the University of Wisconsin-Oshkosh examined
the relationship between cognitive style and comunication style among sec-
adary education students ard teachers. The most significant finding was that
there was a significant main effect of coognitive style an student evaluation of
teaching indicating, in her analysis, that “a match between pattems of thinking
in teacher ad student mey actually affect leaming; causing the student to
kelieve that instruction which cares from his/her own perspective is more effec-
.U'_\e‘ll

Using an exanple fram aviation, Bowling Green State University researcher
Quilty (1999) noted that “the ability to use different cognitive processing styles
has inplications an instructianal tedmiques related to [(RM ard new pilot train-
ing] .” He went an to state, “it is suggested that comumication, coordination
ard task campletion can be optimized if cognitive preferences or biases are
understood and appropriately considered in teaching CRM concepts.”

A-T Theory

One powerful measure of cognitive style was described by A-T theary (ad its
associated inventory) . This theory and its associated thirty-three item inventory
(the KAT) was developed by Kirton (personal commnication, September 2, 1999)
while working in the field of orgenizatiamal behavior in the mid-1970’s. Kirtan
described preferred cognitive style in termms of a single dimension, with hicgh
adaption on ane end and high irmovation on the other. Those who have more
adaptive preferences preferred a greater anount of structure as they aporoached
and dealt with prdolems while those who have nmore imovative preferences pre-
fer less structire. Within the theary this preference for structure lies alayg three
kasic dinensians: Style of ariginality, syle of ef ficiency ard style of rule/group
conformity .

Style of Originality

This relates to an individual’s preference to generate origiral ideas in prdo-
lem solving. Trdividuals whose style is more adaptive prefer to generate a lim-
ited runder of novel or arigimal ideas ard to focus m those that they aonsider to
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e the most effective. Those with a more irmovative style prefer to proliferate
ideas until the most novel approach is fourd.

Style of Efficiency

This relates to an individual’s preference for organizatiaal or system struc-
ture as it relates to acoorplishing a task. The nore adaptive preference here is
to work within a given structure to attenpt to solve pradblans within that struc-
ture while the nmore imovative preference here is to work cutside or push the
limits of the existing structure is arder to achieve prablam solutimn.

Style of Rule/Group Conformity

This relates to operating within the confines of organized rules, norms, ard
group consensus. The more adaptive preference is to attempt to solve prdo-
lans within the anfines of existing rules and procedures, while the nore irmo-
vative preference is to go autside the rule boudaries to achieve resolution. As
individuals interact arnd solve prdolars in their daily envirament, they cperate
within their preferred cognitive style and tend to seek aut groups ard interact
with people wo exhibit the sare style (Kirtan, 19%4b). If an individual is re-
quired to goerate autside of the preferred style by interacting with an individual
or groups who have a different style, the individual may need to enploy “ooping
behaviors” that require an amount of effort related to the degree of difference,
ard becore a source of stress for the individual. Thus it can ke said that aoping
behavior is relatively expensive fram a psydological starndpoint (Kirtan, 19%4a) .
Tt has been shomn that if this difference in mean KAT score differs by at least ae
standard deviation or more, aoping behaviors will have to be “toumed an” causing
the potential for cammication difficulty ard interpersoal anflict (Kirton & De
Ciantis, as reported by Kirtan, 1999) .

The differences in cognitive style preferences are known as cognitive gaps
and nmust be managed in order for effective prdblem resolution. Cognitive gaps
that are not recognized ard effectively menaged will often lead to frustration of
the arigiral effart ard, at tines, the aoplete disfunctiaality of the grop. Gog-
nitive gaps can exist between two people, two groups of pecple, between a
person and a group of people, or between a person and the requirements for a
pertiadlar task.

A-T theory is based an several assuptians. First, all individuals have a
preferred cognitive style which is not necessarily always linked to their doserved
behavior . n individual often may ke required by their situation or ewvirament to
behave in ways that are aotrary to their preferred style. This process is, aggin,
known as ogping behavior and all individuals mist engage in ooping behavior at
different times in their lives, the degree to which degpends upm their owmn pre-
ferred style ard the requirements of the perticular situatiom.

The second assumption concerns the important distinction between cogni-
tive style ard coognitive capacity. Cognitive capacity is often described in tems
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of “high” ard “ow,” relatirg toa¥’ s cognitive ability suchas 1.0. level. Goognitive
capacity often is measured alag a vertical scale with hicgh considered as pref-
erable ard visa versa. Cognitive style frequently is thought of as being mea-
sured an a horizontal ootinum from left to right in non-pejorative terms as it
relates to a¥’s preferances. This is similar to a left-handed persm preferring to
work with the left hand as goposed to a right-handed person.

Thirdly, chenge is a aconstant process to which all individuals nust be at-
tuned ard in this progess individuals will bring their omn preferred cognitive style
to bear in respanse to that change.

Foxrth, A-T theory aroraces the conoepts that creativity, prdolem solving,
arnd decision meking are all aoncepts which are closely related to cognitive
style ard all humen beings engege in, and are adept at, all three according to
their omn preferred conitive style.

Fifth, all huen-driven chenge inplies sore degree of structure. 2n ab-
saxe of all structire is decs.  The distinctio in A-T theory is the amount of
structure preferred by a given individal in ader to functim.

A-T theory wes selected for this study for two reasans.  First, this theory’s
accurate description of humen interpersonal dynamics is well docurmented by
the fact that, when measured by the KAT irwventory, people report seeing the
described adaptive/immovative characteristics played out in their own lives
(Barrtert, 2002) . This is in additim to the fact thet the validity ard reliability of
the KAT are well established. Secadly, little work has been doe using the A-
I theory in the field of aviation and the researcher felt there was a need to tie in
what is known about A-T theory to aviation. In the anly known goplication of KAT
theory to aviation “Cognitive Style and Ieaming Performance of Adaptors and
Trmovators, ” Pounds and Bailey (1999) discovered that high adaptors performed
better than high imovators an air traffic cotrol tasks requiring strict adherence
to niles of a given scenario, a fact that fits nicely with known KAT theory .

Associated characteristics of A-T theary are listed in Appendix A, Tn addi-
tan, Appendix B ontains a list of average KAT scores by profession based on
the literanre.

Purpose of the Study

The purpose of this study was to determine the influence of cognitive style,
as measured by A-T theory, in an aviation flight-training eviramet.

Research Question

What is the KAT coonitive style score profile for this sanple of aviation flight
professianals ard trainees?
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Data Collection and Methodology

Resource and access factors necessitated the use of a purposeful sample.
Pursuent to that ard to the above, current students ard alumi (having gradu-
ated within the past five years) of Indiana State University ‘s Professiawnl Pilot
degree program had the KAT administered to them. The Indiana State University
(ISU) professional pilot program represented an average size undergraduate pi-
lot education program in the United States with approximately 200 students
(A, 1999) . Data collection progressed from Octdoer 2001 through early March
2002. Current students had the KAT administered in a classroom setting while
alumi were handled through the meil. All were voluttesrs. The Data Collection
yielded 164 responses of 347 surveys distributed for a respanse rate of 47 per-
cent. Of these respandents, the average age wes thirty years. Ninety-two
percent of the respondents were nmele and seven percent were famale. Aporoxi-
mately 100 of the student responses were current students; the ramainder were
alumi. Of the alumi, 87 peroent were erployed actively as a pilct in industry;
the remainder were from other career fields.

Results

The KAT score profile for all of the respandents was norelly distributed and
the results are sumerized in Teble 1. Note that the mean KAT score for the
total respaodents, which is the overall KAT score, wes more irmovative then that
of the alumi, the mejority of which are enployed pilots. The average overall
urpaired student score was relatively unchanged from that of the general popu-
lation. This data suggested that most employed pilots had a markedly more
adaptive cognitive style preference than the overall U.S. population and that
students in general had a more imovative preference than their industry-em-
ployed carterparts. Also, note that the range of scores was narrower than for
the overall U.S. pooulation. Table 2 is a breakdown of alumi KAT scores by
gender .

Table 1
Respondent KAl Score Detail
Toal Paired Unpaired Unpaired Overall
Respondents Respondents Students Alumni Us
Population*
N 164 78 42 e 214
Mean 92.21 92.18 94.52 90.24 94 .98
KAT Score
Standard
Deviation 15.21 14 .44 14 .45 17.24 15.90
Range 62 - 135 62 - 135 65 - 127 65 - 130 44 - 147
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Teole 2
Alumni Score Detail- all are employed pilots

Alumni Male Alumni Female Females- Males-
(Employed (Employed Alumni General General
Pilots Only) Pilots Qnly) (Employed Population' Population®
Pilcts nly)
N 40 37 3 242 290
Mean
KAT Score 90.66 90.16 97.00 90.84 98.12
Standard
Deviation 16.10 16.42 11.53 17.82 16.75
Range 65 - 130 65 - 130 84 - 106

'Kirton Marwal, p. 69

Discussion

The findings comtained herein were significant because this was the first
study to examine the cognitive styles, as defined by KAT theory, of those in-
volved in collegiate aviarion educatian, as well as of those aviation flidht profes-
sigals arrently in the field. This infometion can now serve as the kasis for the
application of sare of the other important aspects ard inplicatians of KAT theory
in the fubre.

Tt is important to note thet this graup of arrent arnd future professianls was
more adaptive, and had a smaller range of scores than the general population.
Of the 38 (aut of 44) Indiana State University Aerospace Technology alummni
respadents who were actively enployed as airline pilots, it was noted that their
average overall KAT score of 90.24 was even nore adaptive than any of the
sanples taken for the entire survey. This was an expected phenomenon as
given by mumerous cawersations with Kirton regarding these results.

For the aviation ewirament, this informmation provided a valuable link to the
larger bady of KAT ard cognitive style literature that might ultimetely have inpli-
catians for aviation ad flight-training safety . As educators, it wes important for
those irwvolved to be aware that, as a wole, they were dealing with a fairly
adaptive group, certainly in terms of students, and nost prdosbly faculty as
well. As further evidence, the range of scores showed that in aviation training we
were dealing with individuals with a more narrow style preference than when
conpared to the overall U.S. population especially when considering that the
range of scores in aviation training was somewhat skewed on the irmovative end
by two or three individuals, as can be seen by examining the mean fram Table 1.
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Implications for Curriculum Design

Tnplicatians for arriaulun design in collegiate education were that the over-
all preferences for the students in this study were courses and assigmments
thet were highly structured in nature due to their cognitive style. ITndividuals wo
have KAT scores in the range of the students in this sanple prefer assigmments
that are more tightly menaged and contain clear examples and guidelines as
well as a clear set of expectations for satisfactory aopletion of these assign-
ments. Assigments that are loosely structured will be a souroe of stress for
students with these scores.

Trterestirgly, merty of the students in ISU' s collegiate aviation program re-
ported that their general education requirements were burdensome and marty
reported disliking them altogether . Anecdotal evidence suggested that the aver-
age overall KAT score for college professors across the board is a more irmova-
tive score (@ the order of 110 - 120) . This is a larce conitive style dif ference
fram the average collegiate aviation education student score ard the “coonitive
gep” that occurs here might help to explain sare of reported tension and dis-
lie.

Also of interest was the average KAT score of all aerployed pilots. Individuals
with a higher Adaptive style had a preference for a fairly high degree of task
struchre an the jdo.  This is certainly the case with flyirg aircraft. A gld? s jdo
very much irvolves following checklists, procedures, and cperating within the
axnfires of a tightly coitrolled ard hichly structired air traffic system. The
researcher has gpoken with pilots who score an the Tmovative end of the scale
and who feel very much aonfined and stifled by such a system. Concerning air
safety (an area of expertise for the researcher), as the aviatio safety record
bears, these adaptive preference pilots were very well suited to dealing with
foreseen difficulties (for which there is already a prescribed procedural remedy) ,
which describe the vast mejority of aviation safety-related ocourrences. Con-
versely, pilots as a group who have these KAT scores may not be as well suited
for dealing with situatians for which there is 1o prescribed procedure.  Such
situations do ocour, althouch rarely. Of practical significance here, is far those
in aviatim training and arriaudlun design to specifically aocentrate an training
which helps pilots ogee with the vague ervirament of an occurrence for which
there is no prescribed procedure.

Gender Differences

Irother item of note thaet is seen in Table 4 of Chapter 4 was the socore
disparity between male and feamale pilots. Although the small sanple here
precluded any generalizations to a larger population, it would ke interesting to
Cetermire if the score difference in this sanple would hold tree in a larger sanple.
These preliminary findings suggested that female pilots tend to have a more
imovative style preference as a group than do their male comterparts. Rea-
sans for this could be the subject of another project. n the other hard, the
average score for U.S. males was 98, sarewhat more immovative than the gen-

Adaptation-Innovation Theory of Cognitive Style in Aviation

111



112

eral population average (KAT Feedoack Booklet, 5). Comparing the male pilot
alumi overall score of 90.66, it can be seen that meles who choose this profes-
sion have a markedly greater tendency towards an adaptive preference than do

meles in the general population.

To conclude, the researcher hopes that this swell bit of information can aid
the aviation educator to better design instruction as they aansider the cognitive
diversity of their sodats.
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Pppendix A

Greracteristics of Adaptors and Innovators

Characteristics of adaptors and imnovators
(Adapted from the KAT feedback bocklet, M.J. Kirton, 1999)

ADAPTORS

INNOVATORS

Perceived Behavior

In Prdolem Definition

In Solution Generation

In Policy Formulation

In Orgenization

Sound, conforming,
safe, predictable,
inflexible

Acoept as defined,
prefer to limit disnytian,
need to see short term
beefit

Prefer a few novel,
relevant ard acoeptable
solutions aimed at
improving what’s
exdisting

Prefer well established,
structured situatians-
good at incorporating
new ideas into
established situations
Essential for agoing
functions ut have
difficulty with dence
in movirg aut of

Glamorous, exciting,
wnsourd, impractical,
risky

Reject gernerally
acoepted definitians,
lock at lag term gains

Prefer murerous

ideas possibly not
appearirg relevant,
prefer to do things
differatly

Prefer less structured
situations- use new
ideas to create new
structures- accept
gregter risk

Essantial in times of
change but have tradble
applying themselves to
angoing orgenizatianal
demands
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The Principle

Problem of Large

The Advantage
of Large Gaps

Groups need

both adaptors
and innovators
to be effective

over time

The larger the
gap between
people’s
scores an the
KAT, the greater
the problem
communicating
and collaborating
even if both are
adaptors or
Irovatars, it is
the gep size
which is the
problem not
location an

the scale

Bridgers

The wider the
difference the more
effort and tolerance
is needed to stay
together ut the
grester is the
group’s breadth
of prablem

salvirg

Coping
Behavior

Leadership
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Small Gaps

Adaptors arnd Trrovators in Gollaboration

The narrower the
thinking diversity
range, the more
limited the range of
problem solving
potattial; within this
range high

norm

Those who happen
to have an
intermediate score
within a group-

may be helpful in
bridging the gep
between two sides

Allows pecple to
play successfully
a role to which
they are not
maturally suited-
creates stress and
over lag pericds

Good leaders ask
for minimum coping
behavior most of
the time and get
offered maximum

a aisi



Appendix B

Occupational KAT Norms

Occupational Group Mean KAT Score Studies (Kirton, 1999)

Occupaticnal
Group

Apprentices
Bankers

Clerical Staf £

Managers
Managers
Managers
Managers
Managers
Managers
Managers

R&D Prof.

Members:
Committees

for Community 2dilt
Ed. Program
Education
Personnel

Bank Management
Trainees
Teachers
Teachers
Teachers
Teachers

Nurses

Nurses

Nurse, Chief
Administrators
Doctors- Gen. Prac.
Engineers

Country N
UK 624
US/UK/Italy 217
K/ Ttaly 205
Singapore 75
Singapore 695
UK 79
UK 88
Tely 207
UK 93
UK 192
USA 256
USA 208
UK 79
US /UK 127
USA 430
USA 202
USA 80
UK 182
USA 77
USA 60
USA 147
UK 180
800

Mean

83.6
91.3

89.2

95.0
96.3
9.9
97.1
99.3
98.5
102.2

100.9

101.9

103.0

97.6

95.0
97.0
101.4
94.5
92.2
92.3

108.9

91.9
96.81

S.D.

9.8
14.

16.

12.
11.
16.
16.
17.
14.
14.

15.

17.

16.

12.
14.
14.
18.
14.
12.

12.

16.

0

N W b VR W o

o WOV N B O 0

Author

Flegg (in Kirtan 1994)
CGryskiewicz et. al.,
1986; Holland 1987,
Prato Previde, 1984
McCarthy 1988, Prato
Previde, 1984
Thomson, 1980
Thomson, 1985
Kirtan, 1980

Kirtan, 1980

Prato Previde, 1984
Lowe & Taylar, 1986
Davis (in Kirton &

Pender, 1982)
Keller & Hollard,
1987a

Cutright & Martorana,
1989

McCarthy, 1988

Holland, 1987

Pulvino, 1979
Dershimer, 1980
Jorde, 1984
Kirta et al., 1991
Ligman, 1991
Pettigrew & King,
1993

Adams, 1988

Salidoury et. al. 1998
Kirton, 1999
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Aviation safety depends on accurate pilot-controller dialogue. Both
must be able to negotiate meaning through language at all times.
Communicative competence in aviation English means that air-
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serve as a framework for subsequent discussions on language
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The Critical Components of Aviation Eglish

Intemetiarl air goeratians aontirue to increase in 2003 as industrial powers
expand their custarer base and ererging countries move aggressively into the
merketplace. In the United States alane, according to the Willer Sith Associ-
ates (as cited in Heimemen, 1997), the aviation industry contributes about five
percent of the armmwal U.S. gross dovestic product, and there are strong eco-
nonic incentives to maintaining a safe ard healthy civil aviation industry . Along
with the increase in air comerce activity, there is the push to expard system
capecity by increasing air traf fic dasity . As the rumays ard airways get busier,
the need to comnicate ever more efficiently and accurately also is miltiplied.
The issue of efficient commnication in the aviation context is carplicated by
the fact that the participants in the aarplex gldoal system represent multiple
ethnicities, languages, ard aultures. According to Day (2002), “Language is an
imperfect medium for commication, but with awareness of basic linguistic
principles, geerating persarel can be motivated to adhere more closely to stan-
dard phraseclogy in all air-ground redio exchanges, thus enhancing safety” (p.
2).

Tt is now becoming camm knowledge that pilots ard air traffic controllers
must be comunicatively cormpetent in English as a language, not just the
specialized jargm used in air traf fic aatrol ATC) comunications. This new
realization has caused an urgent need for English language proficiency stan-
dards both in dorestic as well as gldmal aviation. Since discussions about
proficiency in aviation Bglich will aily intensify in the rear fubare, it is inportant
that all interested parties have a comm wderstanding of the underlying terms
and concepts that relate to the developrent of minimm proficiency standards
in aviation Fglish. This agplies equally to native and namative Fglish spesk-
ers.

This article will examire the role of the English language within the aviation
axtext, partiadlarly as it relates to the pilot-aotroller dialoge. Our gal was
to explain the role ard function of BEglich in this dialoge. We will identify the
three distinct areas of language use that, when taken together, fam the basis of
English proficiency for safe comunications:

1 ATC phraseology
2 English for Specific Purposes (ESP)
3 English for General Purposes (EGP)

We will discuss the role of Eglish as a lingua franca of today’ s business world
ad its inplicatias oy gldoal aviation. Firally, we will of fer a framework, a
camm frame of reference, for further explorations and discussions on lan-
quage ard aviatim.
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Figure 1. pir Twf fic Control Phraseology — Assunption: ATC phraseology con-
tains most, if not all, the phrases needed for standard routine aviation proce-
dures. The phraseology is expected to suffice in most emergencies.

Background

The ATC is in existence to resolve amflicts between participating aircraft.
Elaborate systems define procedures and the system works well. When pilots
ad air traffic aotrollers spesk to ae ancther in the professiawl aotext, it
usually takes place in prescribed, coded language, called ATC phraseology
(also known as radiotelephay) as shown in Figure 1. This phraseology is used
raatirely all over the world allowing pilcts to fly across lirguistic as well as
natiawl boudaries ard still be understood by their foreign peers.

Nature of ATC Communications

Although dif ferences between the ITntermatiawl Civil Aviation Orgenization
(IC20) ard the Federal Aviatim Administration (FAA) phraseology do exist, the
similarities far aumweich the discrepancies. It is inportant to note thet the type
of language which is supposed to be used in the ATC atext is not tied to any
pertiaular aulture or local vardiety of Eglish. It is the mutually agreed upmn ard
studied variety of language that uses Frglish as its basic structure but focuses
solely on camunicative needs in aviation.

Arother feature that separates ATC phraseology from general (also known
as natural or plain) language is that the usage is standardized and non-idiam-
adc. All aircraft flying in cotrolled airspace adhere to certain standard proce-
dres. These operations have accompanying standard phraseology, thereoy
allowing all the perties in the air and an the grord at ary given tine to stay
informed abaut the progress of the flight. All the prescribed and predetermined
expressians used in this oontext are self-cotained arnd limited to the set sanc-
tianed by the aporopriate aviation authority . The Air Tef fic Catrollers’ Hand-
bock, 7110.65 (@ir Tif fic Cotrol Services, The Federal Aviatio Administra-
tion), contains extensive listings of words, phirases, and sentences to be spo-
ken in a myriad of sittatians. As the airspace is increasingly busy, teeislittle
time for friendly chatter or cawentianl politeness and niceties, althouch they
do occur .
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Most veterans of the skies seem to ke able to understand ane ancther’s
intents with amazingly few miscomunications. 2As reported by Mell (http://
www.ilcao. int/arb/sg/pricesg/background/OotB.htm), this conmmicative suc-
cess is larcely due to three factars: the use of intenmariaelly recognized phrase-
olaogy, a restricted rinboer of topics, ard the predictable ard repetitive natire of
the comunications.

The phrases used in the radiotelepharty context are designed to meke the
comunicative function between the groud ard aircraft as concise ard brief as
possible, with the enphasis on accurate oontent as goposed to linguistic form.
The brevity and conciseness of the comumication is accomplished partly by
using formulaic and predetermined sentence fragments as opposed to com-
plete sentences. Typically, grammatical merkers, such as determiners (the/a)
ard auxdliary verbs (be) are deleted, this feature meking the ATC communica-
tions markedly different from natural language. Exanple:

American Airlines flight 54, turn left heading 100, intercept the local-
izer and proceed inbound, cleared for the ILS approach to 13 Right,
maintain 2,200 until established. Contact tower on 120.6 at NOLLA.

The beauty of the ATC cammication is that all parties know what is ex-
pected of them in terms of their performence-related procedures, both tedmical
ard linguistic. Thus, those who undertake aviation studies with the goal of
either flying or directing traffic will mamorize this standard gwaseology in -
glish, whether they speak the language as a native or not. However, airtef fo
camnications cutside the United States do not always take place in English

Limitations of ATC Phraseology

Within national borders of other countries, when pilots and ground station
persarmel share the same language, the commication may take place in their
native language. However, when pilots or aantrollers do not share the larnguace
of the grourd station, both parties are expected to camunicate in Englich,
using ATC phraseology. Using this practice, all infometiom relayed between air
traffic ard the aircraft use laguece that is carprehensible to all those inki-
mately irvolved in the goeratians. To further assure the safety and ef ficiaxy of
intermatianal air cperations, ICRO menbers in March of 2003 directly addressed
the importance of this issue by elevating the use of English from a recom-
mended practice to the standard practice (B. Day, personal conmunications,
March 5, 2003) .

(e dovious challenge in pilot-amtroller dialogue for both native speakers
and nomative speakers is the memorization and mastery of the ATC phraseol-
ogy. To improve comumication between both groups, Mathews (2001) ob-
served that “the need for closer conformity to standard phraseology and for
greater care in commication on the part of native and non-native speakers
alike becores readily apparent” (p. 26). The frequent use of informal language
in place of standard phrases is an area of cowem. This practice relates to
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persanl usage of larguage rather then persaal ability in language and requires
discussion autside of the proficiency issue.

All rovice aimen (in this cotext we mean pilots ard air traffic coatrollers)
begin at the same place, not knowing what the phrases are and how to use
them. With practice, they eventually kecare fluent in the use of ATC phraseol -
ogy . The dif ferences ard limitatians that ultimetely everce in a partiadlar aimen’ s
ability to commicate correctly ard ef ficietly with ATC can partially ke attrib-
uted to frequency of practice and quantity of experience. Other factors such as
timidity, fear, and arxdety can also have a negative ef fect on comumicative
success.  The goal at all times is the proper use of ATC phraseology and that
goal, excluding any uusual circunstances, is achievable.

English for Specific Purposes

Background

For pilots and controllers to successfully send and receive messages fram
ae to the ather, they are expected to use and understand their comon, shared,
and standardized medium of commumnication: the ATC phraseology. The al-
ready mentioned ATC Controller 's Handoook covers, as Villaire (1994) roted,
“almost every situation, instruction and cammication request imeginable, and
each paragraph is based on information bought and paid for by soreone’s di-
saster.” Much mamorization and recall is required to be able to produce the
appropriate phrase each time.

Besides mastery of the phraseology, pilots and cotrollers also need an
intimate understanding of their area of study with the related tedmical ard prac-
tical agolicatians. VWhen pilcts ard air traffic antrollers first ettark an their
regpective studies, they enter a highly gpecialized and tedmical world with its
own language, the ATC phraseology being a subset of the larger whole. Orr
(2002) defined this language, ESP, as follows: “gpecific suosets of the Frglish
languace that are required to carry out gpecific tasks for specific parposes” (p.
1). ESP consists of wocabulary and concepts which are “unfamiliar to most
native and namative speakers and thus require gpecial training” (Orr, 2002, p.
1). In the following exanples, camon English words such as base, three
o’clock, ad clear have aviation-specific meanings:

Turm base now, fllavtraf fic at your three o’ clok, cleared far the gotian.
Remain clear of Class Charlie airspace, contact approach on ane two
three point six five.

For pilots ard aotrollers to ke successful in their careers, they must pos-
sess this type of gpecialized literacy. Their studies share marny of the same
topics and themes such as weather, erergency prooedires, radio calls, etc. Tt
is exactly this camm core of shared knowledge that allows pilots and control-
lers to gpeak to ae ancther; they uderstand the specialized world of flying
each from their own perspective. They send messages to each other which are
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primarily related to their inmmediate situation, ard they expect those messages
to ke received and understoad as they were originally intended (see Figure 2) .

Y Communication .

Controller Pilot

- Communication 4

Purpose of Communication

F/gure 2. Purpose of Comunication — Comunication is the process of send-
ing and receiving messages. Comumnication is successful when the sent and
the received messages are similar encuch to trigger the expected response.

Nature of ESP

Like the ATC phraseology, the ESP component of aviation English does not
exist in a vaoum. It is rooted in geeral language. It is the use of the Bglish
larguace itself that gives life to the specialty area. EP carries the specialty
language within its sentence structure, vocabulary, and paragraph orgenization.
The ability to understard text (written ar spcken) in a specific suoject is referred
to as aattent area literacy. Expertise in related fields and shared experiences
meke the cammnication between pilots and air traffic controllers contextually
meaningful .

As with ATC phraseology, airmen must master the ESP jargm. All aimen
begin at the same place with the goal of beocoming fluent in its use through
practice. Here agmin, same of the differences and limitations that ultimetely
ererce in a particular aimen’s ability to discuss topics related to the ESP can
e partially linked to practice and experience. Excluding uusual cirvaumstances,
conpetency in the use of aviation-specific ESP is an achievable goal for most
airmen.

However, it needs to be mentianed that the vast repertoires of linguistic and
tedmical information place a heavy burden an the brain’s capacity to handle
several pieces of infometion at axe. In discussirng the role of carrrollers to
keep aircraft separated fram ane ancother, Villaire (1994) warred thet the isste of
cognitive workload also comes into play.Although autside the soope of this
study, cognitive workload must be factored into the entire equatim.

When recall of discrete linguistic points (including the phrases thamselves

ard the cawventians aontrollers have agreed an) is added to the miltifaceted list
of tasks, successful comunication becores even more demanding. To avoid
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a “lirguistic stall” Mitsutam, 1999), the pilot-cotroller dialogue requires lan-
guage readiness that goes beyond the current assunption that ATC phraseol-
ay is sufficier. It isrct.

ControllerE*Pilot
4 ATC |
(2=

Special Purpose English

L General Purpose English

Aviation English Model

Figure 3. Aviation Frglish Model - ATC phraseclogy remains central to aviation
communications. However, when the phraseology does not suf fice, aimenwill
possess a standard of proficiency in the BEGP that will be sufficient comimi-
cate in all possible sitatians.

Background

Aviation accidents have always fascinated the public, and flying is feared by
thousands of pecple. For mary years it has been recognized that comumica-
tion prdblems are inplicated in meny aviation accidents ard in rumey incur-
sians. Qe of the nost dangercus places for aviators is an the grod. Tn 1977,
the world was shocked by the collision of two, new, giant Boeing 747 aircraft at
Taerife. A Pan Am 747 missed or misunderstood taxi instructions which re-
quired a tum of £ the active rumay at taxiway tlree. At the same time, a KIM
747 initiated a fog-shrouded takeoff in the goposite divection. The two aircraft
met on the active nuwmay with the KIM at approximately 160 Knots. Five hin-
dred eighty two (582) died in the crash.

O'Hare and Roscoe (1994) pointed out that although the vast majority of
flights operate smoothly arnd without incident, misunderstandings between air
traffic catrollers and pilats, ar ketween pilct to pilct, have played a nejar role in
a munber of accidents. A familiar example of anbiguity in cammnication is the
instruction “takeoff power” issued by the pilot to initiate a missed approach
prooedire. In several cases this phrase has been interpreted by the first officer
as an instruction to reduce (take of £) power. Such misunderstandings have led
to the replacament of this phrase by the potentially less anbigucus “go-arourd
power”!

n all of life, wusual and unexpected things hageen ard aviation is no exosp-
tion. Hrergencies crop up, inexperience causes havoc, and other urpredict-
able things coour routinely. This is when the pilot-controller comnication is
put to test. When working together using language, ATC or otherwise, they
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must be able to address the ererging situation quickly, acomately, ard pre-
cisely. Regatly, the aviation cammity, being influenced by cross-disciplined
informetion, has tumed its attention to language carpetency itself.

The ability to cammicate when there is no prescribed script (ATC phrase-
dlay) is crtical to safety. In practice this memns thet pilcts ad air traf fo
amtrollers must have the ability to achieve mutual understanding through the
use of their general language ability to get their messages heard and under-
stood.  Bs Figure 3 illustrates, this ability to negotiate mesning at all times is
the key to commumicative competence.

Communicative Functions of Aviation English

Examining the commnicative fimctions in pilot-amtroller dialogue has re-
vealed the following four categories to be the most daominant (J. Mell, persawal
comumnication, July 5, 2002) :
Sharing informetion
Mereging the pilot-aotroller relatianship
Managing the dialogue

& W

2s Mell explaired it, the ability to trigger actiass is at the care of the pilot-
amtroller exchanges. Giving orders and requesting actians or permission to do
sarething are speech acts that trigger specific responses. Informetion shar-
ing, o the other hard, is related to a¥’s intentians, actians, readiness, or
availability of sarething, etc. Relationship and dialogue management include
greetings, camplaints, parephrases, checking for understanding or canfimetion
of informatian, etc. These actions need to be acoarplished in pilot-controller
dialogee.

Each category described by Mell oontains all the pertinent ATC phrases
which are always to be used first. However, when the situation so requires,
gereral lamguace (A in addition to the ATC phraseology must e accessible to
the gpegker as well. It is this issue of G use that has been prdolamtic in
aviation amtexts. Strict adherence to phraseology is always preferred, ut
situatians arise for which there is no phrase or the phrase needs to ke expanded
upm with real-time informetion.

Proficiency in EGP

The prdolem with comunication perticularly in gldeal aviation is that pilots’
ad air traf fic aatrallers’ abilities to use general Eglish varies amsiderably .
Sare can only parrot the memorized ATC phrases, other are canfortable func-
tianing in Fglish in any situation. This vast discrepancy in aimmen’s Fglish
ability is precisely the reasn for aoxem egpecially of intematiaal flight crews.
As a metter of fact, the cgpability of flight crews and aotrollers in the recon-
mended common language, English, is an unexamined area. It is safe to as-
sure that everyane in the cockpit and tower has mastered at least the basics of
ATC comnication as it is part of ar’s course of study. What cammot be
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assumed, however, is that these sare pegple have basic cowersatianl ability

in general English since it has not been comonly regulated in meny training
mﬂs‘ll e

Recognizing then, even if reluctantly, the need for carmpetency in general
English to conplement the use of ATC has been the driving force behind the
ICRO PRICE (Proficiency Requirements in Common English) Study Group and
the FAA PEC (Pilot English Competency) Working Graup for the last few years.
The task of these groups has been to define the minimm level of proficiency in
English needed to comumnicate safely at all times. IC2O has pioneered the
way by already describing this minimm level of proficiency that facilitares spesk-
ing and understanding English in usual and wwsual aviation-related contexts.
The scale gpplies to native ard nomative speskers of English. This IC2O scale
is published and currently available to be viewed an the IC20 website. (For a
brief description of ae milestae study regarding setting English proficiency
standards, refer to Chatham and Thomas, 2000) .

The Aviation English Model

“Communicative competence specifically in aviation means that pilots, air
traffic cmntrollers, mechanics, and groud crews can exchange important infor-
mation in mitually intelligible messages” (Mitsutami and O'Brien, 2001, p. 4).
For aviation commication to be successful, the following is assured: mes-
tery of professiaml jargm or phraseology, including standard situatians and
standard procedures. The ATC phraseology contains expressians for all of the
above functians, ard they work very well most of the time. But for those times
when the ATC phraseology does not “do the jdb,” the call is aut to use general
Eglish (B3P) which, in the aviation amtext, will cmsist mostly of aviation-
specific topics and vocalbulary (ESP) . Unlike ATC phraseology, gereral Eglish
is ot tied to a prescribed aode (as illustrated in Figuare 3) it is flexdble, allowing
the gpesker to menipulate it to get the desired message across. It also allows
the speaker to produce novel utterances that satisfy the coommicative needs
of the morent. In other words, general Erglish facilitates thinking in Englich,
autside of the “ATC bax,” and that can ke the dif ference between life and death.
Excluding uusual circumstances, campetency in the use of EGP at the profi-
ciency level gpecified in the IC20 scale is an achievable goal for most aimmen.

The Role of the English Tanguage in Gldoal Aviatim

Background

Within gldoal aviation, pilots fly in and aut of cartries where the aotrollers
gpesk Bglich in distinctly dif ferent ways. The ICAO PRICE Study Group in its
efforts to establish Frglish proficiency guidelines for a very diversified maroer-
chip has been keenly aware of the challenges created by the many varieties of
Eglish. The recently develgoed English proficiency description, therefore, in
its very definition places the burden of successful comunication an rative
NSs) ard nomative (NNs) speakers alike. The scale states that proficient
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gpeskers of Eglish “use a dialect, accent or variety which is intelligible to an
intermational comumnity of English language users.”

It is of ro s\l significance to note that the IO proficiency scale does not
measure NNSs against NSs, using the latter group as the norm. As Mathews
(2002) cautioned, “The proficiency requirement and scale were developed with
both native and nomative gpeakers in mind and are applicable to both groups.”
Tt puts all BEglish speskers in the sare category of “English users,” requiring all
to e careful ard aansiderate users of the shared larguage. In the recent Inter-
raticrel Aviation Hglish Association Seminar in Warsaw, Day (2002) noted
thet in the area of intematiarl aviarian, “Eglish sheds all camection to politi-
cal agendas, real or perceived, and becares sinply another tool for increased
safety ard efficiency of aviation goeratians.”

English as the World’s Lingua Franca

Indeed, there are meny users of English taoday; according to sare conserva-
tive estimetes, gporaximetely 1.6 billion use it to sore extent daily (Geary,
1997; Fishmen 1999). These English users can be divided into three major
categories. Kadmu (1988), in his groundoresking work in the field of lirguistics,
divided Erglish use into three circles, ranging fram the extended circle to the
imer circle. He labeled rative gpeskers of Fglish as being in the imer circle,
the “insiders” as it were, those with the arigiral ridghts to Rglish as their rative
language (for exanple, the United Kingdom, the United States, Astxalia). This
group ansists of appraxdmately 400 million pecple. The auter circle includes
corntries where Fglish has an official position, such as India, Nigeria, ad the
Philippines. The speskers of Eglish in the auter circle use it as their secad ar
third language. Inmery of the comntries in the exparding circle, Eglish has o
d ficial pupose nor is it the languace typically spoken an the streets.  Yet, te
expandirng circle is the fastest growirng of the three as it absorbs all those na-
tions where Erglish is being studied as a foreign language in addition to amny
other nmative or secad languages. The list of the comtries in the expanding
circle is lag, indesd, ard includes srall ard large natians alike.

Native and Nonnative Speakers

English no longer belangs just to the native speskers. Nayar (1994) ques-
tions to wham English belags ard concludes the following: “It is curs and
everyae’s: the English language is truly a world possessian” (p. 4) . Because
of the vast runbers of Erglishes (established varieties of English) in the world
today, marny students of English are introduced to the major native speaker
varieties but are not expected to adhere to any ane of them as the correct
varety. In fact, inmerny parts of the world, namative speskers of English never
meet “authentic” native speskers of English but comumnicate solely with other
NNSs whose accents may be distinctly dif ferent fram their omn. Incidentally,
not all NSs of Eglish understand ane another always either. Nt all varieties of
Fglich are mitually intelligible. Tt is not uncamm for native speskers of
df ferent varieties of Fglish to experience dif ficulty understanding ane another .
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In order to comunicate in English gldoally, the speskers of this sare lan-
guace nust ke aware of the mejor features of the other varieties. Accant is anly
ae of those features although it may be the nost salient ane. Speskers of
various varieties of English, native and namative, must also ke willing to adjust
their omn speech so it becores more understandable to those cutside of their
own community. The reality is that, “Comunicating across cultures is o
laxer agsl; it' s a mere starting point” (@Enthamy, 2000, p. 4).

Since English usage in the world is so conmorplace, the NSs can no longer
dictate to the rest of the world how it is to ke properly spoken. The rules of
cross-cultural commnication must be defined by those who represent the vari-
aus aultures, together forming an intermational comunity of English users.

World Englishes

Within the field of lirguistics itself, idatrifying and amalyzing the role of B~
glish in the world has kbeen the mejor focus of a branch of linguistic study.
Conceived and founded by Kachru sore two decades ago, the premise of World
Eglishes (WE) is to recognize ard examine all of the mary native and nativized
varieties of Fglish as legitinate. Besides engpging in this amlytical study,
WE pramotes the use of English as an Intermational Ianguage (EIL) serving as
the medium for cross-cultural comunication.

Tre official recognition of a type of BEglish that belags to o pertiadlar grogp
is an exciting develoorent for the gldoal aviation cominity. EIL is a ggeric
form of general purpose English, if you will, which is capable of accomodating
the many differences stemming from local cultures and varieties of speech,
including accent. While indeperndent fram regiaal variations arnd peculiarities,
ETL uses the basic structure of English syntax and lexicon to meke comimi-
cation amog English speskers possible. Gldoal aviation requires effective com-
mnication among all the participants. This is certainly a crucial ansideration
in an age where Frglish, although not everywhere, is “just closer to being every-
where than ary language in history” (Bnthoy, 2000, p. 7). It is certainly the
language of the skies.

Conclusions

Regardless of current and yet-to-be invented teclmology, larguege will al-
ways remain central to comunication between humans. The comunicative
amtext in aviation requires pilcts ard air traffic aotrollers to serd ard receive
messages primarily through the medium of ATC phraseology. There are tines,
however, when general language ability is necessary, times when the limited
ATC phraseology fails to suf fice the needs of the commnicative situation. The
ATC phraseolagy is useful but anly in limited situations and lacks the dynamic
erergy of a “living” languece.

Since aviation safety depends an acaurate pilot-aatroller dialague, both must
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ke able to utilize all that larguage hes to of fr. Tntle ATC context, this means
the ability to ask ard answer questians, follow instructions, narrate events,
describe situatians, and paragrase infometion; i.e., tobe a full participant ina
two-way dialogue. Pilots and controllers must be able to negotiate meaning
through language at all times and under all circumstances. Comunicative
corpetence in aviation English means that airmen have common and standard-
ized proficiency levels in the following three critical compoents: highly special -
ized ATC phraseology, ESP as it gpplies to aviation, ard the foudatiawl EP.
Tre three together fam the linguistic safety cushion that will significantly en-
hance safe commications in the aviation context world-wide.
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Introduction

M his intemet web site entitled “Statistics,” McBride (1996) repeated the
oft-quoted nioric of the military that goplies well to aviatio activities: ‘Measure
it with a micrareter, mark it with a piece of dulk ard art it with an ax’ (. 1).

To this has often been added, “Best it to fit and paint it to match.”

McBride used this nibric to introduce his discussion of significant rmbers
in mathematics, stating, “.. every time we perform a mathematical cperation an
a measured value we must maintain the integrity of the measurement’s accu-
oy . 1).

Nothing could be truer for aviators who often need quick results but do not
need answers calculated to a high degree of mathematical precision.

In designing equipment and systems aviation engineers must be mindful of
accumulation of tolerances. The pilot, an the other hand, most often does not
have tine or data that is sufficiently acarate or reliable for precise nath to be
meaningful. Thus the genesis of aviation “Rules of Thurb.”

Tt has been ny practice in certain classes to introduce student pilots to
these rules of tlumb, while at the same time expecting them to know how
acaurate they are. This article will discuss and evaluate sare of these nules of
thurb and their accuracy. It is ot the parpose of this article to provide signifi-
cant breskthroughs in aviation science or engineering. “Rules of Thud” are,
after all, just that — rules established by pilots for easier menegamat of aviation

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-502, P.O.
Box 25082, Cklahoma City, OK 73125.
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peratians. Tt also is not the parpose of this article to expect pilcts to use the
more precise math discussed. Rather the article is intended to show how reli-
able these rules are and how confortable pilots should be in using them. *

The results of the evaluation were nevertheless interesting. Amalysis of the
initial benk angle rules, for exanple, dammstrated the preference for the 15
percent rule over others commnly inuse. Similarly, the aglysis of the rule far
wirnd correction in holding pattems showed the justification for the dance in the
Peranautical Tnformetion Marwal (U.S. Department of Transportation, 2002-2003)
inplemented by the FAA several years ago.

Sources of Rules

Two of my favorite sources are Aviation Rules of Thumb (n.d.) ard the quiz-
zes located urder the title “Brainteasers” an the website entitled AVweb (2003) 2.
The amalysis of this article is kased an the questions aontained in ae of the
quizzes in the latter reference.

Zralysis of the nules

Arc Length
AVweb’ s (2003) first question asked, “You are intending to fly the 20 IVE
arc fram XYZ VOR radial 184 to radial 214. Your groundspeed is 120 knots.
Ppproximately how much time will be required?” The answer given was 5 min-
utes and explained as follows:
YAt a distance [of] 60 nautical miles, ane degree of arc equals ae
mautical mile. Fram the 184 radial to the 214 radial is 30 degrees of arc.
That would be a distance of 30 nautical miles an the 60 DVE arc, but
a the 20 DVE arc it is ae-third of that, or ten nautical miles. A a
grourdspeed of 120 kiots it takes five minutes to fly ten nautical miles.”

How accurate is this answer? First, how accurate is the statement that ane
degree of arc at 60 nautical miles is equal to ae nautical mile?

This statement can be easily tested by examining the following formuila

1
d=%><27f><r where d is the arc distance ard r is the radius of the arc. Thus 1-
360% of the ciraunference of a circle with a radius of “r” is the distance alayg the

arc. Trerefare, d =Lx2ﬂx60=lx2ﬂs@sl.047nm
360 6 6

! This article is intended to examire the action of the kind of smell aircraft used in training and not
larger camercial aircraft that have the use of flight directors and Flight Memegement Systems.
For that reasm, the amalysis is limited to aircraft gperating at less then 150 KIAS ard at amstant
rate tums of 3 degrees per secad.

2 This website amtains meny other interesting articles and resources.
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The arc distance is off by a bit nore than 4 per cent. The total distance

over the 30 degrees in the question but at 20 rm DVME would be

EX 30%1.047 =10.47nm
60

At 2 mm per mirute, the time to travel this distance would actually ke
;:#:5_23@11)1:68. The time, like the distance, is off by about 4.7 percent.

Headwind and Crosswind

AVweb’s (2003) second question was, “You are approaching to land on a
rumay where the wird is blowing at 15 knots at a 40-degree argle to the run-
way heading. What is the approximate crosswind component?” The answer
given by AViweb was, “At a 40-degree argle, the crosswind component is be-
tween 60 percent of the wind speed and two-thirds of the wind speed. Sixty
percatt of 15 kots is 9 knots.  Two-thirds of 15 knots is 10 knots.  We're givirng
credit for either answer”

The actual crosswind component given by the formula: V=V, sin6

Where V, is the velocity of the wird, V is the velcoity of the crosswird
component, and § is the agle of the wird to the mose. Thus at 40°, the
crosswind component is: V  =15sin40" =15x0.643 =9.64 knots.  The an-
swer actually is closer to 10 then to nine.

Tn navication classes, the author teaches that at 45° from the nose or the tail,
both the crosswind and the headwind/tail wind are equal to 70% of the wind
welocity. For each 15 degrees toward the head (tail), the headwind (tailwind)
increases by 20 percent and the crosswind decreases by 20 percent. Similarly,
for each 15 degrees toward the wing, the headwind (tailwind) decreases by 20
percent arnd the crosswind increases by 20 percent. Thus for a 10 knot wind 30
degrees off the nose, the headwind component is 70%+20%=90% of 10 knots
or 9 knots. The cross wind is 70%-20% or 50% of 10 knots or 5 knots. Simi-
lady, a wind at 10 knots that is 60 degrees of £ the tail will provide a 70%-20% or
50% of 10 knots of tailwind and 70%+20% or 90% of 10 knots or a 9 kot
crosswind.

These are not exact values since the sine values are 30°, 45° and 60° are
0.500, 0.707 and 0.866 and the cosine values are 0.866, 0.707, and 0.500,
respectively. However, the relidbility of the wird figues is not acorate either;
therefore, the estimates that are made based on this method are as close as
anyone can reasonably predict.
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Bank Angle

AVweb’ s (2003) next question was, “What approximate bank angle is re-
quired for a standard rate tum at a true airspeed of 130 knots?” The answer
gven is, “To calculate the appraximate bank arngle for a standard rate tum,
divice the true airspeed by 10 ard add seven. One hundred thirty divided by ten
is 13. 13 plus 7 is 20.”

Evaluation of this question is more canplex and requires a basic under-
standing of the dynamics of the level tum. Figare 1 is a sinplified diagram of the
farces acting an an aircraft.

(TotalLih)

Figure 1. Forces actirg an an aircraft in a level tum.

Fran the diagram, it can ke seen that the cutwerd “oentrifugel foree” is equal
to the irmerd horizantal capanent of lift. Ts, L, =mro .

Where [, is the horizonral anmpoent of lift, m is the mess of the air-
asft, [ istheradivsof thetum, ad @ 1is the amular velocity of the aircraft.
C::g , te L,,:%?;:Wtanezmgtanﬂ, Eqet-
ing this to the cantrifical faree, m&tanezmrwz. The masses on each side of the
equation cancel, leaving wng="% . For aviation prposes @ is costant at 3
degreesperseomdforastandalératetmn. Also, in physics we leamed that
V=re arths, r=— . Skstinting this into the eqation dow, wo="" . Tre
equation is campleted by including the cawersion factors.

However, sine L, = Lsin6 ad L=

If V is in knots, it must be cawerted to feet per seaad. Since there are 6076
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feet in a nautical mile and 3600 seconds in an hour, the cawersion is
s =%Vm =1.6878V,, feet per secad. @ must also be cawerted fram degrees
per secand to redians per second. There are Q7 redians ina full circle so the
cawersion from 3° per secad is o, =%X2ﬁ=$ﬂ=0-05236 radians per secand.
g is the acceleration of gravity or 32.2 feet per secad squared.
Substituring these vallues into the equarion resuilts dn =000
If, for eaple, the aircraft is traveling at 120 knots, the famuila would predict an
initial bank angle of 18.22°. Conpare this to the predicted kank angle of 18°
based an 15 percent of airspeed. In fact, the closeness of the mathematically
acaurate angle is very close to the 15% rule of thunmb angle. The 10% plus 7
rule is less accurate. Figure 2 below shows how close these angles are to the
methametical solution for sell aircraft.

V,, =0.00274V,, .

COMPARISON OFBANK ANGLES
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181 —a—15% RULE

16 7 @103 + 7RUIE
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Figure 2. Carparison of carputed kark angles for snall aircraft.
Correcting for Crosswinds in a Holding Pattem

Praeebly the least likely candidate for scientific and methemetical amalysis
is the holding pattem. Wind direction arnd speed predictions are notoricusly
inacorrate ard the ability to replicate the pattem exactly each tine is nearly
impossible, even with an autopilot or a flight menagement system. Neverthe-
less, Ar Txf fic Gatrol (ATC) must set aside protected airspace for holds based
o a runber of conditions.
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Under FAA Order 7130.3A (U.S. Department of Transportation, Federal Avia-
ton Administration, 1998), ATC will choose fram a list of 31 tenplates to ke
used for establishing the protected area of a partiadlar hold. The cotroller mist
take into accouat the following criteria for holds in each instance:

Trdicated airspesd of the aircraft.

Nevicgption aid and nevicgation systam reliability.

Wird effect.

Logest distance to arty of the navaids being used to establish the
e Alrcraft altitice.

QN p oo

Figure 3 below is a typical exanple of a holding area tenplate as depicted in
FAA Order 7130.3A (19%). Typically, instructars refer to the “orotected ares!
when discussing holding procedures with students. The reader should under-
stard that the so-called “protected area” may be different when considering the
use by ATC for separation purposes and when used by airspace designers for
terrain avoidance purposes.  The tarplates referved to in FAA Order 7130.3A are
primerily intended to ke used for separation purposes.

Fix End
Reduction Area

Helding Fix Numbered Arcas

Figure 3. Typical Holding Pattemn Tenplate. *

Mary instructors are familiar with the rules of thinb arnd the practices rec-
onmended by the Aeronautical Information Marmal (AIM) (U.S. Department of
Transportation, 2002-2003) . For exanple, the ATM provides the following with
respect to drift carection:

“Conpensate for wind effect primarily by drift correction an the inbord
ard cutbourd legs. When cutbourd, triple the inbound drift correction
to avoid mejor tuming adjustments; e.g., if correcting left by 8 degrees

? The reductim areas are not discussed in this article ut can ke used by air traffic cotrollers
under certain circumstances. The reader is referred to FAA Order 7130.3A far further
discussion of the use of reduction aress.
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when inbound, correct by 24 degrees when cutbound” (Section 5-3-7, I,
&)t

This rile is primerily designed for pilots of smell aircraft wo are not using
flight directors or other carputerized means of performing holding pattemns.
Moreover, the use of the standard 3 © bark angle suggests aircraft goerating at
fairly low airspesds. ®

Tn a nm-scientific poll of a runber of experienced instrument instructors, the
author foud that there was no universal acoeptance of this rule. Sare instruc-
tors reported that they prefer to use the rule of twice the inbord correction an
the astbord leg. PAmalysis of the procedure will show why this may be the
case.

In order to aralyze this nule, axsider the following:

In Figure 4(a), the holding pattem is shown as holding north an the 360
degree radial of an imeginary R to a fix arbitrarily called FIXXX. Assume that
the navaid defining the fix provides acaurate positiamrl definition an the inbord
aouarse ard thet the hold calls for right hard timms. Assure also, for the purpose
of this analysis, thet the aircraft is cruising at an airspeed of 105 knots ard that
the wind direction is fram 045 °at 15 knokes.

&2, y2)
Posibn Aicmaft
mustbe h for

Thbound Tum

O utbound
Aout Course

<%
O utbound
Headhg
nbound

Headhg

Thbound
Course
360°

r'g

Aicmft

) &1, y1)
Adspeed Pos]tbrl't of W id Vecto:
105 kts A cmfafer 045°@ 15 kts
O utbound Tum
a b

Figure 4. Effect of Wind Correction acn Holding Patterm (Not to Scale) .

¢ This has not always been the rule. In earlier versians of the AIM the recommended ratio was
2:1. Figure 12-6 of the Instrument Flying Handoook, FAA AC61-27C (Revised 1980) is an
exaple of the use of the ratio 2:1.

° See the discussion above regarding the initial bank angle that would be required for high speed
aircraft to use 3° per secad as the rate of tum in a hold.
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Figure 4 (a) represents the standard holding pattem. The inbound course is
located on the navaid radial, in this case the 360° radial, ard the inbourd dis-
tance is arranged so that at the ground speed of the aircraft the inboud time to
the fix is ae minrte.

Figure 4 (b) shows the effect of wind. Since the aircraft can be ansidered to
e tuming in a noving air mess, the position of the aircraft meking the tum can
be sumed with the movement of the air mass.® Thus the position of the air-
craft, when it corpletes the cutbord tum, is, in the exanple, moved south and
west of the position it would have been in had there been no wind. The distance
the aircraft has moved laterally due to the tum will depend an the radius of the
tun. As shown above under the discussion of Bank Argle, the radius is related
to the airspeed and rate of tum by the fomula: r=%, were V is the tre air-
gpeed of the aircraft (ot the grordspeed) and U is the angular velocity, or rate
of turn, in radians per second.

In order to kesp the radius in nautical miles, the velocity nust e cowerted
fran knots  (nautical miles per hour) to nautical miles per secaod ard the rate of
tum must be converted from degrees per second to radians per second. The
resultirg eqatian is: = 0.005236V -

If the aircraft were to carplete a heading change of 180°, the, the aircraft
would have moved one diameter (or two radii) perpendicular to its movement
through the air mass. The ending position of the turm could then be summed
with the movement of the air during the ane mirute it takes to meke the tum.
This assures that the aircraft has tumed exactly 180°, which the diagram in
Figure 3(b) shows not to be true for either the cutbourd or the inbord tum.
Evaluatio of the error that this introduces must be amsidered in deciding the
actual relationship between outhbound heading and inbound heading.

The position of the aircraft as it carpletes the tum inbound must be moved
to account for the y-carpanent of the wind vector as it effects the grondspeed
of the aircraft so thet the time fram the ed of the tum to the fix is still ae
mirute. As a result, the position of the aircraft as it eters the irbord tim can
e determined from the position of the aircraft at the end of the tum. The out-
boud course is determined by camecting the position of the aircraft at the end
of the autloud tum to its positio at the begiming of the inbord tum. The
istance of this leg is determired by the famula d =+(x, —x, F + (5 — 3, F , where
the (x,y,) is the position of the aircraft at the end of the autbourd tim ad. (%, y,)
is the position of the aircraft at the begimming of the inbord ttm.  Similarly, te

argle to the 360° course lire is determined by the formula tan™ ((xz x))’ where
Yo =N

¢ This assurption is based an the principle of linear superposition which, while not proved
in this discussion, nevertheless gpplies.
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the positions are the same as in the distance determination.

The actual headings to be used for the inbound course and the ocutbound
course can be computed using standard methods (Trippett, 2002) 7. In the ex-
arple the inbord heading, after correction for the fact that the aircraft tums
more than 180° cutbound and less than 180° inboud will be 174.2°, ar a wird
correctio argle of 5.8°. The cutlbound course can be determined to be 8.84°.
Correcting for the wind yields an cutbourd heading of 13.6°. The ratio of the
authourd correction relative to the reciprocal of the irbourd course is thus 13.6/
5.8 = 2.36, which is significantly less than the factor of three recomended by
the ATM.

Correcting the error introduced by the actual mnber of degrees the aircraft
tums inbound and cutbound is accomplished by using a process of successive
appraximations. The fivst approxdmation assures that the aircraft tums 180
degrees cuthbound ard 180 degrees inbourd and that the position of the aircraft
at the end of the cutboud tum ard at the begimming of the inboud tum are
based only on the movement caused by the wind. The outbound course in
computed from this data and the actual value of the ocutbound and inbound
tums recalculated. The process is repeated until the successive recalcula-
tions between ane iteration and the next are gmll enough to be igored. In the
exanple, the differences are so smell after the third recalculation as to be

regarded as insignificant. ®

Figure 5 shows the relationship between wind direction, airspeed/wind speed
ratio ard cuthoud to inbound wind correction ratio.® The chart confirms what
most pilots would imediately realize — that the ratio is affected by how fast the
aircraft is traveling in carparism to the wird velocity .

7 The formilas (Trippett, 2002) used by the author are as follows:
W ind Correction Angle:

V.,
a =—sin"'[—-sin(¢ + B — (0 +180))]
TAS
Where
o = Wind correction angle 0 = Course (magnetic)
¢ = Wind directim (true) V= Wind velocity
B = Megretic variation V.= Tne Airspeed

Ground Speed:

. .Y .
Vi =Vy -cos(@+ f— (0 +180)) +V,,; - cos[sin I(V—W -sin(¢+ B — (6 +180)))]
TAS
8 After the third recalculation the meximm percentage dif ference between it and the
previcus calculation is less then 0.1%.
“The data for this chart can be dbtained from the author. Tests using the predicted data were
rn an using the On Top™ flight Similator. The predicted values agree closely with these tests.
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Ratb ofOutbound to hbound Headig Conecton n
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Figure 5. Corparison of Imbound to Outbound Wind Corrections in Standard
Holding Pattems. *°

The variables irmvolved in holding pattems are so rumercus that applying
them carmot e accarplished by the pilot with the mathematical precision de-
scribed in this article. Nevertheless, the doice of the 3:1 nule for autbord to
inbound wind corrections can easily be seen from Figure 5 as an approximation
of the potential values that will ke encomtered depending an wind direction and
the ratio of airspesd to wird speed. The dwoice of a ratio of 3:1 is within the
middle ground (and close to the average) of the expected range of values.

Bt is it the best doice?

Figure 5 shows the correlation between the ratio of the cutbound wind cor-
rection ard the inbound wind correction as carpared to the rule-of-thinb ratio
of 3:1. Framthis figure it can be seen that for wirds that ted to have a tailwird
character, the correlation is better then for winds that tend to have a headwind
character, depending o the ratio of the airspead to the wind velocity .

These data suggested that where the wind terds to ke fram the tail, the pilct
should use a ratio an autbord to inbound heading correction that is 3:1 or less,
tending toward 2:1. However, where the wird tends to be from the nose of the

10 Note that vhile the ratio of drift correction at 180° and 360° is mesningless since it
would require the division of zero by zero, it is assumed without proof that the functians
represented by Figure 4 could be shown as continuous on the intervals 0°<¢<180°and
180°<(0<360° ard that Figure 4 appraximates the limit as the A approaches zero at 180°
and 360°.
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alrcraft, the ratio should be nore then 3:1, tending towerd a ratio of 4:1 ar grester,
deperding an the carparative value of the wind velocity to the aircraft airspesd
ard the actual angle of the wind to the inbound course.

Conclusion

There are literally dozens of rules of thunb used by aviators to aporaxinmete
solutians to prdolars that would otherwise be overwhelming in the cockpit if the
mathemetical niceties described herein were required for flight. The use of
those rules is well justified, at lesst far the rules described in this article.

In sucoeeding articles, the author proposes to discuss other rules comonly
used by aviators with the similar purpose of determining how correct they are.

References

Brainteasers (2003) . The Internet Aviation Magazine and News Service. http.//
www.avweb.com/brain/. Aviation Publishing Group.

McBride, J. R. (1996, September 2). Statistics. http://www.geocities.con/
CapeCanaveral /Lab/3975/Cheml05/1051ecl . htm.

Rules of Thumb @.d.). http://wa .geocities.con/acomil/rules thumdo.him.

Tripeet, W. R. (2002) . Mathematical solutions to wind correction and ground-
speed prablens. International Journal of Applied Aviation Studies (2)1. Odla-
homa City, OK: FAAAcademy.

U.S. Department of Transportation, Federal Aviation Administration (1998, March
18). FAA Order 7130.3A, Holding Pattern Criteria .

U.S. Department of Transportation, Federal Aviation Administration (2002, Feb-
ruary 21 - Changed 2003, February 20) . Aeronautical Information Manual,
Official Guide to Basic Flight Information and ATC Procedures .

Analysis of Some Aviation Rules of Thumb

141



142  International Journal of Applied Aviation Studies



Intematianl Jomel of Applied Aviarim Studies, 3,1
Copyright © 2003, FAAAcademy, Oklahoma City, OK

A Bright Day Dawns in International Air Carrier Liability:
The New Montreal Convention

Rdbert F. Ripley
Auburn University
Department of Aviation Management
Lowder Business Building, Suite 446
Auburn, AL 36849-5248
Phone: (334) 844-6845
FAX: (334) 844-4927
Email: ripleyf@business.auburn.edu

Abstract

This paper presents the genesis of interational aviation law and
discusses the provisions of the 1999 Montreal Convention, which
amended earlier international air carrier agreements.

In the early days of intemational air travel many far-sighted indi-
viduals recognized that commercial aviation had enormous po-
tential;, but unless the liability issues conceming the loss of pas-
sengers and cargo were resolved, this potential would never be
fully realized. As a result of these concems, the Warsaw Conven-
tion was drafted in 1929 and ratified in 1933. The Warsaw Conven-
tion protected the rights of passengers by requiring the payment of
damages while at the same time capping liability limits for the
airlines that caused their loss. In 1966 a meeting was held in
Montreal that became known as the Montreal Convention and a
bilateral agreement was consummated that effectively increased
the damages awarded to passengers who suffered losses as the
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Box 25082, Cklahoma City, OK 73125.
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result of an accident. The 1999 Montreal Convention further
amended the damage awards to persons who had suffered losses
as the result of an accident. The provisions of the 1999 Montreal
Convention are much fairer to the consumer and thus will result in
less litigation for the loss of life, baggage and cargo.

Background

Wen intematiaal air travel fivst beggn in the early part of the twentieth
century, the need for a universal standard of ligbility was essantial.  The politi-
clans ard leaders of the aviation industry knew this and it lead them to create a
doctrire that would establish a stardardized set of regulatians goverming lisbility
in the event of an accident or loss of cargp. The act was entitled Convention for
the Unification of Certain Rules Relating to International Carriage by Air (ICRO
Doc. 7838) and was later referred to as the Warsaw Cowention. This treaty
was drafted in 1929 ard ratified in 1933. The following year the United States
becare a signatory (Kreindler, 1999). It was designed to create a uniform
stardard of ligbility far intematiael air travel in the evant of an airlire crash ad
to encorace the availability of liability insurance for intermatiaal airlines. The
main stipulations of the treaty were designed to limit the monetary compensa-
tim paid by the airlires to the parties imvolved ard to set nules a jurisdiction far
the litigation following the accident. The Warsaw Cowvention protected the rights
of passengers by requiring the airlines to pay money for dameges caused by an
accident or loss of cargp, ard the cawventian’s limits an liability ensured that
the airlines would not suffer a catastragdhic loss that would result in the kank-
ruptcy of the airline after an accident. The Warsaw Covention described when,
why and how an air carrier would be held liable for an accident or loss of carcp.

The foundation for liability under the Warsaw Cawvention was stipulated in
Article 17 Kreirdler, 1999). This article held the airlines lisble for accidents
resulting in irjury ar desth, either an the aircraft or in the course of erberking ar
disenarking the aircraft. This ligbility was limited uder Article 22, ard in the
original doctrine it was limited to appraximetely $8,300 U.S. per passenger in
cases Irvolvirg injury ar death.  Article 25 allawed this limitarion to ke lifted if the
partdiff can prove willful miscodict. M airlire’ s actias castitutes willful
misconduct when an act is comitted with an intenticnal or reckless disregard
for the safety of others or with an intentiaml disregard of duty necessary to the
safety of another ‘s property . This dharge was very dif fiadlt to prove in cort, ad
the ligbility limit was almost never lifted. Registered carcp ard begoege liability
was limited to appraximetely $16.50 U.S. per kilogram for loss or damege.
These articles provided the monetary limits and the restrictions an jurisdiction
were addressed separately.

The locatiom in which a plaintiff could claim jurisdiction for his impending
litigation was limited uder Article 28 (ICRO Doc. 7838) . There were four spe-
cific forurs established where a victim cauld file suit acginst a carrier. These
varves included the following:
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. The coantry in which the airline is incorporated
. The country in which the airline is headquartered
. The country where the ticket was purchased
. The passenger’ s ultimate destination
In the past seventy-five years there have been mercus attenpts to reform
this docurent to keep up with the changes in the world’ s economy .

0.0 0w

Since the drafting of the Warsaw Cawention, several additional countries
have been added as menbbers. These nations contributed to the formation of a
ooverming body over civil intermariael aviatio called the Ttematiael Civil Avia-
tion Orgenization (ICRO) . Liability limits also have increased through various
protocols and amendrents to the original doctrine.

The first meeting to update the Warsaw Cawention was held in the Hague in
1955 ard hence has been referred to as the Hague Protoool. The limits govermn-
ing death or injury were raised to appraximetely $16,000 U.S., but the baggege
and cargo limits were unchanged. The wording regarding exaneration from lim-
ited liability wes altered sliditly. However, these limits were low even for the
1950s, ard it was still almost impossible to prove that ay conduct by the
carrier or ae of its agents wes amsidered intentiamal and enough to justify
lifting the restrictians. Cosequattly, the need to revise this amendrent was
evidat.

The United States was adanment about restructuring these liability limits.
They threatened to pull cut of the Warsaw Cawvention entirely and protested by
not ratifying the Hague Protocol. In 1966 ICRO menber nations met in Montreal
ard held the first of its conferences to amend the Warsaw Cawention. The
settlement reached there was not a protocol, but a bilateral agreement between
air carriers gperating in the U.S. ard the United States Govenment. Tre limit for
death or injury of a passenger who was a United States citizen was raised to
$75,000 U.S. Even though these limits were enforced, nost nations felt the
Warsaw Convention needed to be updated further to meet the demands of the
current economy .

The United States certainly was not the anly comtry upset with the low
mretary lidbility limits. Therefore, in 1971 in Quatemrela, the ICRO tried to
increase limits to gppraximately $100,000 U.S. for a passenger’s injury or death
and appraximately $1,000 U.S. for loss of cargo, but member nations showed
their disapproval with the agreement by not giving the support it needed to be
ratified. The docurent also met goposition because it attempted to change the
wording of Aticle17. The delegates at the cawention replaced the word “acci-
dert” with “event” in the article’s description of what costitutes an accident.
This virtually would have abolished the need for the accident to ke aviatiom-
related. The specific monetary limits were not the anly parts of the Warsaw
Covention that were aut of date. The protocols pertaining to and including the
original Warsaw Convention had used a French currency called the Poincare
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Franc, which had not been used by the French since the late 1930s.

The gldoal wnit of exchange for currencies was introduced at the Bretton
W oods Conference in 1944 (Batra, 2000). However, it was rnot used in the
aotext of the Warsaw Cawvention until after the four protocols drafted in Montreal
in 1975. The meetings produced an agreement that incorporated a Special
Drawing Right (SDR) into monetary limits of the Warsaw Covention. Derived
fran the Intermational Moetary Fud, a Special Drawing Right acts as a unit of
exchange for all currencies including the Poincare Franc.

Another successfully passed protocol dealt with passengers attenpting to
cain standing under local laws.

In March of 1999, the protoool drafted at the 1975 Montreal Covention per-
taining to a passenger s right to claim dameges under local law cane into effect
in the Thited States. This protocol related to Article 24, ard it prevented ary
passenger from claiming dameges that resulted in death, bodily injury, arloesscof
baggege after an accident under local law, as it pertained to Article 17 of the
Warsaw Covention. This has been enforced retroactively in sore cases, and
the 1999 Mmntreal Cawention used the same wording. The issues surrounding
the limits o liability also were addressed in these protocols.

One of the protocols fram the 1975 Montreal Cowention raised the monetary
limits far the airlines in the evatt of an accident ar loss of cargp. At this aofer-
ence the ITntermatiaal Civil Aviation Orgpnizatio attanpted to raise the lidbility
limits for the airlines to about $130,000 U.S., ut the protocol did not allow for
the limits to be lifted in situatians where the accident wes fault besed. There-
fore, these restrictions put unfair burdens an airplane marufactures that could
e held accountable for additianal recoveries. This protoool was not passed by
several nations, including the United States, because of its weak stance an ary
fam of unlimited 1iability agpinst the airlines.

There always have been conplaints fram in and cutside the aviation industry
conceming the low limits established by these protocols. Japen ard Ttaly are
eanples of two comntries that todk actim to increase liability for their airlines
and, consequently, they todk messures to meke their airlines fully liable far both
intermaticnal and darestic travel. These actians, the inability to pass sare
additiarl protools, ad the wide vardatians in cost of living caditions moti-
vated the IZO to conduct a study to amalyze the prdolems with the current
Timited 1igbility starderds.

This study began in 1994 with the assistance of the Intermaticwl Arr Trans-
pat Association.  The mein initiative of the study wes to determine the ad-
equacy of the arrent lidbility limits ard of prgposed limits, as well as the costs
associated with providing higher limits would have for all carriers. The study
group amsisted of private intermatiawl air law experts from arord the world,
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but the vast mejority of these specialists represented developed natians.  They
distributed questicmaires that inguired about each menber nation’s views to-
ward the adequacy of arrent liability limits for passenger, cargo, and baggege.
Seventy-two peroent of the Intermmatiaml Civil Aviation Orgenization States that
respanded were dissatisfied with the current regulations (Batra, 2000). The
study determined that the increase in ticket prices would be less than two
dollars rourd trip to cover the added insurance expense. The group fourd that
the arrent lisbility limits an intemetiarl air travel were not acosptable warld-
wide because of the diversity of sociceconomic circumstances and variance in
the cost of living. Therefore, they issued steps an how they believed the situa-
tim should ke solved, and mery of their ideas represented the foudation for the
present agreement.

The ICRO council supported these recomendations and forwarded them to
a legpl camittese. The council later organized a Special Group for the mod-
emization and aonsolidation of the Warsaw System to supplement the work of
the legpl comittee. It was in early 199 when the IR0 council gave its initial
endorsement of the study group’ s proposals aoncerming the need to draft a new
agreenent and recommendations on what types of changes needed to be made.
The cawention in Motreal to officially draft the treaty wes held fram May 10-28,
1999 and was referred to as the Montreal Cawention of 1999.

1999 Montreal Convention

The meeting in Momtreal included representatives from the mejority of the
ICRO member nations, and all countries in attendance signed the document,
which was entitled the Convention for the Unification of Certain Rules for Inter-
national Carriage by Air (ICRO Doc. 9740) . However, aily twarty-five ratians (as
of Novenber 20, 2002) have ratified it, and according to Article 53, the agree-
ment will not core into effect util sixty days after the thirtieth acosptance,
aporoval, accession or ratification (Hamiltan, 2001; Weber, 2000) .

This document encompassed the work done by everyone involved in the
process from the fomation of the study group to the leggl camittee and all
other parties mentianed earlier. The end product was to be the stepping-stone
far the futire of IntemreticEl air carrder lidaility .

The Convention for the Unification of Certain Rules for International Carriage
by Air ootained several sectians ard articles. The anes discussed in this
report were sare of the most influential, ard they included a retention of the
structire of the Warsaw Coventian, a two-tier ligbility structure, limits of lisbil-
ity far delay, limits for loss of bagpoe ard cargp, exxeration of ligbility, review
of limits arnd advanced payments, an optiaal clause, jurisdiction, reimburse-
ment for legal fees, recovery of non-ocompensatory dameges, ticket and flight
infometio, proof of insurance, and the statute of limitatians (Kreindler, 1999;
ICAO Doc. 9740; Weber, 2000). These categories are cutlined as follows:
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Retention of Structure

The preanble of the new policy acknowledoed the importance of maintaining
the structure of the original assenbly held in Warsaw in 1929 and ensuing
protocols. Therefore, the preanble recognized the need to modermnize the War-
saw Covention, and to protect the consurer’s best interest through equitable
compensation. However,Article 55 stated that this cawention superceded the
Warsaw Cawvention ard all of its protoools, ard all specific intercarrier agree-
ments. That article established the 1999 Montreal Cowention as a conpletely
new agreement.

Two-Tier Liability System

Article 21 stipalated thet, for the death or injury of a passeger, compensa-
tion will ke strictly payable by the airliners to passengers not exceaeding 100,000
Special Drawing Rights (approx. $135,000 U.S.). The airline could ke held ac-
aountable for unlimited liability in cases where the passenger can prove that the
airline or ae of its agents acted with negligence. This codition forced an
airline to prove that it tadk all necessary proosdires to avoid damege, or that
those measures were not feasible. This defense is almost inpossible to prove
in cort, ad the airlines failure to do so would result in the airlines being held
liable without limitation for all provable dareges.

Liability Limits Due to Delay, Baggage and Cargo

Also included in Article 21 were the restrictions that limit peyment by the air
carriers to 4,150 SDR (approx. $5,600 U.S.) for damaged caused by delay. Rx
baggage or cargo loss, delay or damege the liability was limited to 1,000 SDR
(approx. $1,350 U.S.) per person. However, a passenger can meke a special
declaration at the time the baggege is checked. The passenger then will be
quoted a fee, ard if paid, the carrier becares liable for the declared sum, unless
the carrier can prove that the sum declared is greater than the passengers’ real
interest in the celivery .

Exoneration of Liability

According to Article 20, the carrier has the ridht to attenpt to prove that the
persan claiming compensation was the cause of the accident or a direct con-
trilutor through negligence. By acooplishing this, the airline can ke relieved,
wolly ar pertly, fraonits lidaility .

Review of Limits and Advanced Payments

Built-in to require thet the liability limits be reviewed every five years to adjust
to inflation and aurrent economic caditians, the escalation clause was fourd in
Article 28. These renewal meetings will begin five years after the agreement
has been put into farce. The rate of inflation factor will be weighted with the
average of the armual rate of change in the Consumer Price Indices of the cur-
rencies that meke up the STR. The possibility that the airline may have to
meke advanoed payments for 1iability after an accident according to natical law
was included in Article 28, ard if such payments are mede it will not anstitute
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a recogition of ligbility, and may be of fset against payments made by the car-
rier for funmre dareges.

Optional Clause
Tre air carrier may at its discretio set its omn lisbility limits to be hidher ar

Jurisdiction

hArticle 33, a fifth forum was added to give passengers more cantrol over
locarion when they are irvolved with litigarion agginst the airline. The fifth forun
allowed for the passenger to sesk action resulting from death or injury in the
territary or state in which at the tine of the accident the passerger has his/her
principal or permenent residence or from which the carrier cperates service for
the carriage by air, either m its o aircraft ar ancther carrder ‘s aircraft parsuent
to a comercial agreement. The four original forums remein in place.

Passenger Contributory Fault

Article 20 established that, if the airline can prove that passengers claiming
compensation contributed to or caused the damege by their negligence or other
wragful act or anissio, the carrier can be fully or partly exaerated from their
liddlity. However, this is seldom appropriate in arty case because most pas-
sengers do not aontribute to mejor airline crashes. In the 1929 Warsaw Cawven-
tion this was to ke exclusively harndled according to forum law, but the new
agreement dees not explicitly tum the matter over to forum law. Although, in the
event that this article becares relevant, it is presugoosed that forum law would
aoply in an goplicable situatim.

Reimbursement for Legal Fees

The court may award the plaintiff compensation for legal expenses and court
costs if permitted under forum law, ard aily if it pertains to a case that irvolved
the plaintiff recovering an amount that was nore than the carrier ’s written offer
that was made within six weeks of the accident or an offer made before the
caomencenent of the suit. This nule coorred in Article 2.

Recovery of Non-Compensatory Damages

The recovery of any exemplary, punitive dameges, or ary type of non-com-
pensatory damages were strictly not attairsble, uder ZArticle 29. This issue
was not addressed in the 1929 Warsaw Convention, and the United States
Federal Court system had previously ruled that Article 17 anly provided for com-
pensatory damages.

Ticket and Flight Information

Article 3 mo laxer irvdked any sanctians for failure to deliver a tidket ar
preserve the fligtt information. This delivery of a tidket was an inportant factor
for the limited liability according to the 1929 Warsaw Cawventian.

The New Montreal Convention
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Proof of Insurance

T Article 50, a mendatory insurance clause stipulated that arty carrier must
surrender proof that they have adequate insurance to any state party for any con-
try in which they goerate.

Statute of Limitations
The two-year statute of limitation was retained in the 1999 Montreal Coven-
tda

Table 1
Changes in Liability Limits

Conference Warsaw | Hague Montreal | Guatemala| Montreal | Montreal Montreal

1929 1955 1966 1971* 1975 1975%* 1999*

Proposed $8,300 |$16,000 |[$75,000|$100,000 | SDRs [$130,000 | $135,000
g Tity Timits Applied
for death ar
U.S. dollars**

Proposed $16.50/ | $16.50/ No $1,000/ SDRs No $1,350/
Tigility Timits kg kg Change | Person | Applied | Change Person
far loss of

cargo in U.S.
dollars**

* Not Ratified as of 5/01/01
* Mpprax. U.S. dollar values

Contracting Nations

As of Novener 20, 2002, twenty-five nations deposited an instrurent of ratifi-
cation, acceptance, approval or accession as required by the tems of the Cawen-
tion (http: / /v . icao. int/icao/en/leb/mt199.him) . These nations and the date of
the deposit of the required instruvent are as follows:

Belize 08/24/99 Panama 09/13/02 United Arab HEmirates 07/07/00
CzechRepublicl11/16/00 Slovakia 10/11/00 Jordan 04/12/02

Greece 07/22/02 Slovenia 03/27/02 Bahrain 02/02/01

Kenya 01/07/02 Peru 04/11/02 Botswana 03/28/01

Kuwait 06/11/02 Romania 03/20/01 New Zealand 11/18/02

Mexico 11/20/00 Paraguay 03/29/01 Canada 11/19/02

Namibia 09/27/01 Barbados 01/02/02 Cyprus 11/20/02

Japan 06/20/00 Nigeria 05/10/02 Syrian Arab Republic 07/18/02

The former Yugoslav and Republic of Macedonia 05/15/00
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Conclusion

The drafting of a new Warsaw Convention was long overdue and the condi-
tions stated in the 1999 agrearent were nerely preliminary figures established
to lead the intematianl aviation industry into the next century . The limits de-
clared in Montreal were low for today’s economy and there was plenty of ogpo-
sitim from the netians that represant the ITntermatiawl Civil Aviation Orgeniza-
tion. However, any limits set by the IO will ke net by resistance fram parties
that feel their interests were not addressed properly, yet it is inpossible to oo
fram a figure kelow $100,000 to a limit of over a $1,000,000 overmight. Therefore,
if this agrearent and future arrengerents are going to work, the states that are
affected by it must ke able to accept the terms agreed upon in Motreal in 1999
for whet they are - a steping stae for the futre. If these coditians are
accepted as a starting point then the Warsaw Convention modermization plan
will ke able to grow every five years in accordance with the stipulatians stated in
the escalatiom clause.

Tt is important to note that when the 1999 Motreal Cawention provisians go
into ef fect, the amsurer will benefit greatly. Seecifically, tae will ke little, if
any, litigation by passengers to recover full carpensatory dameges for injury or
death; few, ifay, attempts by airlines to avoid paying compensatory dameges
above 100,000 SORs, unless they can clearly show that they were not the
pradmete cause of the accident; and, no litigation over the destruction, danece
ar loss of caropo.
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involved interviews with successful aviation leadership for advice
pertaining to education of future aviation leaders. One of the is-
sues that surfaced from the leaders in that study was the impor-
tance of teaching values to tomorrow’s aviation leaders. This no-
tion raised a number of questions pertaining to values that must be
answered by future research.

Are leadership values such as honesty simply inherent to such
industries as aviation where life and death decisions often depend
upon an industry-wide commitment to honesty? Or are values
critical to survival regardless of the industry? At what point can
values be unleamed or so stressed by the realities of profits or
other industry pressures that they take a back seat to those pres-
sures? Are values teachable and should they be taught either as
a part of industry-specific educational curricula or by organiza-
tional training modes to achieve a best fit with the organizational
culture?

These and other questions and issues explored in this article per-
taining to values have far-reaching implications for the education
of future leaders, not only in the field of aviation, but also other
organizations of our day. Perhaps an understanding of the role of
values in a variety of environments could provide valuable insights
into the leadership pressures that create leadership breakdowns
and failure of not only some of the major air carriers, but also the
Enrons, Global Crossings, Arthur Andersens and other contempo-
rary examples of organizational leadership gone awry.

Introduction

A 1998 study of the Characteristics of Successful Aviation Leaders in Okla-
homa (Kutz, 1998) raised sore basic issues pertaining to the importance of
values to aviation leadership. The Oklahome study irvolved interviews with suc-
cessful aviation leaders throughout the state for advice pertaining to education
of future aviation leaders. e of the issues that surfaced from the leaders in
that study was the importance of teaching values to tororrow’s aviation lead-
ers. This notion raised a runber of questions pertaining to values that must be
answered by future research.

Are leadership values such as honesty sinply inherent to such industries as
aviation where life and death decisions often deperd upm an industry-wide com-
mitment to hanesty? Or are values critical to leadership survival regardless of
the imdustry? Are values teachable and should they ke taught either as a part of
industry-gpecific educatianal curricula or by arganizatianal training modes to
achieve a best fit with the apnizatiarl allture? At what point can values be
unlearmed or so stressed by the realities of profits or other industry pressures
that they take a back seat to those pressures?

A partial answer is foud in a similar study entitled, High Achievers in Fed-
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eral Service in Oklahoma (Carmicheel, 1994). In this study, the researcher
fourd that values were a central source of guidance to the subjects. For these
individuals, such issues as piblic service, religiaus teaching, family, honest
comunication, work ethic, leadership responsibility, ad sensitivity to others
were cantral to their being ard to their professianl coduct. Only two of the
four agencies represented in the studies were aviation related. Integrity wes
pertiadlarly important to the high achievers in the Internmal Revarue Service. The
value of service to patients was particularly important to persamel from the
Veteran’ s Administration Medical Center.

As a part of their research of generic leadership roles, the authors examined
the accounting profession as well as the aviation industry . Acconting, particu-
larly in the area of audit, is especially sensitive to integrity and darece to the
reputation of their fims. Even in professians very sensitive to reputarion, i.e.,
acoonting, the literature reviewed by the researchers indicates that the profes-
sion has been very concermed about audit firms ard their clients becoming too
intertwined in their interests far audits to ke dojective.

The field of aviation has the sare sensitivity to reputation ard integrity with
the additiawl critical issee of hien life at stake. Sadly, however, histarical
evidence indicates that aviation is subject to the same huren frailty as the audit
profession. The profit motive and the pressures inherent in the evirament nmay
well cause seriocus breaches of ethics, even with humen life at stake.

Purpose

Questiaons pertaining to values have far-reaching inplicatians for the educa-
tim of fubre lesders ot anly in the field of aviation it also other industrdes of
our day. Perhaps an understanding of the role of values in a variety of erviron-
ments could provide valuable insights into the leadership pressures that create
leadership breakdowns and failure of not anly sore of the mejor air carriers
such as Pan Am, Trans Wadd Airlines, ard Value Jet, but also the Ewans,
Gldoal Crossings, Arthr Andersens and other contemporary examples of orga-
nizational leadership gone awry . This article is anly the begiming of a layg and
irmvolved process of exploring and understanding leadership values ard their im-
ract a orcenizatians as well as their inplicatians for the education of fubure
leaders. The purpose of this article is to explore what we know today about the
role of values in leadership success ard offer insights and recomendatians for
fubire explaratim.

Values Defined

In order to establish a comm uderstanding of values it is important to
define the tem as it relates to other temms such as ethics, standards, and
principles, all of which descrile an aspect of leadership that shapes the organi-
zatiael altre.

A Comparison of the Importance of Leadership Values
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In a contenporary textbook, Organizational Behavior, (Rddoins, 2001) in
defining values, quoted Rokeach as follows:
Walues represent basic cowictions that a specific mode of conduct or
erd-state of existence is persaally or socially preferable to an ggoo-
site or cawerse mode of conduct or end-state of existence.”

Rddoins aoontimied this thought by pointing cut that in Rokeach’s definition,
values amtain a judgrental elarent that carry an individual’s ideas as to what
is right, good, or desirable, ard that values have both amtent and intensity
varigbles.

The Department of Defense Directive (DODD) 5500.7 Standards of Conduct:
Joint Ethics Regulation defined values as “core beliefs such as duty, honor ard
integrity that motivate attitudes ard actians” (p. 37) . They further defined ethics
as “standards by which ane should act based an values or core beliefs” (p. 37).
For purposes of this writing, we define values similarly to the Alr Force definition
as “aore beliefs that motivate attitudes arnd actians.” We define ethics as “the
standards by which ane should act in keeping with core values.”

Values in Generic Leadership Roles

Regardless of the industry, the setting of oroenizatiaml standards ard the
imrersion in corporate values must be commicated or pecple will draw their
own conclusions from their owmn perceptions of what they see and that can spell
disaster for a campany. Orcpnizatiawl leadership has the resposibility of
modeling values ard irnvolving their people in the process of creating, conmmi-
cating, and modeling shared values.

Orgenizations and individuals face ethical issues and value judgments in
almost every aspect of doing business even in the comumications process.
Individuals face value judgments on what they should reveal on an employment
application to a progpective employer. Mary resumes contain untruths and
mery conpanies ask discriminatory interview questions, both of which raise
ethical issues and require value judgments. Conmpanies meke value judgments
ard ethical decisions about advising aomsumers of flawed products. In the
aviation business as in other businesses, the pressures of a rapidly evolving
business environment place ethical demands on employees and management
to aut comers to meet urealistic deadlines that af fect productivity .

Marty business leaders believe campanies with high ethical standards are
also the stragest campetitors. Intermal ethics programs have been inplemented
in many of these conpanies as a means of evaluating the moral integrity of
business comunication practices.

Kouzes and Posner have done some of the most extensive research on
leadership ard values fram the perspective of both leaders and amstituents. In
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their ok, The Leadership Challenge (1995), they described their research base
of 60,000 leaders and amstituents in both public ard private orogpnizatians world-
wide. They conducted their research in a variety of ways begiming with the
question “What values (persaowl traits or dharacteristics) do you lock for and
admire in your superiors?” (p. 20) fram which they gleaned approximately 225
listed values. Subsequent research irwolved interviews ard actual case studies
ard stories. Hmesty was the value nost identified in every survey. They de-
scribed honesty as the “single most inmportant ingredients in the leader-oon-
stituent relatianship” (p. 22), ard the leader’s behaviar provided the evidence. If
leaders practice the values they talk, omstituents are willing to entrust them
with their careers ard even their lives. They further described the relatianship
between honesty and values and ethics in that pecple refuse to follow leaders
wo lack anfidence in their omn beliefs and who will not express their values to
their constituents (Kouzes & Posner, 1995, p. 20-25).

Values in Aerospace Leadership

Because coments from the interviews with Oklahoma aviation leadership
in the 1998 study sparked interest in further research of value-oriented leader-
ship issues, we begin with a lodk at values in the aviation/aerospace industry
gpecifically and utilize the audit industry as a basis for aonparison parposes.

Aviation is the leading industry in the state of Cklahara. The Cklahom
study included interviews with tgo-ranked leaders in a variety of gpecialties within
the aviation field ranging from a military orgenization of over 20,000 employees
to leaders of air carrier orgenizatians, airport menegers, aviation professiamal
orgenizations, and governrment orgenizations as well as astronauts, naticnal
ard state political and comunity leaders in positians of influence in the avia-
tion comumity. The leaders interviewed were asked to describe their guiding
values ard principles. Cmsistent with the findings of Kouzes ard Posner (1995)
in their study of leadership values, the Kutz study found that honesty was the
most frequently mentioned value. Some of the leaders expressed the notion
that hoesty is inherent in the aviation commnity in that your life and the lives
of others dgpard upm it. The pilot must dgpend an the Air Tt fic Catroller wo
assigns airgpace and the mechanic who signs off an the aircraft to be honest in
the performance of their jdb. Nevertheless, sare of the leaders expressed
concerms that values should be taught and retaught throughout the educational
process.

Ash (2001) described the importance of ethics and values to today’s aero
space leadership ef farts in the United States Air Force.

Technology changes; operations and tactics change; and we speak of revo-

lutions in war as well as generational differences like baby boarers and

Gereration Xers. But truth and honesty are tineless, and they are also as

fundamental to discipline and military effectiveness as anything else. Herein

lies the leadership dullenge. Ask any academy commandant if maintain-
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ing the honor aode and getting cadets to 1ive acoording to sourd ethics are
not among the greatest dhallenges in producing toworrow’ s leaders (p. 33) .

Murphy (2000) described the process used by the military to inculcate its
values to new recruits:

In the Air Force, new recruits never see an F-15. Instead, they have the

comon values and expectations of the Air Force drilled into themuntil this

fundamental understanding is conplete. Afterward, all the training, all the

evolving standards of performence, and all the awards and successes are

built o these first plarks in the arganizatiael platfam (. 33) .

He later described integrity as ae of the core values of the Air Force for
prawting ethical conduct. This is amsistent with the Kutz (1998) study in
which hmesty ard integrity were identified as core values critical to successful
aviation leadership.

As aviation tedmology of the 20® Century gives way to the carplex aero-
space teclmology of the 21*% Century, the respansibility for strag values ard
ethics permeates even the aviation comunications process. Accurate use of
the language in commicating in the aviation industry becomes more complex
ard more important. In the Octdoer 23, 2000 issue of Aviation Week & Space
Technology, an editorial by Mgy addressed the ethical respansibility of avia-
tion to help news media accurately report aivcraft accidents suggesting that we
in aviation do not do encugh to help the media determine the facts and put them
in oontext. Rather than have a spokesmen with little or no tedmical expertise
attenpt to brief the media ard leave a 1ot unsaid so that misinformetion fills the
vacum, Murphy suggested establishing “a dialogue with reporters and editors
to help them uwderstard the accident investigation process ard identify reliable
sources of informetion or coment” (p. 102) . Rather than utilizing press leaks
in an effart to slant ae side of the story so that perosptians of air safety becare
a by-product of miscomumication, the aviation and aerospace industry can
take the high rcad even in their comunications to the public.

Aviatio is a prowd industry respansible for much of the tedmological and
econanic growth as well as societal develgorent in this comntry. It hes aprod
history based on the highest standards grounded in deep values of honesty,
respect for humen life, and the overall good of mearkind. In an era when stan-
dards and values are increasingly carpromised, the temptation for aviation to
lower those standards and reexamine deeply imbedded values may erode not
aly the piblic imege ut also safety in flight. The impact can ke more signifi-
cant than in other industries. When tineliness, economic concerms, and other
pressures of the 21% Century tenmpt us to reexamine those high standards,
safety frequently carprises the pivotal point that defines the line that must not
be crossed.

The weight of establishing and maintaining high values and standards in
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aviatio arggnizatians falls divectly and irdirectly an the leader ar exeautive wo
sets the tone and the emphasis on values by comunication to enployees, but
more importantly by example. Kerm (1998) pointed cut that 95 percent of all
aviators fly as part of sare organization ard the decision mekers of those orca-
nizations decide mary of the trade-of fs between safety ard ef ficiexy, new equip-
ment and old, selection of persomel and types and condition of equipment.
Most studies affecting flight safety have focused on humen and mechine in the
areas of piloting, meintenance, dispatch, ard air traffic antrol He postulated
that we need to look at what management does, and why. It is the ‘“key doices
that menegament mekes that signals its priorities and aviators are quick to take
note” (p. 101) . He cited exanples of ane mejor carrier that came under intense
scrutiny after five mejor accidents over a two-year period kecause of the elimina-
tion of two preflight checks in an attenpt to achieve nore an-time departures.
Sare of those accidants were the result of leaving with too little fuel to aarplete
the trip. Bottam line, ecanaomic pressure affected decision-meking practices
and basic values were corpromised with grave results.

A Comparison of Aviatio Values with those in the Audit Profession

While the aviatiom field geerally has very strag values, it is not alae in this
arientarion. Other institutians are similarly driven by poverful ethical values that
have shown themselves to be wvulnerable to lumen frailty.

Tre field of firancial adit is perticularly value-laden. Because of the dgpen-
dence of financial markets an audit reports of the ecanamic health of the firm,
dojective amalysis of such data by an indspedent auditor is critical. This is wiy
the recent Enron scandal has focused so much attention an ane of the largest
adit fims, Arthr Andersen.

Ringle (2002) discussed the ethical philosgohy of Arthir Andersen himself
who, in addition to establishing the firm by the same rane, was the first sala-
ried president of the New York Stock Exchange. This article quoted Andersen in
a 1941 commencement speech to St. Olaf’s College, “Man must be moved by
hich moral ard ethical cocspts in all of his relatianships. Without this anchor-
ae, he is..lost.”

Moving forward to the arrent day,2hrens (2002) argued that Arthr Andersen’ s
attenpts to recover its public image dameged significantly by the Enron scan-
dal were discussed. The article pointed to newspaper advertisements taken out
by Arthr Andersen as a method of “damage control” in the wake of the Enron
financial collapse. The same article pointed to a February 6 advertisarent in
which Andersen chief executive Joseph F. Beradino mentioned eight times that
“changes” or “fundamental changes” were needed in the fimm's practices.

The Phrens article aotirued stating that the Andersen advertisements are
the work of Chiopak, Leonard, Schecter, ad Associates, a Washington com-
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mmnications firm known for its work with carnpenies having difficulty with public
imege. Andersen hired this firm in response to overwhelming media requests for
conpary respanse.  The result was a series of newspsper advertisements around
the comntry at a cost of up to $80,000 per full-pege offering. This expense
shows how anxious Adersm is to shore up its flagging imecge in the face of the
scardal .

Literatire o the audit profession is replete with articles an the need for audit
independence. One such article (Barlas, 2000) reported that Jerry Sulliven,
exeautive director of the Public Oversight Board (BOB), indicated a strag inter-
est in examining Big 5 accounting finms to assure that auditor independence is
maintained. POB was interested in also locking at whether audit partners have
possibly carpranised their indeperdence by maintaining relationships with audit
clients. Barlas cited the fact that the Securities and Exchange Conmission
(SEC) enlisted the POB in the wake of a Jarwary 2000 report by Jess Fardella,
an independent SEC consultant, who examined independence violations at
PricewaterhouseCoopers (PwC). PwC agreed to spend $2.5 million to set up
an intemal education program as part of a settlement of these charges.

Levinsam (2000) reported on a 4-0 vote by the SEC that proposed new rules
that would cstensibly renove arty potential anflict of interest thet would impair
the absolute independence of corporate audits or the credibility of financial re-
porting. More specifically, the proposal would ber accomnting firms fram provid-
ing audit clients non-audit services such as bodkkesping; financial information
systems design and inmplerentation; appraisal or valuation services; actuarial
services; internal audit cutsourcing; menagement functions; humen resources,
legpl, ard expert services; ard broker-dealer, investment advisory, ard irwvest-
ment banking services. Interestingly, mambers of Cogress criticized the Gair
of the SEC for failing to provide the House Conmerce Camittee or the Senate
Banking Conmittee with empirical evidence showing that auditing plus consult-
ing services reduces audit independence.

Levinsdm’s (2000) article concluded by quoting the SEC Ghair, Arthar Ievitt,
who replied, (to the Cogressiaml criticigm) :
An accountant is not independent when the accountant has a mutual or
anflicting interest with the audit client, adits his ar her on wark, functians
as menagement or an employee of the audit client, or acts as an advocate
far the adit cliet. (. 7)

The audit profession with the financial disaster of Enron as a possible casu-
alty has resisted this direction.

Tndividel Values and Orgenizational Culture

Orgenizatianal culture is defined in a recent textlbock an Orgenizatianal Be-
havior as, “the informal set of values and norms that cantrols the way pecple and
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groups in an orgenization interact with each other and with pegple autside the
organizatian” (Georce & Janes, 2002) . Orcpnizatical culture within individual
finms and within industries is clearly goerative in addition to, and perheps super-
imposed over, irdividel values in argpnizatiawl settings.

Agpin, in examining ethics in the acconting field, the issues of ethics within
the profession versus individual values were studied in a recent sdolarly article
(Douglas, Davidson, & Schwertz, 2001) . In this study, individual values were
fourd to be important, ut were overshadowed by the values of an orcganizaticnal
alture. More specifically, in this study researchers fard thet ethical aultire
& fects individial idealistic values ard idealiam af fects judgment. Moreover, the
moderating effect of culture an judgment will ke more pronounced if the culture

explicitly sugoorts distinct values.

In the sare article, the researchers assert that:
“Socialization theory leads us to expect an eventual cowvergence of persanl
values with those of the organization. Firms mold their menbers to fit the
orcpnizatiaal ewvirvament, or select arnd prawte individuals who already fit
into the prevailing aulture ard cause those that do not to leave” (Douglas,
Davidson, & Schwartz, 2001, p. 101).

Tt is easy to extend the findings in the Douglas, Davidson, and Scwmertz
article to the aviatim industry . As foud by Kutz (1998) , ethics are quite strag
in aviation. From the Doglas et al. stdy, ae may logically infer tlhat the
alture in aviation is the prinery driver of such ethics. I this inferaxe is corect,
it follows logically from the oaclusians of Douglas and her colleagues that
more ethical judgrents might be achievable through more instruction in ethics
ard in a professional code of conduct. In other words, such standards can and
should be taught.

Kouzes and Posner (1995) foud that pecple in orgenizations, regardless of
the industry, soretimes drift when they are unsure or confused about their
values. They tend to know what is expected of them and can better handle
anflicting demerds when they have clarity conceming not anly their own values
but those of their leaders ard the orgenization they represent (p. 214) .

Are Values Teachable?

Bamett (1993) postulated that virtues must be learmed; people are not bom
with them. There is sare evidence to support the notion that they also can be
unlearmed. Enviromment and circumstances can erode even the most commit-
ted. Values can be weakened over time and gradually modified due to pres-
sures of productivity, timeliness, ard profits in arcpnizatians.

Ash (2001) described the urgency of educating Air Force trogpos an values.
In his words,
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“.the educatianal process must never let up but contirually reinforce ethical
fitness. But soldiers, sailors, ard ainmen do not have time to read Aristctle in
the heat of battle. They nmust have already praoed the difficult and norally
anbiguous issues, ard they must have the benefit of a familiar code to carry
them through challenging times” (p. 39).

The very survival of an arganization could poteantially be affected by a failure to
contirually educate and maintain a sense of shared values in an orgenization.
Failure to develop through education and teachable moments a congruence of
values throghout the organization or a failure of leadership to model those val-
ues, which sustain the orgenization through difficult days, can impact the sur-
vival of a campany. For exanple, labor issues could bring a comperny to its
knees if executives sperd money in other ways while cutting salaries ard es-
pousing to enployees and labor their concems for survival of the campary . £
enployees perceive that the actions of leadership are inosistent in that they
sperd maney foolishly (at least fram the enployee’s perspective) on other things
while autting costs an labor, that failure to model amservative spending ercdes
trust ard leaves a perosption that there really is no danger of survival which
ultimately brings a carpary down. It is no accident that a comperty like South-
west Airlines survived 9/11 with ro layof fs and was among the first to begin the
recovery process. Soutlmest is known for consistently modeling and contimmu-
ally educating their constituency an such values as the importance of low costs,
the inmportance of every employee being a leader, the inportance of every jdo (as
demonstrated by the Chief Executive Officer showing up to help line employ-
ees), ard a philosophy of “love” that means going aut of your way to ke there for
each other ard for custarers (Freiberg & Freiberg, 1996) .

Regardless of the industry, cresting a cogoerative, prod industry is the re-
goansibility of its leadership. Kouzes ard Posrner (1993) referenced recent studies
that docurent the key role played by “commity in the relationship between
leaders ard their oanstituents” (p. 130) ard that sense of cammnity is a direct
result of the leader’s effort to build commity through a comon purpose and
shared values. They contrasted competitive and independent leaders who are
seen as dostructive ard ineffective.

The challenge for leaders is how to develop that sense of camumnity and
shared values regardless of the type of organization being led.

Tidhy (1997) described the success of the leadership of Ameritech in chang-
ing the values of nore than 60,000 of its enployees. Tichy ascribed the survival
and performance of Areritech as a tribute to the determination and success of
its leaders in overcaming resistance ard radically changing the values of the
company. Tichy said, “changing pegple’ s values is even harder than changing
their ideas lut in the lag nn it is more important....For change to be effective,
leaders must rewrite the software-the values that guide pecple’s actians” (p.
127).
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A aaxerted effort to teach values is an important part of argenizatiawl devel -
ooent regardless of the industry and can frequently affect the survival of the
organization. That effort can be acoarplished in a variety of ways including
such informal methods as leadership modeling, using teachable moments, in-
formal leader/employees discussions. All of those informel methods should
Supplement a sustained effort to develcp a sense of camon purpose and shared
values through formel group discussians, orgenizaticnal comniqués (i.e. news-
letters, bulletins, etc.), ard classroom instruction both in the academic ard
orcpnizatianl training evirament.

The role of academia in values education can be bread in terms of values ard
ethics classes, which establish the role standards play in determining the fate
of organizations as well as coursework specific with exanples and illustrations
of the role stardards play in individual, orcgnizaticwl and industry success.
For exanple, acadanic instruction pertaining to regulatory requivanents in aviation
could e supplemented with discussion of aonsequences of violations and weak-
ening of standards. Aviation raturally hes a sense of pride in its acoarplish-
ments over the last Century and students of aviation history can leam the re-
gonsibility for maintaining that sense of pride through meintaining the high
stardards that have lrought thet industry to the forefrant as the safest transpor-
tationmode.  Similarly, other industries such as accomnting with a proud history
of hich standards can benefit fran leadership training in the role and importance
of values to success.

The U.S. Air Force, in its new Developing Aviation Iesders (DBL) initiative,
recamended integration of leaming across institutions by developing joint
courses and programs, shared leadership goportunities, faculty exchanges, and
others to ensure that there is amsistency in the educaticnal process (Drden &
Murray, 2001, p. 21). Improved cogperation between academia and industry in
developing leaderships skills aimed at organizational value develcpment and
renewed enphasis on leadership ethics may provide some much needed lead-
ership skill develgorent regardless of the industry.

Instruction in industry-specific values ard ethics may be the catalyst that
ties today 's leaderchip education in technical, menagement, and professional
gkd1ls to another level of suooess irvolvirg practical ggplication of principles arnd
values in the crganizatianal envirament.

Further research is needed in a variety of agpects of values educatio to
avoid the pitfalls of moving too far in ae directim or ancther . Tatatively, how-
ever, findings of contenporary research seam to favor the notion that values ard
value develgoment are important regardless of the industry.

Summary

Even though loss of humen life may be an outcome of lax standards and
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imrate to the imdistry, aviation leaders do not have proprietary exclusiveness an
high standards and values. Other industries such as the audit industry have a
prod tradition of hich standards that is inportant in retaining the respect granted
that industry in the past. The very term “audit” inplies examination and review
for aopliance with high standards. Not anly an aviation organization but other
organizations such as those in the audit industry, also known for high stan-
dards, can be brought to their knees by weakening standards that ercde public
trust. This calls attention to the wgency of atinel and casistent values
education processes regardless of the industry. The importance of contirmal
education on values and ethics that permeates every aspect of every day with
every client may indeed be the secret to survival and success in leading most
orcenizatians.

Although there are potential pitfalls in values education and much research
is neaded to avoid those pitfalls, the potatial pitfalls of failure to develop lesder-
ship skills that address develaorent of shared values in argenizatians are equally
high. Qe possible pitfall in uderstanding values is the “ae size fits all an-
cept.” Kouzes and Posner (1995) cautioned that “successful companies may
have very different values ard that specific set of values that serves ane con-
pary may hurt another” (p. 215) . On the other hand, values such as honesty are
ot industry-specific; although critical to the aviation industry in terms of amnse-
quences, research indicates that honesty is just as essential to success in
audit and other industries with different consequences.
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Interview

Concepts for Air Traffic Course and Lesson Design
for New Equipment Systems Training

On January 16" of 2003, the staff of the Interational Journal of
Applied Aviation Studies (IJAAS) had an opportunity to talk with Dr.
Bob Welp about some of the design concepts he has found to be
useful in the creation of new courses used for skill development on
new equipment. Dr. Welp is an instructional systems specialist for
the Federal Aviation Administration. His Oklahoma office is at the
Mike Monroney Aeronautical Center in Oklahoma City.

Burpose of the Interview
This interview presents concepts for the design of new equipment systems
aourses for Ar Tef fic Gatrol persarel. The focus is an overall course struc-
ture ard individual lesson structure for classroom and cornputer-based instruc-
tim (®BI) lessans. The concspts covered in this interview are desion ideas fram
a variety of sources that have been inplemented in the past five years and
include a rumcer of suggested cawentions for the design of effective cormputer-
based instruction. The oontent for courses that support new equiprent sys-
tems will necessarily vary in length and camplexity depending an the nature of
the system and the jdbo skills to be taught. Experience has demonstrated that
regardless of this vardability, the basic course and lesson structures and CBI
coventions presented here can be used ef factively .

IJAAS: Fivst of all, how should T address you? Do you prefer to be called
Dr. Welp?

Bob Welp: Bd is fire.

IJAAS: Bdb, I know you work for the FAA in Oklahoma City, bt isvt the
division you work for based in Washington, D.C.?

BW: Tis. This of fice sugports our work with the Academy and other
IJAAS: The foous of this interview is an designing courses for new equip-

ment. Is it more difficult to create a course for new equipment?
the new equipment or similation

Requests for reprints should be sent to Beverly Iaughead, FAA Academy,AMA-502, P.O.
Box 25082, Oklahoma City, OK 73125.
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BW:

IJAAS:

BW:

There are a couple of unique challenges. First, you must have
the training ready to go when the equiprent is fielded—sou dn't
have the luwxury of relaxed schedules. Second, the system is
often evolving ard chenging as you are developing the training,
so you are aanstantly leaming, checking, and recycling throuch
the materials to ensure the training is coplete ard accurate.
Third, you are usually working with naticnal workgroups who have
little or ro training develaoment experience or expertise. It's a
steep leaming curve for meny of these pecple.

What would the course structure lock like for a new equipment
course?

We start by designing a course to teach cutcomes. By out-
core, I mean to be able to use the new equipment and perform
all tasks carectly. We then design individual lessons to teach
terminal dbjectives to support the cutcomes. For example, a
terminal dojective might be to perform a single task correctly.
my opinion a course should be designed around ocutcomes and
dojectives ard be taught in the following sequence:

First, teach the basic knowledge about the system. Describe
the purpose, functions, and the architecture of the systenm,
whether using CBI or classroom instruction. Second, organize
subsequent lessans araud terminal dojectives (i.e. jdbo tasks) or
similar functions so that each lesson has a meaningful there,
can ke practiced, ard is easily related to jdo functions. Each
lesson should first teach the knowledge required to leam the
task(s) or functions taught in the lesson. For lergthy courses,
we’ve faurd it useful to intersperse practice lessons that require
students to determine when a task should be performed and to
require them to perform miltiple tasks. This method helps the
leamer translate the training to the jdo. Third, toward the ed of
the course students need to be able to practice (when appropri-
ate ard possible) the skills ard tasks in a similated ervirament
such as a similator or conputer-based instruction (CBI) or an
the actual equiprent. Fourth, at the end of the course include a
knowledge test and a performance check to ensure all tasks can
e performed correctly. The conditians for the performence check
should e as realistic as possible. Iengthier courses may re-
quire periocdic reviews arnd testing to avoid a lag end-of-course
test.

Examples of basic course structures for En Route, Terminal Ra-
dar Approach Control (TRACON) and Tower training environments
are illustrated in Figures 1 and 2. Both structures begin with
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classroom lecture, proceed to CBI to teach equipment opera-
tions, return to classroom lecture for national procedures and
end with practice and performance of air traffic control tasks

using the new equipment or simulation.

Classroom Lecture CBI Classroom Lecture (DYSIM or other
Simulation
—-)p —-)
e Introductions e CBI lessons e National e Practice
e Outcomes alternate with Procedures procedures &
e Standards classroom reviews tasks
e Course and simulation e Performance
Organization practice; periodic Check
knowledge and
performance
checks

Figure 1. Generic Course Structure for En Route / TRACON Trainirg.

Classroom Lecture CBI

-— mmp training
e Introductions e  CBI lessons with e National
e Outcomes a knowledge and Procedures e Practice tasks
e Standards performance and procedures
e Course check at the end (if possible)
Organization e Performance
Check

Classroom Lecture Hands-on practice

or on-the-job

Figure 2. Gereric QGourse Structure for Tower Trainirg.

IJAAS:

BW:

IJAAS:

You've brought sore visual exanples of two structures for course
develgoment. We plan to print those exanples in the jourmal.
Would you like to comment on them?

The main difference between the two structures is in the way the
CBI is presented. In the En Route and TRACON environments,
CBI should be alternated with classroom discussion and simila-
tion practice (a more detailed depiction of this cycle is shown in
figure 3) . For exanple, in the En Route envirament, where class
size is typically eidt sodats, it is possible far all eidit stu-
dents to similtanecusly take (BI, retum to class for a brief dis-
cussion and review, and then go to Dynamic Similation (DYSIM)
to apply what they have learmed before repeating the cycle. This
is an effective ggoroach to leaming because it bresks the training
down into smaller “clnks” and allows students to leam ard ap-
ply ae or two tasks at a time.

So there are two structures and what you just described was for

Interview: Concepts for Air Traffic Course and Lesson Design
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Course Stucture forCBIas
Prin ary M edia

Classroom CBILesson
Thtoductory Lecture Expanded View

CBILessons Lesson O vexvew

G enemlKnow kdge Lesson
Lesson Body: hdiviualTopisw th
Task Lesson Asm any as needed) em bedded questbns and practie
iem s

¥

End-oflesson exerckes w ih lnks

C ssroom to Esson content
Revew /Q uestbn and Answ ers
Sinultion orActual End-ofLesson sum m axy /next
. Bsson prEviEw
Equipm ent

Task Practe

CBILessons

Task Practice Lesson /D rills

Know Bdge Check Lesson

Perfom ance Check Lesson

Classroom
Pmwcedures hstucton As needed)

¥

Simulktion orActual
Equipm ent
Perfom ance Check

Figure 3. Computer Based Instruction Course and Iesson Structure.

BW:

IJAAS:

the En Route and TRACON environment. What does the class-
room and (BT mix lock like for the Tower environment?

Intle Tower envirament, where class size is typically four stu-
dents, there are usually not enocugh (BT workstations to permit
all students to take the BI together, o this gle will ot easily
work. However, the amouat of informetion ard skills that nesd to
e leamed to use a Tower air txaf fic systam are also usually less,
which reduces the need to “dhurk” the instruction. So we have
fard thet in the Tower ewvirament it is often practical ard ef fec-
tive to have students carplete the (BT an their omn prior to at-
tending classroam instruction and practicing an the actual equip-
ment. We include a performance check on the CBI to ensure
students are ready to advance to the more realistic and conplex
envirament of using actual equipment or similation.

Are there other differences between the En Route/TRACON and
Tower environments?
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BW:

IJAAS:

BW:

Yes, axther dif ference between the En Route/TRACON and Tower
awviraments is the capability of providing realistic practice and
performance checking The En Route and TRACON training de-
partments can replicate realistic, dynamic air traffic sosarics
throuch the use of similation. This affords the air traffic cotrol-
lers an goportunity to practice individial and miltiple tasks. The
Tower envirament does not have such a capability. They em-
ploy site-specific systans ard the visual aspects of the Tower
cab view camet be easily similated. This often limits the real-
ism possible for practice and performence checking.

T am familiar with the differences between leaming to gain knowl -
edoe ard leaming to cpin a skill. Tt would agpoear thet your leam-
ing autcare is to achieve westery of a set of tasks. Does this
mean that each student must perform perfectly?

I'm glad you mede the distinction between two of the types of
leaming cutcomes.

In our new equipment lessons we do aim toward the mastery
level of competence. Mastery level carpetence is measured on
end-of -course knowledge and performence checks. Considering
the safety—critical matre of air traffic aotrol ad the fact thet
aotrollers must be ready to use the equipment right after they
finish training, the standard for knowledge and performence checks
should be 100%, but the performance check doesn’t have to be a
peinful experience. A couple of key design features have helped
us design knowledge and performence checks that result in high
achievement ard are well-received by students. First, the tests
are carefully designed to include only important knowledge and
gkills. Secad, we try to avoid the classroom setting, where the
logistics of passing aut, taking and scoring tests can be cunber-
sare. If the knowledge in the lesson requires testing, we recan-
merd the test be an BT rather than using a written test because
the test can be self-paced and missed items don’t bruise egos
the way they might in a classroom setting. If the tasks taught in
the lessm require testing, the test should ke conducted first an
CBI, then on the actual equiprent or a similator, if possible.
Third, the tests are efficiet in thet sodats oet a list of the itams
they missed ard they can then retry the item or receive supple-
mental instruction. They anly need to retake the itans they
missed. When asked, most students have told us they would
rather e tested on important information and skills ard ke re-
quired to get them all correct rather than be tested an everything
ard aonly be required to achieve a 70 or 80 percent correct score.
Also, for knowledge check items, when a student misses a ques-
tim, we present a different question or an altenate form of the
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question so the student doesn’t just focus on the answer. I
stead, they review all of the cotent related to the dojective be-
cause they know they will get a different question.

IJAAS: Does the goal or purpose of the training influence the design?

BW: The goal or purpose of training should be captured in the course
outcomes, and these ocutcores should match the jdb as closely
as possible. The goal or purpose should also include all tasks
that are performed on the new equiprent. In my cpinion, the
best training has course cutcores that include all tasks and
require mastery under jdo-like aonditiaons. Then the course design
and structure decisians are mede to support this goal.

IJAAS: Do all courses start in the classroom?

BW: Generally, the first lessm of a corse is presanted in a classroom
lecture format ard includes the course length, structure, ard the
schedule of leaming events.

Table 1
Course Design for Tower Data Link Services Air Traffic Control Specialist Course.
Training | Length | Instructional Media Testing
Task # (min.) Strategy
Overview of TDLS 1,2 20 Tutardal CBI Knowledge,
Performance
Basic TDLS 8, 9 15 Tutardal CBI Knowledge,
Operation Demo Performance
Practice
Flight Data Irput/ 3 5 Tutarial CBI Knowledge
Output Application
Pre-Departure 4,5 12, 13 30 Tutardal CBI Knowledge,
Clearance Demo Performance
Application Practice
Digital Automated 6,7 15 Tutardal CBI Knowledge,
Terminal Demo Performance
Information Practice
System (D-ATIS)
Operation, Part 1
Advanced D-ATIS |6, 7, 9, 10, 15 Tutardal CBI Knowledge,
Operation, Part 2 11 Demo Performance
Practice
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Review and Practice 15 Test CBI Knowledge,
Performance
CBI Knowledge Test 10 Test CBI Knowledge test
(90% to pass)?
CBI Performance 10 Test CBI Performance test
Test (100% to pass)
Facility Instruction TBD Tutarial Lecture N/A
on Local Procedures
and Configurations
On-the-job training TBD Demo OJT |Performance test
and performance Hands-0On (100% to pass)
check Practice
The first lesson may also present general system knowledge if
not presented elsewhere.

IJRAS: Iet’s talk about course design in a little more detail. We've
briefly covered sare aspects of course design, but could you
give us an exanple of a specific course?

BW: This graphic (see Table 1) provides an example of how the

guicelines were goplied to the Tower Data Link Services (TDLS)
ATCS Course as derived from the TDLS Training Development
Plan. Gereral system information is taught in the first lessm -
Overview of TOLS. Notice that each lesson teaches at least ane
task (colum 2) ard all tasks are taught. Also notice that an-
the-jdb training was used for the performence check. This was
because neither similators nor training devices were available.
To help ensure that the course would ke ef fective under such
circumstances, the CBI was designed to closely replicate TOLS
functions and included practice and a performence check for all
tasks. Given the comprehensive nature of the CBI, it was
determined that a classroom lecture was umecessary. The
information normmally required in the first lesson (course length,

* In this course, the knowledge test standard was raised from 70% to 90% as a trial to
determine the feasibility of using higher standards. Results of this trial and a secad trial
using a 100% standard demonstrated that standards for knowledge tests could be set at
100% if two design features were incorporated: (1) limit the test items to knowledge that
is truly essential to leam to cperate the system properly; and (2) provide access to review
material when a question is missed and permit retries of the question.
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IJAAS:

BW:

IJAAS:

BW:

TIJAAS:

etc.) was placed in a separate docurent so instructors could
inform students before taking the CBI. The TDLS Course design
illustrates how the basic course structure serves as a guide for
course desion and then is refined to adapt to the unique
circunstances or requirarents of training delivery in the field

T would like to prdee a little desper into the mechanics of lessm
plan develgoment for the classroom. You've given us some
general things to think about, but perhaps you can fill
the details of this developrental process.

Classroom lessons will generally be of three types: (1)
instructiaml lessans for presenting the topics and tasks, (2)
review lessans to go over student questians and review key poirts,
and (3) practice lessons for conducting practice on actual
equipment that may be located in the classroom. Instructional
lessons should be organized around the four elements: the
purpose, lesson dojectives, lesson body, and lesson review.

Perhaps you can talk about these four elements in more detail.

When describing the purpose, we begin with a general description
of what will ke taught. For example, “This lesson will introduce
the Tower Data Link Services and provide general system
information.” We follow the purpose with lesson dojectives, in
plain language describing the behavior to ke leamed. For exanple,
“You will identify the puarpose, functians, ard cdharacteristics of
the Airport Movement Area Safety System.” Or, ‘Yau will ke
able to gpen or close a rumay, change the oonfiguration of the
airport, ard dhance the divection of the leader lines o the Airport
Movement Area Safety System.” The dojectives also serve as a
gquice to the main topics of the lessm. We then tell the students
whether or not the dojectives will be tested arnd how they will be
tested. We recommend presenting the content of the lesson,
ae dojective at a time, teaching the knowledge that is gpecific
to each task before teaching the steps to perform the task. There
are at least three ways you can sequence the content of a lesson.
You can orgenize arourd visual informetion, such as displays or
merus, in which case the sequence would be left to right, top to
bottam of the display.

Does that describe a person’s natural scan tecmique?
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BW:

IJAAS:

BW:

IJAAS:

BW:

TIJAAS:

Yes it does. When displaying visual infometion it is inportant
to follow the normal scan pattem used by most leamers. Learmers
start at the top left and scan to the right ard down.

This would be particularly important to know if you were a CBI
developer. What other teclmiques do developers use to display
informatian?

Although everything on a corputer screen is visual, we can't
forget that there is a cognitive, meaning-secking element to
processing information. One teclnique we use is to teach
concepts, procedures, or cperations from simple to complex.
Procedures and operations are usually displayed in steps. This
is a ratural ard jdo-related sequence that establishes a directio
and meaning of the content. One last sequence I would like to
matim is far miles. Althoh it’ s a little anfusirg, Air Tif fo
rules are called procedures and they tell you when you must
take certain actians. These rules are best taught starting with
general situations and then covering specific and uusual

Lectures can ke rather boring if the students do’t have an
cpoortinity to interact. Do you provice activities for the students?

I'm glad you mentianed interaction. I think it’s very important
and it can take several forms depending on the nature of the
aontent and the media you're using. ILet me take a mirute to
descrilbe sare of the types of interaction you can use in the
classroom. One is embedded questions. We use embedded
questions to enhance recall of facts or concepts. Another is the
“Wat if” goolication questions. A “What if” question pronpts
students to aoply rules. When practical, we also include hards-
a1 practice. Hards-an practice provides an ogoortunity for skill
develgoment, especially if students need to be able to perform
quidkly. Interaction improves leaming when it is meaningful and
it better prepares students for testing. I like to close my
coments about classroom lesson plan development with a
mention of the lesson review. The review should not be sinply a
list of the dojectives/tgpics covered. Tt should be used to cover
any teaching points that are key, conplex or aontroversial, and
every review should include a reminder to the instructor to ask
students if they have any questins.

Yau've covered the key elarents of the classroam lecture method,
but we haven’t heard much about CBI. Is CBI development
different from traditional classroom lesson plan develooment?
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The instructional tedmiques used in (BT developrent are similar
to those used in the traditional classroom. Remember, we are
only talking about a change in medium, not a change in
educational approach. The CBI medium offers us some
goeortunities that are not possible in lecture. The two nost
significant of these that core to mind are the cgpability to
replicate equipment displays and entry devices and being able
to allow students to work at their omn pace. A generic course
and lesson structure in which CBI is the primary medium used
for the en route / TRACN erviranment is shown in this graphic
(see Figure 4). Notice that while (BI provides much of the
instruction, it is not the only medium used. Classroom
instruction, simulation, and actual equipment, are generally
necessary for a course to be effective.

So no ane medium holds all the keys to successful campletion
of the course. Each one has its strengths and weaknesses.

Right. So let’s talk about (BI develooment. Effective (BI will
gererally have four types of lessons: (1) instructicmal lessons
for presenting the topics ard tagks, (2) practice lessans for task
practice, (3) knowledge check lessons for testing knowledge,
and (4) performance check lessons for testing task performance.
Similar to classroom lecture, CBI lessons should be organized
around the four elements of lesson overview, lesson body, ed-
of-lesson exercises, and end-of-lesson sunmary. The lesson
overview informs the students of the topics they will leam about
ar the tasks they will leam how to perfarm. 2n ef fective (BT
overview can be acconplished on a single screen display. The
lessn body presents the individual topics of the lessm. For
new equiprent systems training, this should again follow the
pattem of first presenting the knowledoe relevant to the gkills or
tasks being taught in the lesson. Each skill and/or task would
then be presented (e.g., steps presented for students to follow)
or demmstrated followed by an opportunity for the student try
the skill/task. This process would cotirue until all skills or
tagks for the lesson have been taught. At the erd of the lessm,
present the student with questions about the topics and/or
practical exercises to practice the tasks. The students should
e required to conplete each question or exercise correctly.
Because we’re still teaching at this point, incorrect responses
should result in corrective feedoack so the student can retry the
question. Students should also be told what they missed and
have the ggportunity of retuming to the point in the lessm where
that cattent is presented (1.e., hyperlink) . Firally, end the lesson
with a list of the topics covered.
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When you talked about classroom lecture development, you
specifically mentioned what you would do in the first classroom
lesson. What does the first BT lesson lodk like when you develcp
a new equipment course?

Unless taught elsewhere, the first CBI lesson should present
general knowledoe about the system or topic to be taught. For
new equipment systems, this includes such topics as: system
papose, functians, featuwres, copanents, finctianl architecture,
capebilities, specifications, imput ard display devices, ard irput
and navigation methods. Tn addition to general knowledoe taudht,
the first lessm of (BT should also amtain an overview of the GBI
lessons, performence and knowledge test information, and
rnavigatio informetion. In the overview inform the students of the
mmber of lessons and lesson topics. Describe the knowledge
and performence check lessons ard the standards for conpleting
each. Firelly, explain any special proosdures required to navigate
the (BI, such as the use of a trackall, special keybcard, or
other imput device. The last three lessans should always be
task practice, knowledge check, and the performance check.

BT develgorent is still relatively new. It is much younger then
other media. In the past few years, what have you leamed about
inmproving CBI? Do you have anything you would like to pass on
to our readership?

Sure. Fram 1998 to 2002, eight air traffic new equipment systeans
training programs using CBI were developed (or revised),
evaluated, and fielded. These programs include: Alrport
Movement Area Safety System (initial system and Build 5), Tower
Data Link Services, User Request Evaluation Tool (initial system
ard Build 2), Cotroller-to-Pilot Data Link (A(ARS and ATN
versians), and Airport Surface Detection Equipment Model X.
Lessons learned for course develcpment and design were
campiled for each of these for use in improving subsequent
training programs. Many of these lessans learmed were divected
at streamlining and enhancing (BT and have resulted in a rumber
of (BI design cawentions that have been inmplemented over this
pericd. The list does not include basic principles of instructiaal
design, and I dxn’'t amsider it to ke an extaustive list of
cawventians for delivering instruction via (BI. The list does,
however, represent the most significant design improvements
we have made in the last few years and has clearly resulted in
improved CBI (see Addendum). One convention is to design
lessons to be about 20 mimutes and no longer than 30 minutes.
This results in several benefits. Tt gives studants a greater sense
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of progress and accormplishment in completing the lessons,
reducirg the frustration of lag lessas. Tt is a pace better suited
to GBI then the traditianl classroom schedule of 50 to 60 mirutes
because CBI usually covers about twice as much content than
classroan lecture in the same amount of time. It invites the
students to go take the (BT because students feel like they can
meke progress in the course and finish a lesson or two even
when they have limited time to get to the (BI room. Another
area we have been leaming about is how to teach multiple
methods of operating equipment. When multiple methods are
possible (i.e., from different input devices such as keyboard,
mouse or trackkall or fram different screens, merws, or hot keys),
geerally it is best to teach all methods (unless the experts
indicate otherwise). But during End-of-Lesson Exercises and
the Performance Check, allow the student to choose which
method to perform the procedure.

What if teaching all these methods is impractical or interferes
with learning. What would you do then?

Saretimes there are just too many possible methods and it
would either take too lag to teach all of tham or, there are so
merty that students have difficulty mastering even one. When
that hepoens, we teach, practice, ard test a single, expert-
preferred method, mention that other methods are possible, and
dirvect students to the cperator marwal for more information.
Irother altermative is to teach, practice, ard test a single expert-
preferved methad fivst, then selectively teach ae or more altenate
methods, as necessary. The key is to select methods that are
known to be useful, such as a short-cut method.

Well, we have taken a close lock at the develcpment process for
new equipment courses. You’'ve made suggestions for
develogrent in both the traditional classroam ard for (BI. And
you ended orr discussion with a rather detailed list of cawventians
you use in developing CBI lessons. We appreciate your taking
the time to meet with us. Do you have any parting comments?

YesIdb. The progress we have seen the last four and ane half
years has been possible because of the way we are approaching
our training programs. In the past, each program was a sirngle,
isolated process where the there was no mechanism or central
repository for sharing ideas across programs or building an the
best concepts. Each program seemed to start from ground zero.
Now we are using the quality concept of “continuous
inprovement.” We do this by using a conmon scale to measure
results and we put together lessons learned for each program.
We basically expect each training course to be complete,
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accurate ard effective for all students. But in addition, we rate
the courses on a variety of dimensions and gather comments
fram students and others irvolved with the training. When a new
program starts, we examine the ratings and coments not only
to improve the course we are working an, ut also to carry forward
the best ideas ard tackle arty remeining prdolem areas for future
aourses.  This way, we are constantly improving the way we
design, develop, ard deliver the training. A side berefit of this
kind of approach is that encourages everyone to get irvolved in
generating ideas and solving prablems, including students, and
it creates a sense of “ownership” among the marny pecple and
orcpnizations associated with the training. I'd say it has helped
us create a caomon goal among training team members - “beat
the last training program’s score and achieve excellence.”

IJAAS: Tharks for meeting with me today and providing such an insightful
lock into lesson desion for new equipment training.

BW: It was my pleasure.
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Addendum

General CBI Design Conventions

1

10.

Enable students who have exited CBI prior to conpletion to retum to
the same location in the instruction where they exited.

Highlight the “next” buttan an the (BI navigation bar to cue students to
advance to the next screen.

Use bulleted text phrases (i.e., 5-7 words) rather than conplete
sentences and maintain adequate “white space” on the screen.

Avoid acronyms and engineering terms and wherever possible, use
comonly known air traf fic termirnolagy .

For instructias an the left of the screen, initially tell the studats a
aouple of times (in the rarration) to use the instructiaons to perform the
finction. Then, just say to do the functim.

During exercises that include narration, allow students to attempt the
exercise (i.e., stop audio and respad to a question or meke an entry)
rather than havirng to wait until the narration is coplete.

Altermate rarrators between lessans; preferably using a mele and farale
vaice.

Design lesson to be about 20 mimutes and no longer than 30 minutes.

Keep narration segments relatively short (30 seconds meximum) to
maintain interest and attention and to prevent students from having to
replay lengthy segments when they are distracted.

When multiple methods for performing an equipment procedure are
possible (i.e., fram different irput devices such as keyboard, mouse or
trackiall or fram different screens, merwus, or hot keys), generally it is
best to teach all methods (unless the experts indicate otherwise) .
During the end-of-lesson exercises and the performance check, allow
the student to choose which method to perform the procedure.

When teaching all methods is inpractical, interferes with leaming, or
is not necessary, consider altermate approaches such as:

Teach, practice, ard test a single, expert-preferred method.

Teach, practice, ard test a single, expert-preferrved method,
but mention that other methods are possible and say where to
go to find cut how to perform them.

Teach, practice, ard test a single expert-preferved method first,
then teach one or more altermate methods, as necessary.
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14.

15

Provide practice exercises for each skill or task. In the lesson body,
follow every presatation of a skill or task with an exercise that requires
the studat to try thet gkdll or task at least axe.

. When equipment system entries have to be made, show the entry the

student mede, even after incorrect respanses (so the student can find
and correct an error) and provide the actual system feedoack.

In the end-of-lesson exercises do not provide feedoack on correct
questions or exercise itews (other than displaying the word “Correct”)
unless there is a key point to meke. For incorrect questions or
exercises, provide corrective feedoack and give the student another
oocortunity to aoplete the item. At the end of the exercises, display
a list of the items ard indicate which items the student carpleted
aarectly an the first try. Provide a “hot 1ink” fram the itams an the list
to the correspading instruction in the lessm.

Generally, a (BI course should require students to proceed through all
instruction in a pre-established sequence that has been designed to
ootimize leaming (an exosption might be when using pre-tests to target
instruction) . Once the instruction has been campleted, the student
should ke able to retum ard navicate through the (BT with relative
ease, essentially permitting randaom access to content.

The standard for knowledge and performance checks should be 100%.
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