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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 any of the
articles in this jomrel.

Disclaimer of Liability :With respect to articles available in this jomrael,
neither the United States Goverrment nor the Federal Aviatiom Administration
Academy nor arty of their employees, makes ary warranty, express ar implied,
including the warranties of merchantability and fitness for a partiaular purpose,
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Academy.The views and opinions of authors expressed herein do not state or
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PHILOSOPHY STATEMENT

Cormelius Lanczos, a methamtician 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 pepers, in subjects related to aviation, 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 enough that aonclusians are dramn, if those coclusians 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 aarplete
system. Industry, ever mindful of the coplete systam, mey find research irrel-
evant, because it mekes much to do about nothing.

The editorial staff, to include those listed as axsulting editors, is comitted
to the improvament 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 gysical world is to
incorporate the viewpoints of pecple aroud the gldee. Without the influence of
a worldwide community, we deny the significance of diversity, and ignore the
perspectives of gifted scientists fran different cortries. It is axr hope thaet 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
Formal Papers

Johnson, Rantanen, and Tallar describe the developrent of metrics of pilot
performence derived from time series of various flight parameters and examine
their descriptive power and sensitivity against data from two pilots with known
differences in performence.

Aviation policynekers may find the Bowen and Iu article to be quite interesting.
The authors present their argument that sericus deficiencies exist in traditiaal
policymeking and propose a policy research construct that they contend not
aly tries to address the core of policy amalysis ad policy evaluatian, it also
tries to bridge the gap between two policymeking doctrines.

Since gpatial disorientation (SD) in flight is a frequently mentioned cause of
accidents in military aviation, military aviators may find the Kallus and Trogoer
article interesting. The authors caxducted a study to evaluate the efficiency of
a disorientation-recovery program using the Airfax DISO flight similator.

Those interested in inmproving the aviation safety aculture, as well as aviatiom
educators ard trainers interested in instruction for cawerting fuel an board into
flight time ad preflight ingpeection instruction, will fird the Dillmen, Iee, ad
Petrin article to be of interest. Using the hypothesis that there were deficien-
cies in the preflight process of sare students, the authors conducted a study to
determine whether standardizing the process of preflighting an airplare for flight
students as a group would strengthen the process of establishing the culture of
safety far a given flidt.

Those interested in the humen factors approach to aircraft maintenance may
fird the Fogarty article to ke of interest. Fogerty used climete surveys in com-
bination with the tedmiques of miltivariate amalysis to capture elarents of the
accident causation process and to test different models of how the components
of the system work to conduct a study in which the main aim weas to build a
model that captures the mejor sources of variance in meintenance errors. Fogarty
argues that these models then can be used to direct interventions aimed at
improving safety performance in the maintenance envirorment.

Although admitting that their study may generalize most to novices because
professiasl air traf fic antrollers were ot available, Mgy, Smith, and Hancock
provide a antribution to the basic erpirical uderstarnding in the relationship
between task demand and the occurrence of errors of anission and of commis-
siom through their study caducted in a simulated En-Route air traffic control
envirament .
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Readers who are interested in the huren performence issues concerming pilots’
use of GBS tedrology in aviation mey fird this next article to be of interest.
Focusing specifically on the use of ocockpit-mounted GPS receivers, Adam,
Deaton, Hansrote, ard Shaikh performed an investigation with the goal of deter-
mining appropriate recomendatians pertaining to safe, efficient, and effective
interface design ard to provide an understanding of the effects of GPS use o
pilot behavior ard performence.

Using the Piper Warriar insteed of a heliapter, the Clarke, Deaton, Villaire, ad
Shaikh study was an extension of research performed by the Navy, to determine
a more effective way to provide infometion regerding the aurrent state of vital
systans or corponents that oould reduce errors and alert pilots to potential
melfinctions. Using two prototype interfaces that they developed and tested for
a system called Sell Aircraft Maintenance Monitoring System (SAMMS), Clarke,
Deatan, Villaire, and Shaikh canpared the two prototype interfaces, which pro-
vided more direct ard detailed information about a failure, to the current me-
chanical fault detection system in the Piper Warrar.

This issue includes a secad article for military aviators. Gawron presents her
study of the research conducted on the effects of G on humens.

Training Developrent Reports, Studies, and Papers

This next article may ke of interest to those irvolved in wniversity academic ard
flight training. Qe attenpt to alleviate the developing pilot shortage in the U.S.
airline industry ard bridge the gep between the university academic and flight
training ewiranent to airline codkpits is presented in the Karp article. He
presents a training nodel that includes flight training fooused an airline-type
crew procedires ard dedklists, the use of gpecific airline flight training devices
and motion-based similators, and cooperative student candidate selection and
enployment interview agreements between regianal airlines and universities.

Today’ s leaders, as well as future leaders, in aviation mey glean sare interest-
ing points from the Ktz and Bliss article. They provide a aorbination of a
literature review sumery ard the findings of a qualitative study of the menage-
ment and leadership styles and relational conmpetencies exhibited by aviation
leaders.

After presenting an extensive background an deregulation, its effects an the
airlines, and the changes in flight scheduling, Shank and Shermen relay sare
d American Airlires’ experiences with hub depeaking.

Book Reviews

Our bock review for this issue, Air Rage — The Underestimated Safety Risk by
Arngela Dahlberg, is provided by Deak Arch and Mark Sherman. They argue that

International Journal of Applied Aviation Studies



the book’s format mekes it readable and useable. Dahlberg presents available
information an air rage, fram the situatians that provoke the perpetrators to the
steps to be taken to contain cutbresks. Recomending the bock to all aviation
amployees, as well as the piblic in general, Arch and Sherman encourage
wmniversity-level hiren factors instructors to utilize the text.

B.S.L.
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Formal Papers

Time Series Based Objective
Pilot Performance Measures

Nicholas R. Johnson,
Esa M. Rantanen, and Donald A. Tallar
Institute of Aviation, Aviation Human Factors Division
University of lllinois at Urbana-Champaign

Savoy, IL 61874

Abstract

Automated objective pilot performance measures potentially en-
hance and expand traditional proficiency evaluation methods by
an instructor pilot. Quantitative performance data also can be uti-
lized in research and subjected to various analyses to reveal co-
vert patterns in pilots’ performance. In spite of a relatively long
history of research, routine use of objective measures is still rare.
Considering the nature of many flight tasks, it is relevant to investi-
gate the behavior of various flight parameters over time. In this
paper, we describe the development of nine specific metrics of
pilot performance derived from time series of different flight pa-
rameters and examine their descriptive power and sensitivity against
data from two pilots with known differences in performance (good
and poor), as judged by an expert instructor pilot. Two
autocorrelation based metrics and seven Fourier analysis based
metrics are evaluated. Initial results showed these metrics to be
both sensitive and diagnostic in differentiating between good and
poor pilot’s performances as determined by the instructor pilot.
The findings are consistent with the hypothesis that a skillful pilot
will control the aircraft with a greater range of frequencies of input
than a less skillful pilot would, making adjustments appropriate to
the circumstances whereas a poor pilot appears to make the same
adjustment regardless of the actual magnitude of the adjustment
needed. The results showed the potential usability of performance
metrics derived from time series data and that it is possible to
discriminate between good and poor pilot performance using this
approach.

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-500-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Introductian

(ojective pilot performence measures are very desirable for a miltitude of
purposes and for meny reasons. Autamtic data collection has the potential to
enhance ard expard traditional proficiency evaluation methods by an instructor
pilot by alleviating the time amstraints ard informetion overlead often associ-
ated with direct doservation. Furthermore, quentitative performence data can be
utilized in research ard subjected to varicus statistical amalyses to reveal un-
derlyirg, covert pattems inpilots’ performence. Not surprisingly, dojective pilct
performence measures derived from flight data recorders (FDRs) or data output
fran similators have a relatively lag history of research (e.g., Gerlach, 1972;
Vreuls et al. 1975; Stave, 1977; De Maio, Bell, & Brundermen, 1985; Benton,
Corriveau, & Koonce, 1993) . In spite of this, however, it ggoears thet a relathwely
gmall rumber of distinct dojective metrics have been utilized in research, and
routine use of dojective measures are still rare. There are several notable do-
stacles to application of these measures. For example, Vreuls and Coermayer
(1985) noted that the intermal processes that drive goerator actians are not do-
servable ard that few theories of humen performence exist to predict what should
e measured and the relative importance of each measure. Furthermore, task
segmentation is necessary for automated performance measurement, making
the process difficult. For mexdmm utility in training, performence measures
need to ke available ard discemible in real time or as close as possible to the
aorpletion of the training session as well (Vreuls & Cbermayer, 1985) . How-
ever, while these prdolams are udeniable ard dif fiadlt to overcare (c.f., Rantanen
& Tallar, 2001), they are arguably cutweighed by the potential benefits of dojec-
tive measures, meking contimal research an the latter important.

Objective Pilot Performance Measures in Aviation Research

One of the most comon dbjective metrics is the standard deviation (SD) of
selected flight parameters. This metric describes the amount of variability aroad
the mean of any series of values. A amall D in the case of pilcting an aircraft
will usually be indicative of good performence. For exanple, Svenssm, Angelborg-
Tharderz, Sjdoerg, and Olsson (1997) examined the effects of information com-
plexity an pilot mental worklosd and pilot performence in a similator and found
that altitude deviations increased and correction of errors were delayed as a
result of increased workload. In addition, Hill and Eddowes (1974) used SD to
distinguish between begimming, intermediate, and advanced pilots (based on
hours flown) during similator flights; SD variables produced the highest propor-
tion of statistically significant differences between groups (32%), followed by
tracking variables (18%). It is important to note, however, that SD does not
provice any infametio about possible error relative to given criteria.

Root mean square error (RMSE) is a widely used measure of tracking perfor-
mence (e.g., Scallen, Hancock, & Duley, 1995). It can ke used to reduce the
tracking perfomence alag a specified parameter value, or criterion (e.g., a
given altitide, or MR radial), in the ettire segrat of a flight into a single

International Journal of Applied Aviation Studies



number .A low rumber typically indicates good performence. The RMSE is cal-
aulated by squaring individual errors (sampled at certain rate), adding them
together, dividing this sumby their total rinber, and then taking a square root of
this quantity. The RMSE hence summarizes the overall error. In a stdy by
Reising, Ligget, Solz, and Hartsock (1995) the RMSE measurements were suc-
cessfully used to reveal pilot performence differences when using two different
types of head-up displays (HDs) . Subjective feedoack fram the pilots corrdoo-
rated the results. Ververs and Wickens (1996) measured mean absolute errors
of altitude, heading, and airspeed, alag with reaction time to a stimilus event
to investigate the effect of clutter and low ligiting an HD assisted flight in a
high fidelity flight similation envirament. Tracking error was used to determine
that pilot performrence was better in a clear sky condition then a cloudy condi-
tim, indicating better extraction of aircraft pitch ad roll infametion fran atside
the aircraft; either fran real horizon or the HD display .Also Stave (1977) mea-
sured performance in a simulated heliocopter flight task by RMSE from naviga-
tional course and an angular deviation from the Instrument Landing System
(ILS) approach.

The RMSE has a number of shortcomings, however. Tt does ot catain infar-
mation about the direction of deviations or the frequency of deviations fram the
criterion. The latter is particularly important dimension of tradking performence,
as it would allow far detection of high velocity error in tradkdng while the position
error (measured by the RMSE) might be minimized (Wickens & Holland, 2000) .
To overoare these limitations, additicnal measures of tracking performence are
available.

The runber of deviatians autside tolerance (D) is a measure that tallies the
ocaarrences of the aircraft straying cutside predetermined tolerances (Reyrnolds,
Purvis, & Marshek, 1990). This is essentially a measure of velccity error in
tracking and it complements the RMSE, which contains the error magnitude
infometion. A low runoer typically indicates good performmence. A low value,
however, can also ke dotained if the pilot mekes few aberrations autside the
tolerances but stays there for a substantial proportion of the flight segrent of
flight. The ND measure must hence be considered together with the total time
Spent cutside tolerance in a given segrent. The cumulative time the aircraft
Sperds autside a given tolerance provides an indication of tracking performence
beyond the RMSE and mumber of deviations. This measure is computed simply
by suming the time the pilot gpends cutside of a given tolerance and divided
by the total time in the segrent (i.e., percent time autside tolerance) . A swll
nunber indicates good performence. Sirevaag et al. (1993) tock aircraft control
measures from a heliogpter similator in a study investigating the effects of
verbal and digital commication loads on pilot performance. The measurement
of time above an altitude criterio produced significant differences between ex-
perimental task coditians.

Time Series Based Measures

15
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Rantanen and Talleur (2001) developed a metric labeled mean time to ex-
ceed tolerance (MIE). The MIE is computed from the rate of change between
successive data points and the aircraft’s position relative to a given tolerance.
Based an this infometiom, the measure extrapolates the time the aircraft will
renein within the tolerance region, as opposed to the mumcer of deviations ard
time outside tolerance measures described above. Because this measure could
potattially yield very laroe values, it was tnncated at 60 s. Thus, if the pilct was
60 s or nmore from exceading tolerance throughout the flight segrent, his or her
performance was considered good. In subsequent analysis, the MIE on ILS
localizer tracking showed a significant difference between pilots who passed an
IRC fligtt ard those wo failed, by flidht instructor evaluation (Rantaren & Tallar,
2001) .

Other dojective metrics include critical amtrol irput, which is defined as a
pilot irput that dhanged or 1ed to a denge fram positive vertical acceleration to
necative vertical acceleration (or other flight parameter) or vice versa (De Maio,
Bell, & Brundermen. 1985) . A nmm-critical aotrol irput did ot cause the vertical
acceleration to change fram positive to negative or vice versa. De Maio, Bell,
ard Brundermen (1985) hypothesized that “efficient” control would be character-
ized by a relatively large proportion of critical aontrol inpats indicating thet pilots
were canceling smell errors in altitude frequently .Another metric, “smootlness,”
was defined as the proportion of critical cotrol imputs from the total rumber of
imputs (critical + moxritical) . The critical error rate is the hordzontal distance
traveled fram critical aotrol imput to vertical acceleration sign dherge divided by
the time from critical aotrol irput to vertical acceleration. This metric was de-
signed to measure the effectiveness of a critical cotrol irput; low values for
critical error rate would indicate a slow acaumilation of ervor following the pilot
control imput. De Maio, Bell, & Brundermen (1985) found that that smoothness
ard critical errar rate were affected by flidht task diffiailty (straidht vs. tuming,
both vhile level) .

A Case for Time Series Analysis

The measures reviewed above can be viewed as static, however.They also
average out variations in performence over the course of the flight segment or
meneuver being analyzed. Given the dynamic nature of piloting an airplane, it
would seem relevant and informative to develop measures that better capture
the time-deperndence of given flight parameters. Time series amalysis (e.g.,
Blaanfield, 1976; Ghatfield, 1975; Gottmen, 1981) provides tools that allow for
examination of diverse aspects of the time history of data. Two frequently used
tedmiques of tine series aralysis are autocorrelation and Fourier (or spectral)
amalysis (Box, Hnter, & Hmter, 1978; Butterfield, 2001) . These analysis tech-
niques utilize the time-deperdence of the data series to uncover pattems in the
time series that would not ke brought to light with ary of the “static” measures
discussed doove. That is, latent periocdicities arnd correlations within the time
series may be detected using time-series aralysis.

International Journal of Applied Aviation Studies



In this paper, we descrike the develagrent of nine specific metrics of pilot
performence derived from time series of varicus flight parameters arnd examine
their descriptive power and sensitivity against data fram two pilots with known
differences in performence (good and poor) , as judged by an expert instructor
gl To the best of our knowledge, this represents a novel agporoach to pilot
performence analysis within the general aviation envirament.

Method

The metrics described in this paper were developed to supplenent existing
performance metrics (Rantanen & Tallar, 2001) with enalyses that examine
wderlying pattems in the pilot-generated time series of data. The new netrics
utilize spectral (Fourder) ard atocorrelation anelyses. Two guiding hypotheses
were used to develcop these metrics: First, there may be a difference in the
frequency of doserved flight characteristics (based an pilot’s cotrol irputs),
ketter pilots exhibiting a larger range of frequencies of aircraft aotrol then less
able pilects, who may aily aontrol the aircraft with low frequency control imputs.
Using Fourier analysis, a time series of data can be deconposed into spectral
or frequency components. This deconposition allows an explicit representation
of the underlying frequencies occurring in the time series. The second hypoth-
esis is that more gkdllful pilots will exhibit a better awareress of the airplane’s
amstantly chenging state ard be able to predict what cotrol imputs will be
required to pilct the airplare to the desired state in the future. This mey ke
menifested in the degree of correlation between flight parameter values in a time
series. That is, better pilots may exhibit a greater correlation ketween a previ-
ous time point and the present time point than less skilled pilots who may
exhibit a greater randamess of amtrol an flight parameter values. By taking the
autocarrelation of a time series for a partiadlar doserved flight variable, the de-
gree of randomess between successive measurements can be investigated.
Derivation of gpecific metrics fran time series data is described next.

Fourier Analysis Metrics
To examine the periodic cormponents of a time series, Fourier analysis was
used. Taking the Fourier transform of time series data, Y,, gives the spectral
decamposition:
N

2
1 ~  (k=D(-D)
Y, =— E YeV

J
j=1

where the Fourier coefficients Yj are given by

—2ni

N
~ (k=D)(j=1)
— N
Y,=D Ye
k=1

and where N is the muber of time series data points and [ =4/—1
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The original time series is then expressed as a weighted sum over all frequen-
cles aotained in the Fourier transfom. The weidhts, %repre&a’ﬁ:tl’eocxmbl—
tion a particular frequency mekes to the origimal time series ard are termed
power spectral densities (PsD) . The L can be plotted against frequency,

f=+ (for a 1Hz sanpling rate), in a pericdogram.

We hypothesized that a good pilot’s time series may contain a greater range
of frequencies that aotribute significantly to the tine serdes, thet is, a greater
proportion of components that have a large PSD, conpared to a poor pilot’s
time series. The metrics that were developed with Fourier methods are used to
quantify both the range and megnitude of these significant frequency conpo-
nents.

T determining what spectral components of the Fourier decomposition were
significart, a critical vale V, was set. Components with PSD greater than V,
were counted and used in the subsequent metrics described below. Settirg v,
irmvolves sare dif fiaulties, however . Because the data ranges of the time series
vary greatly between flight paraneters (altitude and airspeed for exanple) and
individual pilots, PSD megnitudes in the Fourier deconposition will also vary
greatly between parameters ard pilots. Thus setting a single critical value to be
used across all pilots’ flight paraneters will not achieve the desired level of
sasitivity . Therefare, a relarive Vv, wes set to a fraction of the mean or meximm
value of the spectral conmpanents. This aporoach will also allow for menipulation
d Vv, in arder to find the value that produces mexdmm sensitivity in distinguish-
ing good ard poor pileots.

Seven Fourier-analysis based netrics were developed; (1) mean and (2) stan-
dard deviation of the spectral components %, (3) the muner of spectral can-
paents that are greater in megnitude then a critical valve V,, (4) the mean and
(5) standerd deviation of spectral carponents greater than v, and (6) the mean
frequency and (7) standard deviation of the frequencies of spectral components
with megnitude greater then vV, (see also Teble 1).
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Table 1
Metrics derived from time series analyses of pilot performance

Metric Code Metric
AC1 Slope of the Regressim line; quantifies how quickly autocorrelatians terd to zero.
AC 2 Least Squares Error; goodness of linear fit to the first 10 autocorrelations measure.
Y-J
FT1 N%rnoftheT the normalized squared megnitude of the spectral canponents incorporates the
megnitude of deviations in the tine serdes.
FT 2 S)oft‘reL
-2
FT 3 Nunber of -~ >v_.; runber of spectral corponents greater then a criterion value.
-2
FT 4 Nbanofthe#>vc;nmnnagnimﬁeoft}especmlcmpaﬂn'sabwecdtedm.
v [
FT 5 D. of the N >Vv_ ; megnitude spread of spectral companents in FT 3 above.
FT 6 “J’
Meanfrequ.encyoftheT>vc;neanfmlermyofspect:talcmpcxﬁm;sfo.mmFTBabove.
~ 12
FT 7 . j .
3D of frequencies of the N >v,_ ; the frequency spread of the spectral carponents fourd in FT 3

Autocorrelation Metrics

The autocorrelation coefficient () gives a measure of the correlation be-
tween data points Y, ad Y,,, of the tine series Y =(Y, Y, ..., Y, } ad is given
by:
S - -T)

6.7

=

where

. N
Y=—>Y,
k=1

1S
N
is the mean of time series data and -1<r1, <1
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Aplct of r, versus lag, h, is temed a correlogram;r, = 1 by definition. The
autocorrelation coefficient gives a measure of how well a subsequent measure-
ment can be predicted fram a previcus value in the time series. Values cof 1,
close to zevo irdicate little correlation between data points ard values close to
-1 or 1 indicate a strag negative or positive correlation regpectively between
data points. The time series of flight parameter values fram a pilot who is aware
of the state of the aircraft and can predict its fubure state may generate
autocorrelatians that are greater then those from a pilot who is not as aware.
Since autocorrelatians at large lag h tend towards zero, a useful measure that
mey be indicative of pilot performence is how quickly the series autocorrelatians
terd to zero.

We hypothesized that time series of less skillful pilots would produce
autocorrelatians that decay more quidkly to zero than those of more skillful
pilots. Consequently, two specific metrics were developed: (1) To quantify the
decay of autocorrelarion coefficients, the slgoe of the first 10 autooorrelation
aocefficients (fram lag = 0 to lag = 9) was determined by regression amalysis, and
(2) the sum of squares error of the fitted regression line was also included as a
secand autocorrelation based metric.

Data Collection and Analysis

The data were collected from instrurent proficiency check (IFC) flights inan
aircraft equipped with a data logger that measured airspeed, altitude, vertical
gpeed, heading, pitch, roll, kall deflection, course deflectio indicatians (CDI)
and glide slope indications (GS (DI) (see Lendrum et al., 2000; Rantanen &
Tallar, 2001) . Each flight parameter was sampled at 1 Hz and data stored an an
on-board PC. Zn IFC flight omsists of 14 distinct segrents, including VHF
Omidirecticnal Range (VOR) tracking, Instrument Landing System (ILS) ap-
proach, non-precision VOR approach, holding pattemn, and steep turns. Data
from the flights were segrented using a data visualization tool (see Rantanen &
Tallar, 2001, for a description of the tool and data preprocessing procedure)
befare further aralyses.

Since this was a proof-of-concept study, data from anly two representative
pilots were selected for time series amalysis. Qe of the pilots was an expert
pilot with good performence during the IPC flight. Data from ancther pilot was
selected based an poor performence during an identical flight, as judged by a
flight irstntor . Time series aralysis was carried axt in MATLAB version 6.5.1.
The analysis generated an array of 1134 metrics (14 segrents and 9 flight
parameters, each with 9 metrics) . This mmber contained several metrics that
were not useful (for example, (DI or GS (DI measurements are not valid on
flight segrents that did not use these instrurent indicatians) and hence were
ot analyzed further. Detailed results fram four perticular flight perameters in
ae flight segrent are presented next.
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Results

We aralyzed time series of altitude, vertical speed (VS), airspeed (I2S), ard
Course Deviation Indicator ((DI) deflection fram a VOR approach segrent of an
IRC flight. This segment irvolved tracking of a VR radial inboud to firnal ap-
proach fix (FAF) ard it was dhosen for initial analysis since it was an essentially
unaccelerated straight-and-level tracking meneuver .Althouch several fligt vari-
ables recorded an this segrent provided quantifiable information about the pro-
ficddency of the pilct’s flying skdlls, vertical spead (from the vertical speed indica-
tr, VSI) in pertiadlar was a good indicatar of the level of dif fiailty the pilct had
holding the assigned altitude. Because the VSI is quite respansive to gmall
changes in aircraft pitch, it provides a more sensitive measurement of short-
term motion than the altimeter. While a pilct may keep the airplane within the
specified altitude tolerances during the flight segrent, the vertical speed may
oscillate rapidly and with large changes in megnitude. This aontrol characteris-
tic is indicative of poor piloting tedmique that altitude amalysis alae may ot
diagnose. Qualitative graphical analysis showed that VS provided the best dis-
tinction between good and poor pilot performences of the four flight parameters
used in analysis of the R tradking flight segrent.

The raw time series data of these parameters from this segment are shown
in Figure 1. The critical value used to comt a spectral carpoent of the Fourdier
series was set at ane eighth the mean value of the series.

SEgment 13 VOR Inbound Tracking to FAF
s 200 : : —
= — Giool
B — Paoor
L!: D' TR — . Good
g fv\jzvg( POOT
— i

_ mo 350 400
EL 2000 y
1000
[=
0
- 0 M;d’\ij o
i ;7&'\ hg’h\/\- Good|
T

=1000
2 0 50 100 150 200 250 300 350 400
— 'IED T
‘E \\_,—f\-/'\f-ﬂﬁ "““*—*"A\.-\_/\‘v’{ ﬂ‘\- Poor
= 100 1
o = Good
% a0+ A e o
= Bot I I I I i i i

= 0 50 100 150 200 250 300 350 400

% 507 T T T T T T T

T [~ -
= — = RN PP D
8% Dv-"_m:j MW:'//J Poor KGOOd_

i1

& W

3 _spl | | ! Jl\"”\"'v_“ L L 1

é 0 50 100 150 200 250 300 350 400

Time (s}

Figure 1.Raw time series data from good and poor pilot (as judged by expert
fligtt instructar) fram four flight paraneters (altitude, vertical speed, airspesd,
and course deviation indicator) from a VOR approach segrent of an IRC fligt.
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Data Visualization and Qualitative Analysis

The data were first plotted in correlograms and pericdograms for visualization
ard qualitative analysis. The differences between good and poor pilot perfor-
mence can be clearly seen in a correlogram of vertical speed data from a level
flight segrent during a R gpporcach (Figure 2) . The good pilot’s autocorrelation
acefficient decays much slower versus lag then the poor pilot’s. The better pilot
mekes smaller adjustments more often and of a more consistent magnitude
than the poor pilot who may be unsure about exactly what action or correction is
required. We call the latter behavior a mechanical agplication of the cotrols
whereas the better pilot uses steady pressures an the oontrols and “eases” the
plare kack to the criterion. This is why in a tine serdes there is higher correla-
tion between movements of the VSI in one time pericd to the next for a good
pilot. The poor pilot mekes fast and jerky movements and may meke muiltiple
moverents with different accelerations.

Giood Pilot Segment 13 VS Corretogram
T T T T T T T T T
1 B -
o8t i
o8- |
04} )l
-2 I TTLE
E o ]
-0.2 [ 1 1 1 i -
= 4 5 3 7 8 g
g
T Paar Filot
T T T T T
1 [ -
o8t i
068 4
04F .
0-2 - . |
B - I |
: =
-0.2 L L | | L i 1 1 | 4
0 1 2 3 4 5 B 7 g8 0
Lag, h

Figure 2 .Correlograms of good and poor pilots’ vertical speed from the same
segrent (c.f., the secad time series plot in Figure 1). Note that the good
pilot’s correlation coefficient decays from 1 much slower then the poor pilots
does(i.e., it has a dwullower negative slaoe) .

The periodograms from the same flight segment and parameter reveal even

more substantial differences between the two pilots (see Figure 3). The poor
pilot’s vertical speed periodogram is characterized by a rumber of high magni-
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tude spectral components at frequencies less than appraximately 0.05Hz. This
is contrasted by the more even gpread of spectral components cut to 0.1Hz
seen in the good pilot’s pericdogram. The cantrast is consistent with our hy-
pothesis thet a good pilot will antrol the aircraft with a greaster rarge of signifi-
cant frequencies of control irput then a poor pilot would, who will aotrol the
aircraft with predominantly low frequency imputs. While the poor pilot’s
pericdogram contains sare spectral structure beyand 0.05Hz, it is greatly less
significant that the components at frequencies below 0.05Hz. Note that the two
periodograns have significantly different y-axis scales. Plotting the good pilct
pericdogram on the same y-axis scale as the poor pilot periocdogram would not
allow the detail of the good pilot’s distribution of gpectral corpaents to ke
seen. The Fourier metrics were created to quantify the doserved qualitative dif-
ferences in the distributions of spectral canponents of the good and poor pilot
periocdograms.
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Figure 3.Periodograms of the same data depicted in the second time series
plot in Figure 1 ard in Figure 2. Note the smeller megnitude (by an order of
megnitude; the y-axes have different scales) and greater rumber of spectral
corpaents in the good pilot’s time series than the poor pilot’s time series.

Time Series Based Metrics
The nine time series metrics bases on autocorrelation and Fourier analysis
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are shown in Table 2 comparing the good and poor pilots’ perfomence in alti-
tude, vertical speed, airspeed and DI deflection aontrol in the aforarentioned
flight segment. Differences between the good and poor pilot can be seen aon-
sistently across all flight parameters from the autooorrelation-based regression
slope metric (AC 1) . The slopes are amsistently shallower for the good pilot
than for the poor pilot. The poor pilot’s regression slope was between 43%
(Vertical Speed) ard 50% (Airspeed) greater than the good pilot’ s was. This
indicates a higher degree of predictability between subsequent time series val-
wes for the good pilet then the poor pilot. All values far the R? (AC 2) were close
to zero, attesting to a good fit of the linear regression lire.

Table 2
Alude VertalSpeed Aldspeed CDI
Metrc Good Poor Good Poor Good Poor Good Poor
AC1 00079 00219 01007 01436 00168 -0.0847 00123 -00189
AC2 00001 00013 0.0569 00158 00002 00117 0.0001 00000

FT1 | 1768¥10° 1729¢10 | 1168<10° 2379X10° | 1301X10° 2425<10° | 2568X10° 1204X10°
FT2 | 2136X10° 1874%X10° | 4141%X10° 7919X10° | 1552X10° 2615X10° | 2406<10° 1119X10°
FT3 14 17 80 64 20 17 25 25
FT4 | 321710° 2594X10° | 3694%10° 9458X10° | 1660X10° 3637%10° | 2619<10° 1228X10°
FT5 | 8906X10° 7.036X10° | 6796<10° 1368X10° | 5457<10° 9814X10° | 7443X10° 3456X10°
FT6 00156 00200 00879  00647| 00226 00201 00263 00259
FT7 00124 00143 00598 _ 00380| 00150 _ 00145| 00183 00192

The range of Fourier metrics also differentiates between the good and poor
pilots, although sare inconsistencies appear between flight parameters. The
mean (FT 1) and standard deviation (FT 2) of the nommalized squared megnitude
of the gpectral companents clearly separate the good and poor performences in
vertical gpeed, airspeed, and (OI deflection aotrol. ITn all three cases, there is
an order of megnitude difference between the good and poor cases. This differ-
ence reflects the greater variation in tine serdes values that can be seen in
Figure 1 for these flight parareters for the poor pilot compared to the good pilct.
The metrics from the altitude data do not separate the good pilot from the poor
pilot (FT 1: 1.7678 x 107 and 1.7295 x 107 regpectively and FT 2: 2.1361 %10°®
and 1.8738x x 10° respectively) . The lack of sensitivity sears to derdve fram the
alnost ideal performence of the good pilot in holding a aonstant altitude over the
appraximately 6-mimute segment. Because the good pilot’s time series is very
cleee to a flat lire, ar altenstively, had low amplitude and low frequency oscilla-
tion, the Fourier spectrum of the time series is mede up predominately of zero
and low frequency components. Hence, values for FT 1 and 2 that are compa-
rable to those attained from the poor pilct.

The remaining Fourier metrics are based on the mumber of frequency compo-
rets that are greater then the set critical valie (V= ane eighth of mean spectral
components) . 'The number of spectral components greater than v, (FT 3) fram
the vertical speed and airspeed data show a difference between good and poor
performence, while for the (DT data, FT 3 is equal for the good and poor pilots.
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It should be noted that the rmumber of high magnitude spectral components that
axtribute to the tines series will denge as a function of the critical value. 2s Vv,
is lowered, a larger rumber of smaller magnitude spectral components will be
included in metric FT 3.

The mean (FT 4) and standard deviation (FT 5) of megnitude of spectral com-
poents greater then vV, effectively differentiare good ard poor pilct performence
for the vertical speed, airspeed, and (OI flight paraneters. For exanple, the
good pilot’s mean and standard deviation of the high magnitude spectral conpo-
nents (FT 4: 3.6941 x 10* and FT 5: 6.7957 x 10* respectively) are an order of
magnitude smaller than the corresponding poor pilot values (FT 4: 9.4582 x 10°
and FT 5: 1.3677 x 10°) . This indicates that the high megnitude spectral conpo-
nents that contribute most significantly to the time series are lower ard less
soread in megnitude for the good pilot then for the poor pilot. Zgpin, this is
axsistat with the hypothesis thet a gdllful pilct will catrol the aircraft with a
range of imput frequencies, ard not a limited runber of low frequency imputs,
which would lead to Fourier spectrums cotaining a very limited mumer of high
magnitude components.

The mean (FT 6) and standard deviation (FT 7) of the frequency of spectral
companents also provide a clear separation between good pilot and poor pilot
performence for the vertical speed and DI oontrol. The aontrast is greatest for
the vertical speed metrics, where the mean frequency of the high megnitude
gpectral carpaents (FT 6: 0.0879 Hz) ard their standard deviation (FT 7: 0.0598
Hz) for the good pilct are greater than those for the poor pilot (FT 6: 0.0647 Hz
and FT 7: 0.0380 Hz). This shows the good pilot has both a larger mean fre-
quency and a greater range of high magnitude spectral components than the
pocr pilot deoes, as aur hypothesis of skilled pilot perfomence predicted. For the
CDI, however, these metrics do not of fer the sare ability to discrimirate be-
tween good and poor performance.

The Fourier metrics for altitude show little difference between good and poor
pilot perfomence, despite the time serdies being qualitatively different (Figure 1) .
As discussed above, the good pilot showed so little deviation from the desived
altitude over the course of the flight segrent that the Fourier spectrum derived
from the time series was made up of predominantly low frequency, high megni-
tude carpanents. Such a spectrum will show little quantitative differences from
a poor pilot’s gpectrum. This may limit the use of such slowly varying time
series like altitude in gererating effective metrics based on Faurier amalysis.

Sunmary and Discussion

The research reported here represents a proof-of-oconcept study of novel time

series based measures of pilot performence. By our initial aralyses, these metrics

appear both sensitive and diagnostic in differentiating between good and poor
piloting performences as rated by an independent instructor pilot. The
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autocorrelation based regression line slope showed that a good pilot generates
autooorrelation values that decay fram 1 more slowly then the poor pilot’s does.
The sum of squares regression errors were close to zero indicating a hich qual-
ity of fit of the regression lire to the first 10 data poirts. Differences between the
goad and poor pilot can also be seen amsistently in the Fourier-based metrics.
The larger scale of variation and range of vertical speed of a poor pilot from the
original time series data was also well represented by the Fourier metrics, which
clearly showed that the good pilot had a higher mean frequency of significant
Spectral components and a larger runber of spectral components that contrib-
ute significantly to the tine serdes. These findings are aosistent with the hy-
pothesis that nore gdl1ful pilots aotrol the aircraft with a greater rarge of fre-
mekes an adjustment appropriate to the circumstances whereas the poor pilot
appears to meke the same adjustment regardless of the actual megnitude of
the adjustment needed. It may be argued that the idealized “poor” pilct has a
single mode of gperation (a coarse yank on the controls ance he or she has
realized a flight parameter is not where it should be) whereas the good pilot will
e aastantly awere of what aotrol imput is required to get the aircraft in the
desived state (1.e., AC 1 metric) and be able to perform such irputs with dif fering
megnitude and frequency (FT metrics) .

It should be noted, however, that the mumber of components changes as the
critical value changes. The lower the critical value, the munber of spectral aan-
panents that will be counted ard used in metrics FT 4-7 will increase. We have
doserved this in a limited ninber of segrents. This, in tum, will alter the ratio of
spectral components counted (and considered significant) between the good
ard poor pilots. Further aralysis is needed to determine how a critical value that
produces the greatest separation between good and poor pilots could be set
and how it may affect the Fourier metrics. It must also be acknowledged that
sare of these metrics may not effectively differentiate good and poor perfor-
mence an other segments or flight paraneters. Altitude varies slowly campared
to vertical gpeed ard this may limit the use of altitude data for these specific
metrics based an time series analysis. Rurther work will investicate which metrics
are most effective in sgparating good pilots fram poor pilots by variaus statistical
analyses (e.g., factor- or principal carponents analysis) an data fram a large
runber of pilots with different skill levels and demonstrated performence. The
prospect of developing an algorithm for setting the criterion used by metrics FT
3-FT 7 dynamically to meximize these metrics’ power in separating well and
poorly perfaming pilcts is certainly worthy of further investigation.

Other caveats include the issue of segrenting, as improper segmenting of a
flight meneuver can lead to spuricus results. In addition, the overall variability
both within and between pilots across all flight segments and parameters must
ke addressed, as well as the criterda (e.g., instructor pilot judgrent) acginst
which dojective metrics are to be validated. However, the results reported here
clearly irdicate the feasibility of deriving dojective perfomence metrics from
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autocorrelation and Fourier analysis of time series data of flight parameters ard
that it is possible to discriminate between good and poor pilots’ performence
using this apporcach.

Conclusion

The metrics that were developed in this study will ultimetely be compared to
instructor pilct ratings of the pilct being examined in the TRC flight. To ke of use
in assisting subjective judgrents, these metrics must agree with ratings given
by the instructor pilct. In other words, if dojective metrics are to be used for
pass/fail judgrents, they must capture the same information as a humen db-
server (i.e., an instructor pilet) . Rarthemore, valid criterdia nust be established
for each metric. Other requirements for dojective metrics include sensitivity in
I srating dif ferences between pilots ard their diagnosticity, thet is, whether
the metrics are uderstandable by instructor pilots reviewing and interpreting
them.

The utility of the proposed metrics in evaluating pilot performrence must be
validated by statistical amalysis fram a large runber of pilots arrently involved
in experimental research. This amalysis will include data fram all flight param-
eters across all relevant flight segrents from appraxinetely 75 pilot subjects.
Factor- or principal components analysis will then be used to determine which
metrics best agree with the subjective instructor pilot evaluations. Tt should be
noted, however, thet partiaular metrics may not agree with instructor pilct evalu-

atians because of the limitatians of subjective evaluatians, as discussed earlier.

The results presented here nevertheless show that differentiation between good
and poor pilot performence based on the described metrics is possible.
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Abstract

While public-policy research has recently undergone rapid devel-
opment, a longtime barrier between policy analysis and policy
evaluation has reduced the accuracy and effectiveness of tradi-
tional policymaking. Policy research in the postmodemn era uti-
lizes dynamic interaction and reciprocating communication to bring
together policy recipients, local communities, and policy research-
ers for better decision-makings. Citizen participation involving all
policy enthusiasts in commenting on policy proposals not only can
weed out irrelevant issues, it can also efficiently collect valuable
public input. By utilizing both policy analysis and evaluation simul-
taneously, researchers can serve the public’s best interests.
Policymaking in aviation is no exception to this observation, as the
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ongoing Small Air Transportation System (SATS) project of the Na-
tional Aeronautics and Space Administration (NASA) and its re-
search partners can attest. This article seeks to address the afore-
mentioned regulatory challenges by proposing a new policymaking
tool, namely policy research construct (PRC). The PRC is a pro-
posed research framework containing the merits of both policy
analysis and evaluation and is an attempt to bridge the gap be-
tween the policy dyad. Ultimately, this paper hopes to provide a
malleable and comprehensive tool for current and future aviation
policymakers.

Introduction

Traditicwl aviation policy amalysis has been primerily based on arpirical
data. But without an in-depth exploration of local prdolars, needs, and aotext,
such aralysis could be less useful then it should be in informing policy deci-
sions (Bowersax, 2000) . For exanple, the needs of minority groups in our soci-
ety may not e identical to those of mejority groups for certain policy questions
such as clean air policies in southem Califormia (Bae, 1997). And while metro-
politan cities take services such as air transportation for granted, rawte con-
mmnities should be able to share the same advantages (Bowen & Hansen, 2000;
Bowen & Tarry, 2001; Rives & Serow, 1984; Scottish Council for Voluntary Orca-
nizatians, 2001) . To this end, the role and research methods of policy designers
arnd legislators should be enhanced to include these contexts (Centre for Re-
search and Leaming in Regicnal Australia, 2000; Fox & Miller, 199%).

The Airline Deregulation Act of 1978 led to comercial aviation’ s implemen-
tation of hib-and-spoke logic ard infrastructure for the highest possible share of
passengers. However, the hub-and-spoke system has also resulted in current
gridlock aroud hub airports both in the air and an the groud. This situation has
triggered eminent policy concems related to unforeseen challenges in naviga-
tim, training, ad restructurization for delay reduction (Blake, 2000; North, 1999) .
In the sare vein, the lainch of the Smll Airaaft Transportation System (SATS)
will eventually face similar questions, and policymekers should proactively pre-
pare for the upaoming dwallenges. While a broader utilization of general aviation
airports in the U.S. can be envisioned due to the develogrent of SATS, it also
imposes crucial policy issues for policymekers to solve. Issues related to air-
port infrastructure, airspace usage, tedwrology, licasirg, training, roise miti-
cptim, and security must be treated carefully before the inplenentation of SATS.
While a linear policymeking process is aotroversial (T, 2003), a more effective
policymeking framework would aid policymekers for both SATS and other com-

Background
Manty social researchers have asserted that when policy researchers em-
lrace anly traditiasl scientific discorse, it is diffiadlt for policymekers to have
a functiawl chamel with which to acaurately reflect local needs (Bemmstein,
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1983; Rorty, 1982). Rdosan (1993) highlighted the essentials of ef fective can-
munication and exchange between policymakers and local commmnity mem-
bers in the postmodern era. Policy research, according to Rdoson (1993), is an
invitation to extermal participation as well as the vehicle for those cocemed with
determining policy .Among postmoderm public administration scholars, Fox and
Miller (1996), Smith (1998), and White (1999) argued ard stated that scientific
enlighterment’s promises of universal truth and wnified meaning of a specific
phencmenon are, to some extent, inadequate. Indeed, policy action research
foauses an participation in lieu of theoretical aoncepts (White, 1999) . In today’s
clitizen-participatio society, retrieving goinians ard suggestians fram local resi-
dents can ke the key to successful policymeking, guiding policymekers to gen-
erate the most ef fective public goods (Bax, 1998; Hakim, 2000; Trter, 1995).
Phil Nyden ard associated researchers also renmerked that policy research should
be “an anmalysis of conmmity needs and potential ways of addressing those
needs” (Nyden, Figert, Shibley, & Burrows, 1997, p. 8). Not sporedically,
policymakers have habitualized themselves either in espousing discourses of
policy amalysis (i.e., documents or persanal knowledge) or policy-evaluation
(i.e., mubers or statistical results) (Smith, 1998). But when their decision-
meking proves ineffective, the reergineering of previcus policies as well as deal-
ing with the consequences of those policies are expensive and time-consuming
(Richardsan, 2001) .

In the aviatiom field, as Bowen ard Hansen (2000) initially autlined for SATS,
policy research has gpplied research tools in policy decisians; but such re-
search itself was yet to be recognized as a tool. Schaaf (2001) adopted Bowen
and Hansen’ s policy amstruct to a research project an air rage—successfully
identifying the legislative ggps, the causal linkages to air rage, ard possible
solutions for policy changes. Bowen and Tarry then introduced their enhanced
policy research construct to the SATS project in 2001. This revised construct
was an attempt to accomodate participation from local comumities in
policymeking. It allowed local collaborative actians to engege in aotirucus
evaluation and feedoack (through reports, updates, and revisians) within a demo-
cratic and constantly changing developmental envirament (Bowen & Tarry, 2001) .
Accordingly, policy evaluation measures performence and satisfaction must be
Jjudged by the governmment as well as those who will be inmpacted by new poli-
cies. This study provides another in-depth explanation seeking the maxdimum
interest for the aviatio imdstry .

In this sbdy, five ansistently cited articles and bodks were reviewed. The
critiques of the readings formed the hasis of policy research aomstruct.

Majchrzak (1984) started her policy research bock, Methods for Policy Re-

search, with an elaborate definition of policy research: “the process of caduct-
ing research o, or analysis of, a fundamental social prdolem in order to provide
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policymekers with pragmatic, action-oriented recomendations for alleviating
the pradblent’ (p. 12) . From this research, an array of goerations can be similta-
neously anfimmed. Majchrzak’s operatiaml process of policy research is indif-
ferent to that of cawentiawl social science. She stated that policy research
should begin with formilating research concepts and then contime with articu-
lating research questians, designing data collection, identifying the aralysis
method, developing malleable functions, and communicating to lead
policymekers. In addition, because provisional policy recomendations mey
ultimately face dhallenges in inplerentation, the range of data collection should
not e limited to a narrow domain. The data imput should irvolve all related
researchers and key persomel. Thus, research questions should be cpen in
nature. Policy research must e a milti-dimensianal, enpirico-inductive, mal-
leability-oriented, reciprocating, and commicating process (Vajdhrzak, 1984) .

Majchrzak’s work particularly discussed the mechanisms of data collection
ard tedmical amalysis. If we tend to regard policy research as a aarplete re-
search structure, data collection and analysis should be an essential cormpo-
nent underpiming the entire research skeleton. Majchrzak (1984) proposed
several data-collecting tools for begiming researchers: interviews, case research,
qualitative research, field research, focused meta-analysis, secodary analy-
sis, surveys, field experiments, and cost-effect aralyses. Because policy re-
search should be an empirico-inductive process, the data-collection tool does
ot need to be precisely framed. In fact, policy research often adopts a conboi-
nation of several methodologies from which multifaceted themes can emerge
(Mejchrzak, 1984) . In order to create the highest verification ard trustworthi-
ness, Majchrzak stragly suggested the usage of statistical analysis and tests
such as t-test ard Pearsan’s coefficient correlation analysis.

Hitjes (1991) added historical perspective to agplicable policy research strat-
egies. Policy research, Hutjes argued, should be a dynamic tool embedded
with dual characteristics: generating ard testing. She stated that any research
project’s tentative findings or policy suggestians should be re-imputted into the
policy-decision machine to further modify consequences and possible policy
decisions. Reciprocal procedures would eventually move the policy closer to
mirraring tree piolic desires. Inpartiailar, Hitjes argued, policy research should
fulfill for mendates: 1) foaus m the design ard interpretation phase of research;
2) interact with diverse postulates and crystallize the diagnostic process; 3)
ocanduct in-depth investications of an unsolved prdolem; and 4) select the best
cdamel for implementing results. There is also no separate goplication of quali-
tative methods in Hiatjes’ policy research amstruct (1991) . Tn addition, she rec-
amended that policy researchers apply quantitative instruments.

Like typical policy researchers, Carol Weiss (1991) also addressed wiy ten-
tative results of policy research should reenter the policy milien for final policy
decisians. She argued that policy research has developed from traditional pro-
cedures into a dynamic model that allows researchers to closely interact with
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research participants and cain the highest authenticity. Participants’ milti-ci-
mensianal feedbadk is geruine, fram which researchers could validate collected
data. Based on the scenario of self-interpretation of data, Weiss also addressed
three disadvanttages of using self-interpretation policy research. First, she stated
that policy researchers’ interaction with partisans may add purposive interests
into decision-meking. Furthermore, Weiss argued that research prdblems might
e anly partially explained to participants, which may generate subjective an-
swers. Finelly, even if the research goplies a serdies of rigorous processing phases,
a wesk interpreter could easily distort the meaning of collected data.

Tnhisarticle Organizational Context, Sponsorship and Policy Research Out-
put, James M. Rogers (1994) asserted that the resulting process of policy re-
search is amstantly affected by extermal irput or influences such as politicians,
special-interest groups, 1ddoyists, and appointed orgenization leaders. Rogers’
statement has echoed Weiss’ concern about extermal influence in research for
policymeking. Rogers (1994) pointed out the pitfalls of sponsor-type policy re-
search, arguing uperceived biases could ultimately lead to questions about
whether the research is gpplicable anly in a special policy envirament or to
interpersaonal relationships. As Rogers put it, the ongoing existence of
intersubjective/interpersonal and organizational prdblems “stemming fram the
relations between researchers and clientele” affect policy adoption. It means
that spansor-type research nay present policy altermatives that solely reflect
“the interests of those who sponsor them” (p. 3). Rogers analyzed the United
States Political Science Docurments database (USPSD) and revealed two major
findings. First, organizational cotext does influence policy research. Secad,
the type of sponsorship is important to research performence. Nevertheless,
how to comteract the bold influence of sponsors in policy research remained
unformuilated by the time Rogers published his project in 1994.

Haas ard Springer (1998) tried to give an in-depth explanation of policy re-
search in their bock, Applied Policy Research: Concepts and Cases . Trey thor-
aughly addressed their understanding of policy research fram introduction, strat-
egies, research design, and possible processing models to the description of
gpplied policy research by case-study formet. In the strategies section of policy
research, they presented three different linear apporoaches to policy decisians:
policy amalysis, program evaluation, ard statistical amalysis. Haas and Springer
argued that policy researchers should select their research strategy based an
the purpose of their study, which would allow identification of a proper data
collection instrument. Haas and Springer cutlined a straightforward cperaticnal
procedure for conducting policy research in the following steps:

Step 1: Define the policy prablem and information needs.

Step 2: Conpile issues being addressed, select the appropriate re-
search design, and form cperational steps.

Step 3: Collect data specifically for research goals and amalyze data.

Step 4: Apply results of data amalysis to the prdolans ard report to
policy mekers and clients (Haas & Springer, 1998, p. 70).
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Pursuing the Generality of a Policy Research Methodology

Majchrzak’s study did not sufficiently address tedmical analysis because
several of the data collecting tools she introduces (e.g., field research) are un-
able to collect useful quantitative data for possible “enpirico-inductive process”
ar statistical tests. The process of validating these qualitative tools ramins
unclear ard should be the doject of further research. Cawersely, policy research
should still meke tentative reconmendations based on the results of data analy-
sis throuoh either quantitative ar qualitative vehicles. As stated by Majchrzak, a
prediction test must be dome in order to enhance the possibility of success arnd
to persuade policy implementation before workable recomendations are for-
warded to leading/powerful policymekers. Following praogbility examinations,
these tentative recamendations could be revised, discarded, or accepted by
policymakers. Majchrzak argued that such a forecasting test could be done by
classical regression analysis or the Bayesian possibility model. However,
Majchrzak’s proposal of statistical exams becores irrelevant when a policy
researcher can anly collect qualitative data. Paradoxically, she did not provide
any evaluation of policymeking by qualitative tools, such as focus group, etlmo-
grachic studies, field doservatians, and in-depth persaal interviews.

Likewise, Hitjes’ research perspective guides us to recognize the merits of
quentitative-qualitative agorcaches regarding the future operation of policy re-
search methodology . Her reciprocity agpect of policy analysis ard evaluation is
plausible. Unforturately, Hitjes did not explain her criterian of “satisfaction mea-
surament” for the pdolic, nor did she clarify the best time for policy adootim.
Moreover, the article does not stress the significance of policy evaluation. It is
risky to evaluate a policy’ s perfomence after its inpleventation.

Rogers’ argurent (1994) regarding research spansorship ard its direct influ-
ence an policy decision triggered a search for unbiased policymeking. As a
matter of fact, Rogers raised the concem that a prevailing actor may dominate
policy decisions and damege the authenticity of policymeking. However, whiile
Rogers criticized doninating actors in policynmeking, he failed to propose solu-
tias to the pradolem.

Welss’ argurents (1991) identified two major prablans for public policy re-
search: anitting reciprocal and discursive data cantribution and public auditing
in policymeking. If policy research anly aontains public participatian/voice with-
aut a reciprocal process in data collectian, its firndings are less useful . Rurther-
more, without a close and oonstant inspection from the participants/the public,
even a well-trained policy researcher may terd to insert persaal bias or inter-
pret data based an persaal perosption. For this reasm, traditiawl scientific
reseavchers tightly erbrace anly statistical analyses to avoid such pitfalls. ZAl-
though, Weiss did criticize the traditianl policy research, she did not provice a
workable model for policy researchers.
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Haas and Springer’s (1998) policy research model is disputable because
there is no re-input or evaluation phase in their policy research prooedires. The
policy research Haas and Springer tried to promcte is a straight-line/ane-way
process—the typical dramwback of current policymeking and research via tradi-
tiael scientific methodology. Haas and Springer gave several policy research
exanples throuwh case studies that limit the significance and gpplicability of
the research.

Introduction of Policy Research Construct

The above critiques of traditianal policymeking have raised research sensitiv-
1y . Inpartiadlar, the authors recognize that policymekers need to hear the voice
of related individuals and assess possible results of inplementation in the hope
of meking ketter decisians. In this study, a new policy research amstruct, whose
geal is to pramte aviation policymeking that better meets public needs, is
being proposed. The cperatianal flowdhart (see Figure 1) indicates the genre of
this policy research amstruct. The attenpt is to amsolidate research provi-
sians ard comect the separate usage of policy enalysis and policy evaluation.
The oonstruct has three research phases (policy reviews, policy research, and
policy actions) oontaining seven research steps, helping to grord ard foster
this proposed research framework.

> »n

28 i

E - . 1. Aviation policy- 2. Policy issues
= é related problems identification

3. Regulation ]
acquisition

7. Recommendations of
policy changes

6. Pilot-testing and
evaluation

y

Figure 1. Flowchart for the aviation Policy Research Gmstruct (PRC)

Phase One — Policy Reviews

The research gase of policy reviews differs from traditianl policy amalysis in
that it equally weighs the piblic wvoice. This policy-review phase will guide re-
searchers to revisit existing aviatio-related policies after encomtering a new
policy dullenge (Steps 1 and 2) . As Jenkins (1978) and Walker (1993) stated in
terms of cawventiaal policy amalysis, policy researchers should revisit exdsting
policy and locate problems such as inappropriateness and dosolescence. The
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existing laws ard policies related to a specific issue can ke retrieved fram elec-
tronic libraries such as Cagressional Uhiverse and Lexis-Nexis. The review of
policy helps researchers to identify the factors creating prablens ard those that
need to be readdressed. Accordingly, aviatian policy researchers should first
review ard amalyze existing aviation policies related to newly encomntered avia-
tion prablems and subsequently seek the strategy necessary to oope with defi-
clent policy. Jakins’ bock Policy Analysis: A Political and Organizational Per-
spective (1978) provided a linear process of policy aralysis from initiation, data
oollectian, amsideration, and altemation to policy outpputs. Jerkin's research
was ane of the studies concerming policy review and Phase 1 of the PRC will
similarly see the advantages of traditiaal policy amalysis.

The amstruct’ s process of data collection/acquisition (Step 3) includes a
review of literature primerily foausing an up-to-date Federal Aviation Regulatians
(FARs) and documents from the Govermment Printing Of fice (GPO). Secondary
data analysis, if needed, would be performed through enalytical tools such as

Phase Two — Policy Research

The proposed policy research aonstruct for aviation policy advocates the
retrieval of qoinias of the FAA for a real-time reflection ard social informetion
update during research Phase 2 (Steps 4 ard 5) . In addition, researchers should
ot lose their policy foaus as they incorporate pdolic participation. Data collec-
tim tools include, but are not limited to, surveys, persaal interviews, Delphi
tedmique using reciprocating interactive procedures, public hearings, synpo-
siums, focus groups, and penel studies. Researchers must constantly remind
thamselves of three critical questions dirding this phase: (1) Are the policies
inadequate or cutdated? (2) What would be the consequence without further
revisians of related policies? (3) What would be the possible inpact if we pro-
pose a new policy? Certainly, policy researchers’ self-awareness should not be
amstrained at any point in the policy process.

In addition, policy amalysis (step 4 and 5) should similtanecusly focus an
data aralysis via mathematical tools (such as Niskanen’s [1998] policy analy-
sis of welfare ard the culture of poverty) and data coding (such as Haas and
Springer ‘s [1998] housing policy study) to famuilate amalytical findings, contin-
gent provisiaons, ard tentative postulates. The grounded policy-change results
(affiliated with policy-change recomendatian) could ke justified not anly by
similation (Majchrzak, 1984) and economic analysis, but should also be de-
kated by the af fected persamel and groups (Bemstein, 1983; Fax & Miller,
1996; Hakim, 2000; Nyden, Figert, Shibley, & Burrows, 1997; Rdbson, 1993;
Rorty, 1982).

Phase Three — Policy Actions

In the policy action ghase, pilot-testing (Step 6) and policy recamendations
changes (Step 7) dbtained from Phase 2, should be evaluated in terms of the
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possible inpact to fubure air industry. If recomended policy changes will sub-
stantially affect aviation actors (such as local comunities, airports, merufac-
turers, govermment, and related policy enthusiasts), conducting brainstorming
saminars is always beneficial to decision meking arnd policy formation.

Policymekers have two altematives after the public action phase. First, re-
searchers could carry the recommendation back to upper phases (Step 6) for
another in-depth data analysis, provided the draft recomendation could not
dbtain cogruence fram participants. Through the recursive and reciprocal pro-
cess and discussion (following consequent procedures through Steps 4, 5, 6,
ard 7), the final and most appropriate agreement can be approached upholding
policy mendates, revision, or implementation. Secand, should the final caver-
sational cogruency or alike be dotained, the policy researchers could proceed
with what should be implemented in policy mendate or generation (Step 7).

Using PRC Concept— An Example of Alrport Seamity

Per the gpplication of PRC, the authors initiated a study regerding airport
seaurity for the fubre SATS system.

Phase One — Policy Reviews
Cogress has passed several inportant laws related to airport security over
the past decade. Fram the electronic libraries of Congressional Universe and
Iexis-Nexis, policy researchers are able to review current laws associated with
the requirements, expenditures, and airport security development. Sore es-
sattial laws related to airport searity include:
Federal Aviatio Act of 1958
Adrport ard Airway Development Act of 1970
Airport ard Alrway Improvement Act of 1982
Department of Transportation and Related Agencies
Pppropriations Act of 1990, 1996, 2001, 2002
5 Adrport ard Alrway Safety, Capacity, Noise Inprovement,
and Intermodal Transportation Act of 1992
Federal Aviation Administration Act of 1994, 1996
Adrport Security Improvement Act of 2000
W encdell H. Ford Aviation Investment and Reform Act far
the 21 Century
) Aviatio ard Trensportation Security Act of 2001
10. Homeland Security Act of 2002
11 Vision 100 - Caary of Aviation Reauthorization Act of 2003

&ow NP
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These laws provide a legitimete base for airport security or relevant issues
anceming persarel, facilities and equipment, trainings, budget, funding re-
sources, and campliance deadline. Following the ingpection of existing laws,
policy researchers should review title 49 of United States Code (USC) for pos-
sible amendments of regulations in order to meet the regulatory needs .
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Phase Two - Policy Research

In the discussion of SATS implementation, Step 4 would help identify the
salient deficiency of aviation policy(ies) affecting amrent ard possible fubure
aimen or air qoerations. Step 5 (aelytical findings) leads to possible policy
mendates or new policy proposals (Step 6) . For example, the Alrvport Seawdty
Tmprovement Act of 2000 amends the Section 44936 (a) (1) of the United Stated
(ode (USC) Title 49 by adding “Criminal history record checks” at the end the
Subsection (E) for elevating the quality of screeners and acarpress the sagee of
overlocks based on persanal discretion. The Act also enforces regular safety
training and routine safety reports for all luggege screeners. Furthermore, the
Aviatio ard Trensportation Security Act of 2001 established the Transportation
Searrity Admninistration (TS), foousing on aviation security, safety, and related
research and activities. By adding new duties and amending existing Title 49 of
USC, the Aviation ard Transportation Security Act empowers the agency/ad-
ministrator to oversee aivport searity, federalize enployees, train persamel,
develop effective programs, and prevent potential threats. In the same vein, a
review of Title 49 of USC would identify possible policy deficiencies related to
SATS airport security such as the merpower qualification, security inspection
training prograns, fuding resources, strategies for amomel situations, the
coalition among related agencies, and security report systems.

After identifying the possible policy deficiencies relevant to specific issues,
researchers should lock for answers to the following questians:

i) Is the policy or regulation inadequate, sufficient, or autdated
respectively?

2 What would be the consequences if the policy remains un-
changed?

3 What would be the possible impact an policy recipients?

4 How sourd is the cost-benefit analysis related to the proposed
policy?

9 Do airport users support such changes?

To answer these questions, policy researchers should not solely measure
the possible autcore by forecast or statistics; in addition, expertise should e
heard accordingly. Professicnal insight is very important when policy issues
need special knowledge. Methods of collecting expertise include focus groups
discussion, parel study, or Delphi tedmiques for those who carmot take part in
discussions in persm.

Phase Three — Policy Actions

Conparing the findings from statistical aralysis and narrative expertise would
draw researchers to answer a specific question: Do we need to propose a new
policy or merdate exdsting laws related to airvport security? If the answer is
necative, policy researchers do not have to go through Stage 3, because current
policies are able to sufficiently cover new challenges resulting from the opera-
tim of SATS. Conwversely, if a policy mendate is necessary, policy researcher
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should pilot-test the proposed mendate to a smll voluntary group of SATS
airports selected from industry . This procedure irvolves policy evaluation, revi-
sion, and implerentation. During the testing period, policy researchers should
also similtanecusly oollect feedbacks fram the service providers/airports as
well as the custarers/passencgers. This is sinply because user contributions
are the essential base for the govenment’s decision meking regarding the mexdi-
mum interest of its pegole. The firal stage of policy research will lead research-
ers to two choices: adopting or discarding of a suggested policy mendate. Fivst,
if the new mendate is adopted after pilot-tests and evaluation, the goverrment
would encounter less resistance fram airports related to proposed policy change
when it oores to natiamwide inmplementation. Equally important, a policy imple-
mentation tracking system via bencdhmerking techniques is always plausible for
measuring real-time needs associated with diverse changes. Second, if a new
merndate is withdrawn, policy researchers would have to revisit the first stage of
research aonstruct ard review the laws again. Or, researchers could retum to
Stacge 2 for another in-depth dialog with related policy actors.

Conclusion

This proposed policy research aonstruct not anly tries to address the core of
policy amalysis ard policy evaluation, it also tries to bridge the ggp between two
policymeking doctrines. It describes traditiamal decision-meking pitfalls associ-
ated with erpirical tools based primerily an statistics. “Randomly-selected
sanples” could not, to sare extent, fully represent groups such as minorities
or renote comnities. Policymekers have utilized statistical laws ard instru-
mental reasming (i.e., regression amalysis, correlation coefficient, Bayesian
forecast, or t test) in policymeking for decades. However, academia has re-
cently questianed this traditicwl (instrumental) policymeking reasoning. The
authors also argued the acauracy of applied statistics for solving every legiti-
mate prablem. This debate has hedged policy develogoment in aviation and pro-
voked arguments from public administration (Fox & Miller, 199; Rorty, 1982;
Smith, 1998; White, 1999) .

The introduction of PRC aims to broaden the decision-meking range for avia-
tion policymekers as well as to pramte public participation in dealing with other
policy issues. To date, a variety of aviation prdblams ramain inef fectively ad-
dressed by policy researchers. In the wake of local cammities’ cutcries about
issues such as airport security, infrastructure, groad traf fic, ewiramental im-
pact, moise, ard air pollutio, the use of instrumental reasming for aviatio
policymeking should be limited. As a result, SATS policy researchers nust
prepare to solve the aforementioned issues.

This article argues sericus deficiencies exist in traditiaml policymeking by
bureaucratic tedmocrats who prefer figures and linear procedures. Statistics-

ardented ar arpirical policyneking is still pooular, and the authors do not expect
ary research upheavals overnight in policy research methodology . Neither do
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the authors seek to polemically attack or discard traditional policymeking pro-
cedures. Instead, the authors seek a more comprehensive policy research frame-
work that can refire traditioal analysis for lammekers in hoping that they could
provide public products more closely associated with the realistic needs of the
alr industry ard the Averican flying public.

Final Comments

General readers may criticize the overall cost and time consumption regerd-
ing the discursive ard reciprocal processes addressed in this research. How-
ever, to sare extent, lamnching a cost-effect analysis seared inappropriate
because of the perceived value associated with a perticular policy uder this
amstruct in tems of erhancing aviation safety ard seaurity . By perceived value,
the authors mean that the urility (level of satisfactiaon) of decision-meking could
e grounded based an the particularity of a situation, which often presents a
unique social value associated with the changing ernvirament. Ontologically
gpeaking, the high cost of enhencing aviation security and safety training was
closely emphasized before the Septenber 11® terrarist attacks. Yet concerming
the costs of airport security and aviation safety is now a far less inportant
issue. In this instance, the perceived value of a partiailar policy has seen its
influence rise drametically.
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Abstract

To evaluate the efficiency of a disorientation-recovery program
using the Airfox DISO flight simulator (Disorientation Trainer, AMST
Systemtechnik GmbH, Austria), 26 jet pilots were tested. The pilots
were randomly allocated to 1 of 3 groups: Training, Awareness, or
Control group. The training for the Training group included demon-
stration trials of the disorientation phenomena Gyro Spin, Leans,
Dark Take-off, Expectation Error, Black Hole Approach, and False
Horizon (awareness phase) and additional reorientation exercises
(training phase). Pilots of the Awareness group also received the
awareness phase, but instead of the training phase, they had the
control condition free flight. All 26 pilots attended a test, which in-
cluded profiles of disorientation elements. The whole procedure
took about 7 hours per pilot. Aviation performance, psychological,
and physiological data were measured. Results contribute to an-
swer the more theoretical question how physiologically determined
perceptual illusions and contradicting perceptual inputs to the
mental picture of the situation interact to change or destroy situa-
tion awareness. Physiological stress occurred during the simulator
exercises (e.g. Black Hole Approach) as indicated by significant
changes in heart rate. Performance ratings show positive effects
for the Training group. The Training group recovered more quickly,
confirming these ratings.
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Introductian

Spatial disorientation (SD) in flight is a frequently mentioned cause of acci-
dents in military aviation (Bellenkes, Basan, & Yacavone, 1992; Braitlhwaite,
Durnford, Crowley, Rosado, & Albano, 1998; Lyons, Ercoline, Freeman, &
Gillingham, 1994) . SD can be classified into three types: Type I (unrecognised
Soetial disordentatian), Type IT (vecognised spatial disorientation), and Type IIT
(overvielming spatial disorientation) (Cheung, Momey, Wridht, & Batemen, 1995) .
Mditiaelly, disorientation phenorera are classified into dif ferent groups ac-
cordirg to the perceptual basis. Visual illusians are for exanple size-distance
Musion, anfusion of stars ard groad lidhts, false hardzon il1lusion, flidker ver-
tigo ar autdknesis. Samtagyral illusians are coriolis illusion, leans, or grave-
yard spin. Sametogravic illusians are the elevator illusion or the ocaulogravic
iTheio. There are also praoricosptive and geographical illusians. Spatial disord-
entatio in jet pilots is due to percepal illusians inmest instances. A model to
explain gpatial disorientation in jet pilots is the migmatch-nodel, which states
that imput fran different sorces of infometion produces sensory anflicts (Bles,
Bos, & Kruit, 2000). Due to a missing or insufficient explanation of the mis-
match, recoonised spatial disorientation will result. In other words, the mental
model ard the sensory imput fail to match.

Cnsidering systamns with less gpeed like helioopters, the close links be-
tween spatial disorientation models and loss of situation awareness (Endsley,
1995; 1999) are evident. Situation awereness (SA) requires the correct percep-
tim, the correct interpretation of ewiramental stimili, and the correct anticipa-
tion of future events. This is anly possible as layg as a match between the
mental picture and the extermal situation is given. In dynamic systens, the
future or projected mental picture plays a cantral role in SA. The fubure situation
has to be predicted based on present situation cues, experience, and the men-
tal model of the situation including the action and movement of the own system
(Kallus, Dittmerm, Van Dammre, & Barbarino, 1999) . Without a proper prediction
and the match between prediction and the enviroment, our awareness quickly
falls behind the dyramic of the situation. A theoretical model, which acoounts
for this anticipation-action-coparism-loop, is the model of Anticipstory Action
Regulation (Hoffmerm, 1993) .

The goals of this study were the developrent ard evaluation of a training
program for disorientation phenarera in jet pilcots. For this reasm, reorientation
training was developed based on similations of the most frequent phencmena
of perosgptual illusians in jet pilots and these basic models of gpatial disorienta-
tion. The study followed a psychoghysiological miltilevel assessment aporoach.
Flight performance, physiological parameters, and mood state were comple-
mented by behavioural ratings and interview data.

Method
Subjects and Design
Twaty-six mele jet pilots (22 active jet pilots) in the age rarge of 24 to 60
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years (mean = 33.5 years, s = 9.6) were randomly submitted to ane cut of three
aaditians. Every participent attended three flight similator sessians (phases) .
The experimental design of the study is given in Table 1.

Table 1
Design
PhaseI Phase IT Phase III
Tmnng goup Awareness Tmihhg Testl
(I'G ,n = 10)
Awareness goup Awareness | Free Flght Testl
AG,n = 8)
Controlgroup Free Flght | Testl / Test2
CG,n=38) Awareness

Ten suojects participated in the Training graup, which consisted of an aware-
ness phase ard a training phase. The Awareness group, which consisted of
eight pilots, had an identical awereness phase, but instead of the training, these
pilats were allowed to practise in a free flight codition without intentianel disord-
entation phenarena for the same amount of time. Pilots of the Training and the
Avareness group attended test 1 during phase III. The eight pilots of the Gontrol
graup had the free flight cadition at the begiming (ghase I) . During phase 1T,
they attended test 1 followed by the awareness exercises. During phase III,
they had test 2, which wes identical with test 1 (with ae exception: the flight
level for the recoveries in test 1 was 250 ard in test 2 it was 100). The test 1
trials were identical for all groups ad axsisted of for disorientation profiles
(Expectation Error, Dark Take-of £, False Horizan, Black Hole Approach) and the
profile Recoveries.

Flight Simulator DISO

Tre flight similarar Airfax DISO (Disorientation Trairer, Figrel, Teble?2) isa
development of AMST Systemtechnik GmbH (5282-Ranshofen, Austyia). An
externral amsole is used to aotrol the flight simu-
laxr . The instructor pilot (at the aasole) ard the
- i trainee-pilot (in the similator unit) communicate
. via a radio camection. If necessary, the irstmuctar
pilct flies the similatar fram the ansole, e.g. in
arder to set the flight parameters for the Recovery
similatians (description cf. below) . The profiles
were developad for this study (Haug, 2002) and all
active exercises used in this study were based

o a F16 simulator.

Figure 1. Disorientation Trainer (DISO, http://www.amst.co.at) .
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Table 2
Kinematical parameters of the Airfox DISO (http.//www.amst.co.at)

KINEMATICAL PARAMETERS

M otion degree

of freedom Displacem ent Velciy Acceleration
Pich +30° +20°k + 150 °k2
Roll +30° +20°k + 150 °k2
Yaw +60° +20°k + 150 °52
Additonalyaw 360 ° conthuous 150 °%& + 15 °/&2
Heave +0,14m +04mE +8mkE2
Surge +032m /-0,.27m +04m/p

Sway +0,28m +04mAb +8m/pE2

Procedure

The awareness phase consisted of two passive Gyro Spin exercises and the
five flidht profiles Teans, Dark Take-of £, Expectation Frvar, Black Hole Approach,
and False Horizan. Four active exercises (1 x False Horizan, 2 x Black Hole
Ipproach, 4 x Dark Take Off, and 3 x Expectation Frror) were used for the
training phase. In all profiles of the awareness phase and in sare of the training
phase sare or all instruments (conplete electrical failure) were switched off for
a while for a better illustration of the disorientation phenarera. During the test
phase (Expectation Error, Dark Teke Off, False Horizan, Black Hole Approach
ard Recoveries) all instrurents worked. For the profile Recoveries the instruc-
tar pilot set certain flight parareters via the externral aotrol ansole. Durdrg the
set-up time the trainee-pilct (inside the similatar unit) kept his eyes closed. The
trainee-pilot was instructed to reach safe flight parameters (to recover) as fast
as possible. This exercise was conducted ten times according to the Recover-
ies liged in Table 3.

Table 3
Recoveries (same sequence for all pilots)

Recoveres

| Nose Hgh Recovery, VFR , high speed
| Twverted Recovery, VFR

| Nose Low Recovery, FR , hgh speed

| Nose Hgh Recovery, FR, high speed

| Nose Low Recovery, VFR ,high speed
| hvered Recovery, FR
| Nose Hgh Recovery, VFR , bw speed

| Nose Low Recovery, VFR , bw speed

V| |J|an|ju|d|w]IN |-

| Nose Hgh Recovery, FR , bw speed

-
o

1 Nose Low Recovery, FR , bw speed
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The whole examination procedure lasted about seven hours per pilot. Aftera
short briefing, the pilots were asked to fill in questiareires. Before ard after
each phase in the DISO the pilots filled in an adjective check-list based on the
German adjective check list of Janke & Debus (1978) and a physical symptom
check-list based on the symptom list of Erdmarm & Janke (1984) cutside the
flight similatar, and after each phase the pilots todk pert in an extensive recm-
struction interview conceming the simulator profiles. The questians for analyz-
ing mental processes were based on the Reconstruction Interview of the Inte-
grated Task Amalysis (TTA) that was developed to analyze mental processes in
airtef fic cotrollers (Kallus, Barkardino, & Van Damme, 1998) .

Dependent Variables
Instructor Pilot Rating . Tre instructar pilet, an experienced jet pilot, wo also

meintained the radio camunication with the participents, rated the flidght perfor-
mence of the pilots during all actively flomn profiles alay the evaluation criteria
noted below:

= Allocation of Attention (2A)

= Siterion Awareness (SA)

" Stress Resistance (SR)

="Milti Tasking (MI)

" Aggressiveness (AG)

®Overall Performance (QA)

As the Recovery sequences were of short duration (average about 12 sec.), the
instructor pilot anly rated the Overall Performence (). The four main ratings
(evaluatio categories) are excellent 4), good (3), fair (), adunset (1) .

Recovery Time . During the profile Recoveries (test 1 ard 2) the Recovery
Time was measured. The Recovery Time is the time it took the jet pilot to reach
safe flight parameters (trainee-pilot’s judgenent) after the amtrols were handed

Psychical and physical state. The state of the subject was assessed by an
adjective checklist and a physical symptom checklist before and after each
pgase in the flight similator.

Heart Rate . Physiological stress reactions were assessed by BOG-registra-
tions using a partable anplifier (g.tec, Graz) ard a MATLAB/Simulink (Mathworks,
Inc.) hased software-system, which allowed anline recording of the data via a
standard notebodk. The anplifier was installed kehird the pilot’s seat; the note-
bock used for data storage was also within the DISO unit. Furthermore, EEG
and EOG were measured. To merk certain events (start of a profile, take-of £
crash, etc.) triggers were set marually and they were recorded similtanecusly
with the ghysiclogical data.
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Flight performence, psycdhological, and EQG data were sulomitted to statisti-
cal analyses using non-parametric (IP-Ratings) and parametric tests (Recov-
ery-times ard heart rate) fram the SPSS statistical package. The analysis of
the data follows the model of descriptive data analysis (Bbt, 1987) .

Results

Flight Performance

During the awareness phase, the instructor pilot ratings show no differences
between the Training ard the Awareness group. In amtrast to this, descriptive
aralyses of the data of test 1 result in a better perfomence of the Training graup
compared with the Awareness or Control group an average. Significant training
effects were dotained for the performence in the Expectation Error trial. (This
fligt is a nigt flidht with stars ad lidts of a ton visible. At the begitming of
this profile, the F16 is already aivbome at 3000 feet, 14 nautical miles fram the
alrpoyt. The pilct gets the instructians to aare in far a Touch-and-Go manoeuvre
ad after this to fly a left-tim. Durdrg flyirng the left-tum, it is possible thet the
pilot becares disorientated by not being able to discriminate between the lights
of the tomn ard the lidhts of the stars. Already during the approach, sare pilots
oot similar orientation prablars - as a result of the few lighted airport - as aould
ke doserved during the profile Black Hole Approach.)

Figure 2 shows the results for the categories Allocation of Attention @8),
Sittetim Awareness (SA), Stress Resistance (SR), Multi Tasking (MI), Aggres-
siveness (2G) ard Overall Performance (QB); the Training group dotained higher
saares (better ratirgs) in all categories.

evaliatbn
categor.:
4 = excel
3 = good
2 =far
1 =unset —&— Tmhng goup
15 - - -~~~ - —{— Awareness group
=== C onto lgrmoup

AA SA SR MT AG OA
evaluton crieria

Figure 2. pPerformence evaluation by the instructor pilot (means) in the Expecta-
tion Brrar trdal intest 1pergrop (IG: n=38, 2AG: n =8, (G: n = 8), adoreviatians
. tet.

Note that there are hardly any differences between the Gmtrol group ard the
Mwareness group (Figure 2) . Except stress resistance, all differences between
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tte Training group ard the Cotrol or Awareness group are significant (p < 0.05,
Tadle 4) .

Table 4
Results of the statistical analyses of flight performance ratings of the profile
Expectation Error during test 1 (TG:.n=8, AG:n=8, CG: n=8)

KmskalW alls| Mann-W hiney
Test U-Test

Testl: Exactp-valie Exactp-valie
Expectation Error TG AG-CG | TGCG | TGAG
ATbcaton of Attention @A) 0,028 0,043 0,025
Sination Awareness SA) 0,138 0,223 0,034
Stess Restance (SR) 0,198 0,119 0,231
MuliTaskihg M T) 0,019 0,010 0,010
Aggressieness AG) 0,020 0,034 0,015
OvemllPerform ance OA) 0,010 0,010 0,001

As can been seen in Figure 3 the Control group reached much better values
in test 2 (dese III) then in test 1 (dwse II). The differances are significant
(Wilaxm-test) for the evaluatiom criteria Situation Awareness (SA, p = .038),
Stress Resistance (SR, p = .025), Aggressiveness (AG, p = .038) and the Over-
all Performence (A, p = .023). Thug, attending test 1 with the subsequent
awareness exercises during phase IT resulted for the pilots of the dontrol group
in a similar training effect to that dotained in the Training grogp.

evalaton
categor.:

4 = excell

3=good 27

2 =far
1 =unset

15 fF-mm e —O0—Contwolgmwup -testl

—— Contwlgmwup -test2

AA SA SR MT AG OA
evalution crieria

Figure 3. (hanges in the performence of the Cotrol grop (n = 8) framtest 1 to
test 2, Expectation Frrar trdal.

Ratings were supported by dojective data. The Training group dotained best
values i.e. lowest Recovery-times in nearly all recoveries (Figure 4) . Significant
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differences were dotained for Recovery trial 4 (F(2,23) = 4.68, p = .020), far
which pilots of the Training group had clearly lower recovery times than the
Awareness group (p = .016, Post hoc tests: Tukey HSD) .

24

20 +
16 + -}

12 +

seconds

—a&— Tmhhggr.
—{— Awareness gr.
—=0—= Contwolgr.

AN N S o'% of\ 0
o
27 2% 97 27 97 97 0¥ T 7 @

Recovery

Figure 4 . Recovery-times in test 1 for the ten different Recoveries per graup.

While these results of the flight perfamence clearly show the effects of reord-
entation training procedures between the three groups, 1o significant group dif-
ferences ocould be fourd for the self-rated psydhological arnd physical states.

First amalyses of the recnstruction interview data show that although the
pilots were familiar with disorientation phenanera theoretically, they foud them-
selves repeatedly in unexpected situations and their flight performence was
often clearly kelow their persanl expectatians.

ECG

The physiological data show that disorientation profiles in a similator can be
quite stressful especially when disorientation ocaurs. As an exanple the Black
Hole Agoroach, results of test 1 are given in Figure 5. (The Black Hole Approach
is a night flight profile without perdpheral visual aes, except a few-lighted air-
pt. At the begiming of this profile, the F16 is already aivlbome at 3000 feet, 14
rautical miles from the airport. The pilct gets the instruction to care in for a
landing. During the straight in approach disorientation phenomena can occur .
As a result of the few-lighted airport the rumay appears to move. Rbove this
pilots cet the visual illusion of a high-altitude firal agoroach ard if they believe
their illusion - and dn’t lok at ar dn't trust the instrurents especially the
altimeter - they declire too fast ard too early which causes a crach in frant of
the rurway)

For the amalysis of the Black Hole Agoroach the pilots were — after flying this
profile - assigned to three graups according to their flight perfomence: landing,
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crash, ard prdbolems. “Prdblams” mean in this camection that the pilot had a
kad landing (for exanple cutside the ), he did a Touch-and-Go manoeu-
vre or he decided to fly a Go-arourd.

2o

heartmate

begihnig of the measurhg secton

—8&— crash —A— pwbkmn s —O— bndig

Figure 5. Crerges in heart rate in the course of the profile Black Hole Approach
for three dif ferent graups (crash: n = 6, prdolans: n = 6, lading: n = 10). To
aralyze the heart rate changes during this profile the aarplete physiological
measurenent from the start until 30 secads after the pilot landed (or crashed,
dida Touch-and-CGo, etc.) was divided into 13 measuring sections. The labelling
of the x-axds indicates the begimming of a measuring sectiom.

Figure 5 shows that the standard landing (line with open ullets) shows the
well-known and expected effect of a landing procedure. Disorientation (cpen
triangles) ard disorietation plus crash (filled squares) result inmerked increases
in heart rate (interaction time x group: F(11.7,110.9) = 2,19; p = .018; mein
e fect tine: F(5.8,110.9) = 15.604; p = .000) .

Conclusions
Tre results imdicate that the Airfox DISO flidght similator i1lustrates disarien-

tation phenorena realistically, althouch free novenent (360°) is anly possible
along one axis and other movements are restricted to angles between 30° and
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60° (cf. introductian, Table 1). The similation scenarios are of high impact for
the pilots, as could be demonstrated by the BQG-data. Tedmically, there are ro
prdolans in dotaining ghysiological recordings during the flight similatians. Thus,
the Airfox DISO Simulator can be used to conduct detailed studies, which re-
solves the question whether the different disorientation phenarena follow a con-
mon mismatch-model. Research for motion sickness (Bles, 1998) indicated
that there might be the need for a proper separation of different disorientation
phenarena, as anly certain events fram the area of disorientation seem to cause
motion sickness. On the other hand, simple perceptual illusions and corplex
mismatches in loss of situation awareness may have to be treated as different
phenarena which nevertheless can be the cause of fatal “disorientation” errors
in aviation.

Tt has been danmstrated that disorientation training for jet pilots should ke
doe explicitly. Of course it is useful to inprove awareness of disorientation
phenorena in pilots with similator profiles, as it is still a widespread phenon-
enm thaet the individual pilot believes that he persarlly will not be subjected to
wcmtrollable disorientation prdolans. Additiamel training - after the demon-
stration of disorientation profiles (ewareness phase) — inproves performence in
dealing with disorientation remarkably .This may prevent fatal flight situatians.

Recovery times were slightly increased for the Awareness group. This irdi-
cates that for anti-disorientation training a proper exercise is necessary to en-
sure a clear training effect. The need of pracer goplication of new skills is well
known from sgkill acquisition training and stress management training
(Meichenbaum & Fitzpatrick, 1995) .

The test profile Recoveries similated situatians in which pilots “recognise”
the disorientation ard try to recover. In amtrast, the data shown for the Black
Hole Apgproach include unrecognized flight prablems. As heart rate increased for
crash pilots in Figure 5 about 10 miles cut, increased awareness about their
state should have allowed a Touch-and-Go. This suggests that awareness of
prablem situations should be further increased by improved awareness training
including “self awareness.”

Qurrent research addresses the generalization from jet pilots to VER- and
heliapter-pilcts (with adepted profiles) . If similar results are fard, the arreat
results are a strayg argurent for the inclusion of an anti-disorientation training
in the trainirg of pilcs.
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Abstract

Many components of flight training that students subconsciously
use to develop the safety culture, they will adopt. This mindset is
acquired from the beginning of flight training and continues to
grow throughout each student’s respective career. There are many
routine tasks that are accomplished for every flight that often be-
come neglected over time, and this creates a gap in the safety
culture that must be filled. One task that has the potential for be-
coming routine is the aircraft preflight. Aircraft preflight inspection
is a leamned process acquired early in the flight training of pilots.
From these early lessons, it is assumed that a careful pilot will
develop sound, enduring habit patterns for assessing the preflight
airworthiness of various aircraft. However, because of differences
in the instructional approach, variations in flight instructor experi-
ence, and individual student leamning styles, observable, measur-
able differences in the way students approach the preflight pro-
cess often result. Some students learn methodical, thorough, and
consistent preflight methods while other students demonstrate slip-
shod, haphazard, and unsafe techniques. Clearly, assessment of
aircraft airworthiness using the preflight inspection is the safety
starting block for any flight. Because the instructional Law of Pri-
macy suggests that what is learned first is best retained, it is im-
perative that proper, systematic preflight procedures be properly
taught and judiciously followed in order to create and nurture both
an individual acceptance of safety and a collective culture of safety.

Introduction

Before developing programs to create a safety culture, the concepts of “cul-
ture” and “safety culture” must first e understood. Since the actual measure-
ment of aulture is prdolamatic, it is inperative that these guidelines be estab-
lished. Kluckhdm and Strodoeck identified culture as a mega-variable fram
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which all contingencies originate. We think the way we have been socialized to
think. The universal value ardentatians are to ke foud in all adltures. Each of the
variations has implications for values, behavior, and emotions. Kluckholn and
Stodtbeck’ s five orientations are: (1) huren nature, (2) relationships between
men and rature, (3) time, (4) activity, and (5) relationships (Kluckhdm &
Strodbeck, 1961) .

One of the ways that an awareness of a safety culture can be pronoted is by
placing the idea of safety at the farefrant, fram the begiming of training. Amalysis
of selected aviation incident reports conducted by Orasaru (1997) suggested
that situational awareness among crews was often compromised when workload
was heavy or when distractions occurred. Consequently, it was aoncluded that
strategies for menaging crew tasks while promwting cammication of essential
information between crewmenbers must be taught. Since preflight briefings are
a crucial point for establishing the approach toward cpen commication, thus
setting the tae for the raminder of the flight, this is precisely where the pro-
cess for mnitoring aircraft systems, enroute weather, ard other related tasks
should ke formalized (Orasarmui, 1997). A flidht is a sequence of related events
influenced by prior events. Since pilcots, as a group, derive satisfaction fram goal
conpletion, once the comitment to flight is mede, a compelling psychological
incentive appears in the pilot psyche to cotime to the intended destination
(Smith, 1999) . This sequence of events begins with the preflight inspection tlhus
planting the seed far a psydological evat thet, in tum, will divectly correlate to
the quality of the safety ailture.

Perhaps aviation safety should be approached as an ongoing, continuous
process begimming early in primery training with the dojective of creating a pilot
society which recognizes the consequences of risk and which encourages indi-
viduals to form gpinions based an a realistic knowledge of hazards (Thorbum,
1990) . Unfortunately, most pilots do not receive structured decision or judgrent
either training in their initial ar later flying experiences. It is assued thet they
will leam judgrent throuh their experience (Inageki, Takae, & Moray, 1999).
Thus, the final exam would core before any formalized awareness training.
While it is true that a safety culture has 1o begiming and o end, cowventicnal
wisdam holds thet the starting point far any given flidht is the aircraft prefligit. Tt
is therefore imperative that sound processes be established, commicated,
ard reinforced to aporcach this early part of the flight with an aporopriate sensi-
tivity towerds safety .

Statement of the Problem

Aocording to Federal Aviation Regulation (FAR) 61.87 (d) (1), a student pilct
must receive ard log flight training for proper flight preparation procedures in-
cludirg prefligtt plamirg prior to solo flight. Since the FARs provide limited
guidance as to the minimum training necessary for preflight, the quantity and
extent needed to satisfy this requirament is left to the discretio of the individial
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fligt instmuctar . Perhaps paredoxically, these FAA minimis relate to the ca-
pebilities of ideal pilots ard superb equiprent because, in addition to regulating
far safety, e FAA is also tasked with prowting the aviation industry (Jensen,
1997) .

Within every discipline, there are teachers or instructors wo are not just
gifted presenters, but who also can comect with students in ways where stu-
dents went to absorb everything possible. Their flight lessas, filled with rich
informetion that students strive to absorb, go well beyad the FAA minimum
requirements. For these superb, talented, ard irmovative individuals, aviation
students with assorted aptitudes from various backgrounds will very likely suc-
ceed. Unfortunately, there also are those instructors who because of inconpe-
tence, lack of motivation, or negligence demonstrate extremely poor teaching
gkills ard tolerate substarndard leaming. Sadly, because of the mature of aviation
enployment and the personal desire to amass flight time for jdb advancement,
tors are teaching sinply to increase flight time. Sare instructors deliver anly
the barest minimum instruction required by the FAA so that they can get into
the air with the hour meter ruming. These instructors may present topics in very
brced terms, often glossing over the seemingly mrndane skills such as preflight
assessment of airworthiness. As a result, their charges are forced by circun-
stance to acquire their own paradign of aviatio safety through life experience.
This teaching approach contimues when students who were themselves inprop-
erly taught then becore flight instructors, and subsequently imitate the way
they were taught. A destructive cycle is thus enbedded in the aviation industry,
which measurably compromises the safety culture.

Since miltiple flight instructars often teach in a fligit program, it is neces-
sary to establish rigorous standard cperation procedures for many processes
including the aircraft preflight. The inportance of decisians mede prior to flight
was underscored by McElhatton and Drew (1993) in a study suggesting that
merty airlire pilot decisians (or lack of decisians) mede durdirng the preflight ghase
directly correlated to incidents coorring mich later in flight. Of the 125 Aviatim
Safety Reporting System (ASRS) incident reports reviewed in their study, ninety
percant of all time-related himen ervors coourred during the preflight or taxd-aut
phase of cperation (McElhatton & Drew, 1993) .

Despite having fammlized procedires in place for preflighting aivcraft at Pudue
Uhiversity, there still are instances where because of tine pressures, ignorance,
sloth, or instructor inattention, students miss preflight iteams. These amission
style behavior errors are usually trageed throuch a series of “safety nets” - a
Swiss cheese approach where miltiple assessments, doservations, and safety
consultations measure progress towards the individual safety camponent of the
training process. Prase deck evaluatians at the aapletion of each flight course,
certificatio flidght tests for new certificates ard ratings, daily doservation, ard a
safety resolution process should change the behaviors of most unsafe students.
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Yet, even though unlikely, it is still possible for soreae to slip through these
filters umoticed ard degrade the safety system.

The purpose of this paper is to determine whether standardizing the process
of preflighting an airplane for flight students as a group would strengthen the
process of establishing the aulture of safety for a given flidht.

Method

The hypothesis was that there were deficiencies in the preflight process of
sare of the students. Specifically, students did not know the proper procedure
for preflidgnring an airplane, did not know which critical iters that must be chedked
with regard to the engine compartment, and were doing too perfunctory of a
preflight as a group. Furthemore, students were not carrying and referencing
the preflight chedklist, as wes the standard goerating procedure of the flight
program. It was postulated that the amount of time spent on the preflight would
increase following the discussion of preflight procedures between the control
and experimental groups because more students would recognize the safety
value of structured, cmsistent processes. As part of the experiment, wooden
blocks were placed in the engine carpartment blocking the inlet for the oil
ooler (similating a bird’s nest) to see whether students were locking at spe-
cific areas of the engine compartment or simply carpleting a general sweep of
the engine area. Care wes taken to prevent students fram starting the engine if
they had overlocked the wooden dbstacle.

Tre ariginal structire for the doservarians of student aircraft preflidits was to
collect data an forty students as a comtrol group, ard forty students as an
experimental group. Each of the subject students were enrolled in a collegiate
flight program at a mejor Midwestem University . In order to randamnize the selec-
tion of students for doservation; the subjects were determined based upon the
other words, several aircraft would be parked an the flight line ard the doserver
wauld determine which airplane provided the best view for aollecting data. 2t this
time the doserver would wait until a flight student, of his or her omn acoord,
wauld sign aut a particular airplane and proceed to the flight lire for preflidit
preparation. At this point data was aollected an the preflight process. While
students might have a bias far a partiailar airplare, parking spot, ar flight perdad,
the process for subject selection eliminated the potential bias of the doserver for
selecting those students that would give the best data. It wes the elimination of
the doserver bias, for which the subject selection process was chosen.

Subject information such as student name, flight period, and aircraft runoer
were recorded in order to prevent miltiple doservances of the same student
within and between the control and experimental groups. Prior to analyzing the
data, subject information was compared and it was determined whether or not
there were duplicate doservations. The determination was mede that there were
1o duplicate doservatians within or between the control and experimental group.
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Infometio such as total time of preflidit, time of interior and exterior pre-
flight, time of preflidht spent in the engine carpartment, and the use of preflight
checklists was to be collected without subject knowledoe. A series of follov-an
questions (Appendix A) were asked to determine the student’ s perceived thor-
ougmess of the process used to preflight tte airaaft. After an individual wes
doserved as part of the control group, they were asked to not share information
aoceming the study with any other students to preclude the possibility of sanple
contamination between doserved and non-doserved students. After a few more
than twenty doservatians for the aontrol graup it was determined that prior stu-
dents had indeed shared information about the study and the decision was
mede to stop the aollection of data for the amtrol group at twenty-two. This
decision was made after the final doserved student in the control was asked,
“iWhat do you lock for in the engine compartment?” The response was, “Birds
nests and wooden blocks.”

After the data for the aotrol group wes aollected, all of the flight studats
were brought together and standardized as to the desired process used to pre-
flight a Piper Warricr ITI. Procediures established by the target wniversity, incho-
ing examining nednterence reaords, urilization of interior/exteriar chedklists (items
critical to flidht safety that must e deded during each preflidit) were reviewed
with each flight student.

After each flight student was presented with the accepted procedure for
preflighting the Piper Warriar ITT, forty students were doserved for the experimen-
tal group and information was now collected after the flight to determire the
thorougimess of the preflight process. The same information conceming length
of time for preflight arnd a series of questions (Appendix B) were asked of each
student in the experimental group.

Qoservation Results

The original hypothesis was that students were not corpleting thorough
preflights ard therefore starting the process of safety for a given flight with an
inaporopriate safety paradigm. Gmsistently starting the process of safety for a
given flight in an incorrect marmer leads to a breskdomn of the overall safety
adlture for flight students. The expected result of the project was an increase in
the amount of time being dedicated to preflights and consistency in the proce-
dures being utilized for the preflight process following stardardization of the
preflignt process. The following data for the amtrol and experimental grogps can
ke fourd in Appendix C and D with figures comparing the two groups in Appen-
dix E.

The oontrol group had an average overall preflight time of 10:01 mirutes and
secards while the experimental group had an average of 8:35 mirutes and sec-
ads. This was a decrease in the amount of overall preflight time of 1:26 mirutes
and seconds or about 14.3%.
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The control group had an average time spent in the cockpit of 2:52 mirutes
and secards while the experimental group had an average of 3:00 mimutes. This
was an increase in the amont of time spent in the cockpit of :08 secads - an
increase of 4%.

The control group had an average time spent in the engine compartment of
1:43 mirutes and seconds while the experimental group had an average of 1:42
minutes and seconds. This represented a decrease in the amont of time spent
in the engine campartment of :01 seconds, which is less than 1%.

The control group had an average time for the exterior walk around of 6:16
mirutes and seconds while the experimental group had an average of 5:26 min-
utes and seconds. This was a decrease in the amount of time gpent during the
exterior walk around of 13.3%.

With regard to following proper preflight procedires, the control group aon-
tained 12 students who carried a physical checklist while 10 did not carry the
checklist. Nine of the control group students actually referenced the checklist
while 13 did not. Thus, for the amtrol group, 54.5% of the students carried the
checklist and 40.9% of the students referenced the checklist during the exterior
walk around. The experimental group produced 37 students who carried the
physical checklist and 3 who did not. Thirty-ane of these students referenced
the dedklist while nire did not. Accordingly, for the experimental group, 92.5%
of the students carried the checklist while 77.5% of the students referenced the
checklist during the exterior walk arourd. This represented an increase of 38%
for carrying the checklist and 36.6% for referencing the checklist fran the on-

trol to the experimental graups.

Thorougimess of the student preflight inspections was assessed using per-
ceived fuel an board ard date of the next required inspection. Using ‘the amount
of time before the next required maintenance ingpectian”, the control group had
5 students who did not know, 4 who had a general idea, and 12 who knew
goecifically, which is a success rate of 72.7%. By conparison, the experimen-
tal group had 37 students who knew specifically and 3 who did not fly for varicus
unrelated reasons but were unable to state the anmount of time prior to the next
required inspection - a success rate of 92.5%. This represents an increase &
19.8%. Using “the amount of fuel an board cawerted into flight time available,”
the control group had 9 who knew the exact time in hours and mimutes and 13
who only knew how many gallons of fuel were available - a success rate of
40.9%. The experimental group had 36 who knew the exact amount of time and
3 who did not fly for unrelated reasans but were unable to state the amount of
“time” in the fuel tanks, which is a success rate of 92.5%. This represents an
increase of 51.6%.

Discussion

There are several conclusions that may be drawn from the data collected
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from the control and experimental groups. The original hypothesis was that an
increase in the amount of tine for the preflight would result following the stan-
dardization of the preflight process. The reasaning behind this hypothesis was
that a more thorough preflight would take more time ard it was expected that
the aontrol group was not performing a suf ficietly thoach preflidt. After ex-
amining the data, it became apparent that this was not the case. The average
time spent during the variocus segrents of the preflight for the experimental
group decreased far all excet the interior preflicht segrent. After several stu-
dent pilots had aopleted the preflight, this trend was indeed doserved. Al-
though the informetion was not aonsistently dotained from each of the preflight
subjects, an informel survey was carpleted by each participent to quantify the
reasm for this decrease in the amount of time dedicated to the preflight pro-
cess.

Answers dbtained from the informal survey suggested that students had be-
aore more efficient during the preflight due to the standardization process.
Several students comented that they, “Now knew what to lock for during the
preflight.” Before the standardization process was conpleted, students were
rardonly examining variocus aircraft conponents with little justification for the
acker of their actias. After the standardization process was carpleted, the
students were equipped with specific knowledoge on how to corplete a thorough

A second doservation aoncermed the procedures that are followed during the
preflight process. Standard cperating procedures required students to carry and
reference a preflignt checklist during the exterior walk arourd. This standard-
ized approach was crafted so that various segrents of the aircraft were not
overlooked even if students were intermupted by ranp events, cawersation with
other studatts, or flight instructor questians.

The percentage of students who carried the exterior preflicht checklist in-
creased fram 54.5% to 92.5% after the standardization process was conpleted.
This represented a significant increase in the runber of students following the
correct procedures.

All flight departments have standardized procedures that are expected to be
followed by al1 pilots o the flight line. The peroentage of those pilots following
the procedures can ke greatly increased by two sinple factors. First, provide
each pilot with the standardized procedire and explain in detail what behavioral
outcares are expected during the process. Second, and perhaps more impor-
tatly, there must be a system of checks to ensure that the standardized pro-
cess is being judicicusly followed. Qe aspect of flidht training that this project
has emphasized is the need for random checks of standard operating proce-
dures in the Operations Marwal.
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During initial flidht training, students are taught to acarplete a preflidit by a
certified flight instructor ard then students are doserved for several amseautive
preflichts until a pattem of amsistat proficiecy is seen. Following this early
demmstration of proficiency, it might be assured that the student is indeed
conpetent in the preflight process ard that further doservations are umeces-
sary.Yet, with the passace of time, student preflight may erode into a superfi-
cial process where thorougimess learmed a priori will suf far. By aotrast, using
randomized dbservations, the students will soon recognize that they are oon-
stantly uder evaluation ard as a result, the quality of their preflight assess-
ments will ramain high. This “striving” behavior is exactly what was doserved
during data oollection. The runer of students in the control group represented
those students who had acospted a certain level of indifference in the preflight
process. After the standardization process was conpleted, and the realization
that preflights were now being doserved; the students re-adopted the estab-
lished, standardized procedures and also carried the required physical check-
list as sgpecified in the Flight Operations Maruel.

Moreover, the percentage of students referencing the checklist increased
from 40.9% to 77.5%. Although this final percentage is not as high as the rum-
ker of stdats carryirg the dedkdist, it still represents a significant increase
fran the aontrol group. Once again, as students coplete miltiple preflights an
identical aircraft, a level of corplacency may develop that must be overcare. If
a pilot aopletes 100 preflights over the course of several months ard the result
is always the same, there is a humen tendency to expect the same level of
airworthiness on subsequent doservations. Using randomized doservations to
collect the project data forced students back to agoragoriate standardized proce-
dures, which, in tum, improved the level of individual safety and enhanced the
collective safety alture.

The final kasis for quantifying the thorogimess of the preflight process was
to evaluate the student an determining the amount of time before the next re-
quired ingpection ard the amount of fuel an board cawerted into hours of flight
time. These two criteria were chosen because of past experiences where stu-
dents flew airplanes past ingpectio times and landed aivplanes with significant
inmbalances between fuel tanks. The percentage increase from the control to
experimental groups for determining time prior to ingpection and fuel on board
was 19.8% and 51.6% respectively. Even though the percentage increase of
students who knew the amount of “time prior to the next required ingpection”
was not as significant as the percentage for “fuel an board,” the answer accu-
racy to the “time prior to next ingpectiay’ tells a dif ferant stary .

The experimental group gave more accurate answers than did the control
group, and, in mery cases, knew exactly how much flight time until the next
required inspection remained to the nearest 10® of an hour. Several of the an-
trol group students had anly a general idea as to how much time was left and in
sore cages did not know at all. Of the experimental group, the anly students
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who were not aware of the exact amount of time prior to the next inspection
were those students who did not fly the airplare for varicus reasans. Clearly, te
accuracy of the answers dotained from the experimental group concerning the
amount of fuel on board also was significantly improved over the cantrol group.
The experimental group knew precisely how mary gallons of fuel were on board
ad the amount of flight time that fuel eguated to for a perticular goeratim.
Several of the control group subjects anly determined how much fuel was on
board the aircraft and not how much flight time it would provide. Although this
mey sean like a minor difference, in the aviation world, it can be the difference
between properly balanced fuel, landing with adequate and safe reserves or
ruming ae or more tanks totally dry. Each year there are several accidents
where improper fuel menagement is the root cause. Because pilots camot equate
miles per gallon with amsistent accuracy as in the case of autodoiles, they
nust utilize a different measurarent to determine fuel an board. If a pilot knows
that there are four hours of fuel o takeoff, then at any given point in time, they
would have an accurate estimate of how much langer the airplane will fly before
becoming a glider.

Conclusions

It is the seamingly insignificant steps such as cawerting fuel an board into
flignt time, amsistent thorogmess of the preflight ingpection, and a profes-
siaal agoroach to each flight that sugports a culture of safety. Perdiodic doser-
vations to determine whether standard cperating procedures, such as aircraft
preflight, are valueble to kesp flight students and instructors an the right track.
(early, the “owership” of aviation safety is a notion that must ke inplanted
within the psyche of each individial pilct fraom the very first lesson during the
preflidtt process.
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APPENDIX A
Control Group

Safety Culture Observation - Control Group
Aircraft Preflight

Observation Data:

Anount of time spent in cockpit

Avount of time spent in engine compartment

Amount of time for walk around

Aot of time spent on entire preflight

Was a physical dhecklist carried during exterior preflight?

Was a physical checklist referenced during exterior preflight?

Did the pilot start in ae position and move arord the airplane in a logical
sequence?

Questions asked of pilot:

How much time before next inspection?

How much flight time do you have in the fuel tanks?

Did the pilot find the “wrench left by maintenance” in the engine compartment?
If ot ford:

What do you look for in the engine compartment?

APPENDIX B
Experimental Group

Safety Culture Cbservation - Experimental Group
Aircraft Preflight

Tail # Time Date

CQbservation Data:

Amount of time spent in cockpit

Amount of time spent in engine compartment

Amount of time for walk around

Aot of time spent on entire preflight

Was a physical checklist carried during exterior preflight?
Was a physical checklist referenced during exterior preflight?

Questions asked of pilot:

How much time before next inspection?
How much flight time do you have in the fuel tanks upon landing?
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APPENDIX C

Control Group Data

Time in engine

Physical checklist carried

Physical checklist referenced

Preflight in logical sequence

Time before next inspection

Time in fuel tarks

Find block?

Lock for in engine

& | Time spent in cockpit

5 | Total time for prefligt

Ob #
1 1 0:40 2:30 4 NO NO YES DON'T FULL NO OBSTRUCTION
KNOW
2 2:00 0:42 4:12 6:54 YES NO YES DON'T 5 HRS YES
KNOW
3 3:00 0:45 7:00 10:45 NO NO YES 100 18 GAL NO
EACH
4 3:20 1:30 9:00 13:50 YES YES YES NOwW 35 YES
5 2:10 2:20 7:00 11:30 YES YES YES 10 FULL YES
6 1:10 0:35 3:15 5:00 YES NO YES 40 FULL
7 3:20 0:40 6:20 10:20 YES YES YES 30 FULL
8 2:00 5:00 12:10 19:10 YES YES YES DON'T FULL
KNOW
9 2:20 2:00 7:40 12:00 YES YES YES 4 5
10 1:15 1:15 5:00 7:30 NO NO YES B FULL YES
n 2:25 1:15 3:5% 7:36 NO NO YES 50 4
12 3:00 1:50 5:10 10:00 NO NO YES 40 5
3 3:15 2:47 9:30 12:45 YES YES YES GENERAL | FULL NO LOOSE
OK CONNECTIONS,
LEAKS, FLUIDS
14 4:04 1:47 8:17 12:21 YES YES YES PLENTY FULL NO CYLINDER,
LEAKS,
CONNECTIONS
15 4:@ 1:50 7:34 11:36 NO NO YES 15 4 NO FLUIDS, DRIPS,
SMELLS
16 3:5 1:39 6:45 10:40 YES NO YES JUST DONE| 5 NO CONNECTIONS,
LEAKS
17 312 0:49 2:08 5:20 NO NO YES NOT YET FULL NO LEAKS,
CHECKED CONNECTIONS
18 3:15 1:17 6:10 9:25 YES YES YES NOwW 4 NO LEAKS, FLUIDS
19 5:20 1:30 4:55 10:15 NO NO YES NOowW 4 NO GENERAL
PROBLEMS,
THINGS THAT
SHOULDN' T
BE THERE
20 2:20 3:10 7:35 9:55 YES YES YES GENERAL | FULL NO OIL, LEAKS,
OK FLUIDS,
CONNECTIONS
21 3:18 2:51 5:29 8:47 YES YES YES 7 OR 8 FULL YES OIL, FLUIDS,
P-LEAD RAGS,
ALT BELT
2 3:15 3:00 6:05 12:20 NO NO YES 39 FULL NO BIRDS NESTS
AND WOODEN
BLOCKS
AVE 2:2 143 6:16 10:0L 12YES 9YES 22YES 5 9 5
DON'T KNEW FOUND
KNOW EXACT BLOCK
TIME
10NO 13NO 4 B n
GENERAL KNEW | MISSED
IDEA HOW BLOCK
MUCH
FUEL
» 7
KNEW DIDN'T
SPECIFI- HAVE
CALLY BLOCK
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APPENDIX D

Experimental Group Data

Time
Time | Time Total |Physical| Physical Time Time
Ob #[spent in| in or time for checklist| checklist | before next |in fuel
cockpitjengine walk preflight| carried |referenced| inspection | tanks
around
1 4:35 | 1:40 | 4:05 8:40 YES YES 41 3.5
Did
2 | 6:30 | 2:13 | 6:55 | 13:25 | YES YES |Did not fly
not fly
3 4:20 | 2:38 | 7:05 | 11:25 | YES YES 21.6 4
4 | 5:05 | 1:47 | 7:05 | 12:10 | YES YES 13 2.5
5 4:50 | 2:05 | 8:40 | 13:30 | YES YES 0 3.5
6 | 3:40 | 1:35 | 8:20 | 12:00 | YES YES 38 2.5
7 | 4:18 | 1:30 | 4:55 9:13 YES NO 18 3:10
8 2:00 | 1:05 | 4:20 6:20 YES YES 26 3.5
9 2:57 | 2:30 | 5:08 8:05 YES YES 31.5 3
10 | 3:28 | 0:35 | 2:25 5:53 YES NO 18.1 3.85
11 | 3:50 | 1:25 | 4:50 8:40 YES YES 14.8 2:48
12 | 3:30 | 0:55 | 4:20 7:50 YES NO 28.5 3.5
13 | 3:25 | 1:20 | 5:02 8:27 YES YES 27.1 4
14 | 3:15 | 3:05 | 6:05 9:20 YES YES 14.5 3.5
15 | 2:20 | 0:50 | 8:45 | 11:05 | YES YES 0 3.4
16 | 2:30 | 1:55 | 7:50 | 10:20 | YES YES 23.4 35
17 | 2:25 | 0:55 | 4:45 7:10 YES NO 43 2.9

Utilizing Preflight Observations to Facilitate the Development of Safety Cultures
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APPENDIX D - continued
Experimental Group Data

18 1:10 | 0:45 | 2:35 | 3:45 | YES NO 41 3.9
19 3:15 | 1:20 | 5:25 | 8:40 | YES | YES 43 4:10
Did not

20 3:20 | 1:30 | 4:00 | 7:20 | YES | YES |Did not fly

fly
21 3:19 | 3:13 | 9:24 | 12:43 | YES | YES 3.7 1
22 3:19 | 3:03 | 7:57 | 11:16 | YES | YES 32 26gal
23 5:37 | 2:17 | 8:22 | 13:59 | YES | YES 19.2 4
24 2:02 | 2:57 | 5:52 | 7:54 | YES | YES 39 3.1
25 2:47 | 1:55 | 5:02 | 7:49 | YES | YES 7 4
26 1:45 | 1:59 | 5:00 | 6:45 | YES | YES 27 4.1
27 2:24 | 1:50 | 3:28 | 5:52 NO NO 34 6
28 1:54 | 1:33 | 4:02 | 5:56 | YES | YES 35 3.5
29 2:07 | 0:48 | 2:21 | 4:28 | YES NO 0 4.5
30 2:06 | 1:29 | 4:39 | 6:45 | YES | YES 39 34
31 1:18 | 1:21 | 9:21 | 10:39 | YES | YES 32 4
32 1:55 | 1:27 | 4:55 | 6:50 | NO NO 23 2.5
33 2:42 | 1:38 | 4:37 | 7:19 NO NO 19 3.5
34 1:45 | 0:58 | 4:12 | 5:57 | YES | YES 29.7 3.1
35 2:15 | 1:33 | 5:00 | 7:15 | YES | YES 34 3.6
36 2:28 | 1:23 | 3:52 | 6:20 | YES | YES 48 3
37 1:56 | 1:51 | 5:42 | 7:38 | YES | YES 30 2.5
38 2:28 | 2:01 | 5:35 | 8:03 | YES | YES |Didnotfly Diﬁi not

y
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APPENDIX D - continued
Experimental Group Data

3:00 | 1:42 | 5:26

AVE

8:35

37

YES

37 Knew
31 YES
Specifically

37

Knew

exact

time

APPENDIX E

Comparison of Control and Experimental Groups
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APPENDIX E - continued
Conparison of Control and Experimental Groups
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19.8% Increase
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Abstract

Aviation maintenance has been identified by the FAA as an area
where better efficiency is needed to cope with ever increasing
workloads. However, aviation maintenance also has been identi-
fied as one of the major causes of accidents. Consequently, if fur-
ther efficiencies are to be achieved, they cannot come at the cost of
reduced safety margins. The present study employed a safety cli-
mate approach to assist in the development of a model that can
help to explain morale, psychological health, turnover intentions,
and error in the aviation maintenance environment. An instrument
called the Maintenance Environment Survey was developed and
administered to 240 personnel responsible for maintenance of a
large military helicopter fleet. Data collected through the survey
were used to develop a structural model that predicted 45% of the
variance in psychological health, 67% of the variance in morale,
27% of the variance in tumover intentions, and 44% of the variance
in self-reported maintenance errors. The model shows the path-
ways through which organizational level and individual level vari-
ables can influence work outcomes and leads to suggestions for
interventions that can help to improve maintenance efficiency.
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The Role of Organizatianal and Individual Vardidbles in
Aircraft Maintenance Performance

The importance of the maintenance function was captured by Weick and
colleagues when they doserved that: “Maintenance pecple come into contact
with the largest rinber of failures, at earlier stages of develoorent, ard have an
agoing sense of the wulnerabilities in the tedmology, slogpiness in the goera-
tions, gaps in the procedures, and sequences by which ane error triggers an-
other” (Weic, Sitcliffe, & Gostfeld, 1999, p. 9RB). A significant proportion of
these errors core at the hands of the maintainers themselves as the ever-
increasing carplexity of aviation places greater demends an those respansible
for their maintenance.

Figures ererging from the United Kingdom Civil Aviation Authority (CRAA)
showed a steady rise in the mumber of maintenance error mendatory occur-
rence reports over the period 1990 to 2000 (Courteney, 2001) . A recent Boeing
study of worldwide camercial jet aircraft accidents over that same period showed
a significant increase in the rate of accidents where maintenance and inspec-
tim were primery factors (cited in IC2O, 2003) . The FZR, in its strategic plan far
huen factors in aviation meintenance through to 2003, cited statistics from the
Ar Transport Association of America (ATA) showing that the rumber of passen-
ger miles flown by the largest US airlines increased 187% from 1983 through to
1995. Over that same period, the mmer of aircraft geerated by those airlines
increased 70%, but the rumber of aviation maintenance technicians increased
anly 27%. The FAA concluded that the only way the maintenance program
could agee with the increased workloed was by increased efficiency at the worker
level (cited in McKema, 2002) .

Desgpite the awareness of the importance of maintenance to the aviation in-
dustry and the growing prablems confronting maintenance, wntil recently, em-
pirical research into the nature of maintenance work ard related himen factors
has been negligible. The develooment of descriptive models of humen error and
accident causation (Reason, 1990; Senders & Moray, 1991) ard the recent
adaptation of Reason’s model to aviation maintenance (Reason & Hodos, 2003)
are nejor steps in the right divection. Research an error classification schares
(e.g., Patarkar, 2002; Shappell & Weigmarm, 1997) and, more recently, safety
alltre (Taylar & Thomas, 2003; Patankar, 2003) represent other oright spots in
a surprisingly sparse research literature. However, what are needed, in addition
to the descriptive accident causation models, classification scheres, ard cul-
ture surveys, are enpirically validated models that capture the mejor influences
on maintenance work and provide a means of assessing these influences. Mod-
els of this kind can provide the kasis for predicting unsafe orgpnizatianl states
ard designing interventians that will lead to reductians in maintenance errors.
The present study set aut to develop such a model within the context of aviation
maintenance using a miltivariate methodology that has its roots in what has
becare known as the safety climate approach. This approach is described in

the following paragraghs.
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Safety Climate and Safety Culture

Over the years, the concepts of safety aulture and safety clinete have devel -
oped almost in parallel through the safety literature. Safety climete is
eeratiarlised in the arrent study as the individual’s percsptians of the argamni-
zatianal policies, procedires, ad rewerds relevant to safety in the orgenization
(@ildermud, 2000; Griffin & Neal, 2000) . This definitio sets it apart fram safety
aulture, which is usually regarded as a stable, desp-seated agpect of an organi-
zation that expresses itself through climete (Guldermard, 2000, p. 221) . Whereas
the assessment of safety culture requires tangible means of measurement such
as in-depth interviews and analysis of stated safety goals and polices
(Guldermund, 2000; Mearmns & Flin, 1999), safety climate is assessed throuch
self-report questiaraires.

Constructing a Measure of Safety Climate

Attenpts have been made to define a core set of amstructs for safety cli-
mate (see Flin, Mearns, O'Comor, & Bryden, 2000) . Although not entirely suc-
cessful in establishing core dimensians, this research is useful in suggesting
amstructs that should be considered for inclusion in research on maintenance
errors. Recent publicatians relating to the assessment of safety climate in avia-
tion maintenance also provide guidance. Taylar ard Thoras (2003), for example,
used a self-report questicmaire called the Maintenance Resource Management/
Technical Qperations Questiommaire (MRM/TOQ) to measure what they regarded
as two fundamental parameters in aviation maintenance: professionalism and
trust. The dimension of professiaalism is defined in their questiaraire in terms
of reactions to work stressors arnd persaal assertiveness. Trust is defined in
terms of relations with co-workers and supervisors. Questions relating to these
areas also gopear in the questiamaire to be used in the curvent research.
Patankar (2003) constructed a questicmaire called the Organizational Safety
Culture Questiamaire, which included questions from the MRM/TOQ along with
items from questiomaires developed cutside the maintenance enviromment.
Following the application of exploratory factor analytic routines to a dataset
generated from respondents that included 124 maintenance engineers, Patankar
identified faur factors as havirng partiaular relevance to the safety goals of avia-
tion orgenizations: emphasis an carpliance with standard operating procedures,
aollective comitment to safety, individial sense of respansibility towerd safety,
and a high level of enployee-management trust.

Tuming to the general safety literature, there are now a host of question-
maives that purport to measure either safety culture or safety climate. Wiegrarm
and his colleagues (Wiegmarm, von Thaden, Mitchell, Sharma, & Zhang, 2003)
drew upon 13 such measures to construct their Commercial Aviation Safety
Survey (CASS), an instrument designed for use with pilots. Most of these ques-
tiamaires are miltidimensiaal, covering a range of factors that the authors
amsider to be of relevance to safety performence. The availability of so mery
Questiamaires tapping an array of safety-related canstructs presents a chal-
lence to researchers interested in amstructing a safety climate survey for use
in specific settings such as maintenance.
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That challenge was addressed in the present study by using the principle of
triangulation to isolate the amstructs relevant to a maintenance envivament.
Drawing upon the distinction between culture and climete mede earlier, this
methodology entailed a close examination of the safety culture in an orgeniza-
tim in arder to derive questians for inclusion in a safety clinere survey . The first
step in the triangulation process involved a search of the safety literature to
identify potential amstructs for inclusion in the questiareire. As already men-
tioned, there is no shortage of surveys in the literature arnd sare researchers
have attarpted to identify aore safety climate amstructs (e.g., Flinet al., 2000) .
The second step irvolved the analysis of a maintenance incident database and
the associated incident irwvestigation reports. The database ard incident reports
highlighted the relevance of factors such as inadequate training, poor supervi-
sin, and individual factors such as stress and fatigue as causes of meinte-
nance-related incidents. The third method irvolved a series of foous group inter-
views with maintenance persamel ard their supervisors to ascertain their per-
cgptions of factors that impact on maintenance work. Content analyses of these
interviews highlighted organizatiaal aoncems such as scheduling and resources.

Information collected in these three phases was then used as the basis for
the construction of a questiamaire to measure organizaticwl and individual
factors considered 1likely to impact an maintenance performance. The resulting
questiomaire, called the Maintenance Enviromment Survey (MES), was broader
in sagee then many of the existing climate or aulture surveys. It contained
questios intended to define the following aoanstructs: a) safety climate, b) no-
rale, c) psydological health, d) jdo tumover intentions, and e) maintenance
enars.

The construction ard validation of the MES was a necessary first step to-
wards the developrent and validation of a structural model showing how the
various factors captured by the survey interact to influence maintenance errors.
Desgpite the proliferation of studies reporting new safety clinmate questiaraires,
there are few studies in the safety literature that have taken the extra step of
amstructing models to illustrate the interactions among the psychological fac-
tors captured by the questiamaires. Using climate surveys in carbination with
the tedmiques of miltivariate amalysis, egpecially path analysis arnd structural
equation modeling, it is possible to capture elements of the accident causation
process and to test different models of how the components of the system
work. These models can then e used to direct interventions aimed at improving
safety performance in the maintenance envirament. The rationale for the model

to ke tested in the present study is set aut in the following paragradhs.

Developing a Model to Predict Maintenance Errors

Regarding the relations between safety climate and maintenance errors, there
is now a suostantial body of enpirical evidence fraom the general safety literature
to sugpport the contention that measures of clinete are related to safety aut-
cares. This relationship has been demonstrated in cross-sectional surveys
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where scores an safety climate scales have been linked with accidents (Donald
& Canter, 1994; Zohar, 1980), in lawgitudinal studies MNeal & Grif fin, 2002), in
intervention studies (Doeld & Youg, 199%), in individual as well as gragp-level
studies (Hofamn & Stetzer, 1996; Zohar, 2000), and across a very wide range
of industrial settings. These settinpgs include hospitals Meal, Griffin, & Hart,
2000), the offshore oil industry (Meams, Flin, Gordm, & Fleming, 2001), the
power industry (Donald & Young, 1996), and chemical processing plants
(Hofmann & Stetzer, 199%) .

Most of these studies used regression and bivariate correlations to demon-
strate the existence of a relationship between safety climate and safety perfor-
mance. However, a smll grogp of studies have used path analysis or structural
equation modelling (SEM) to explain the doserved relationships (e.g., Hoferm
& Morgeson, 1999, Neal et al., 2000, Tamés, Melia, & Oliver, 1999; Oliver,
Cheyne, Taras, & Cox, 2002) . Together, the two groups of studies provided the
basis for a hypothesized SEM model that was expected to capture variance in
self-reported maintenance errors. The model is shown in Figure 1.

1
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Figure 1. Hypothesised model showing relations among Climate, Morale,
Health, Timover , ard Errors.

Tt can be seen that the full model contains both a measurement and a struc-
tural component. Description of the variables that make up the measurement
companent is deferred until the Method section. A hrdief description of the struc-
tural component is presented here. The first component of the model concems
the safety climate section of the MES. James and James (1989) argued that the
varicus dimensians of climete reflect a higher-order factor (General Psychologi-
cal Climate, PCg) . Safety climate variables are therefore shown as indicators of
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a latent Safety Climate construct (James & James, 1989) . Safety Climate was
expected to influence a second latent construct labeled Morale, which was
measured by the Commitment, Jdb Satisfaction, and Responsibility variables.
Safety Climate also was expected to influence the psychological health of the
individual maintenance workers; a oonstruct that has been labeled sinply as
Health and that was captured by the measures of stress, fatigue, and the Gen-
eral Health Questiomaire (GHQ: Goldoerg and Williams, 1988). Support for
these separate patlmways to Morale and Health can be found in the work of Hart
(1994) showing that morale and psychological distress are separate cutcomes
of positive and negative work experiences. Support for the mediating role of
psycdhological health can ke fourd in the work of Oliver et al. (2002) who exam-
ined the relationships between individual psychological, work ervirament, and
organizational variables and occupational accidents using SEM. They found
that the individual level variables, including safe behaviour ard general health,
mediated the ef fects of the organizatiaml variables an accidents. Stress, in
pertiailar, wes an important mediator of both orgenizational and erviramental
variables.

The patlway fran Morale to Turnover was based on well-replicated orgeniza-
tional research demonstrating a strong inverse relationship between conmit-
ment ard jdo satisfaction, on the ae hard, arnd tumover intentians an the other
(Hilin, 1991) . All three latent oonstructs — Clinaete, Morale, and Health - were
expected to amtrilute to the variance in self-reported ervors. Fran a theoretical
point of view, the role of timmover intentians ard its relatianship with errors was
ot very clear . Reflecting the exploratory nature of sare aspects of this study,
arnd bearing in mind its expected relationship with Morale, Tumover is shown as

Method

Participants

A total of 240 maintenance engineers (232 males) working at the two main
heliagpter repair bases for the Australian Army responded to the survey, raore-
senting a respanse rate of over 90%. Supervisors, inspectors, and higher-level
menagers also were surveyed but their responses will not be aonsidered here.
The survey was targeted primerily at tradespersons (79%) ard trainees (21%) .
The average age of the respondents was 28.5 years and most respondents
(84%) had been working as a maintenance engineer or a trainee engineer for at
least ae year.

Materials

In mary instances, scales were already available to measure particular con-
structs of interest to this study but the aporoach taken here was that the ques-
tiamaire should ke tailored to a maintenance context. Accordingly, although
individual items may be the same as those used by other researchers, each of
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the scales was developed for the purpose of this study.The questicmaire com-
menced with a series of 12 danographic questions relating to age, training,
years of service, ard partiailar area of expertise (e.g., avianics) . Unless other-
wise indicated, the remaining questions in the survey employed a five-point
Likert scale format where 1 indicated strong disagreement ard 5 strong agree-
ment. Sore items were reverse-scored to encourage respondents to read each
question carefully. Scales were formed aon the basis of the factor analysis and
average saores dotained by dividing total scores by the runder of itemns in the
scale. The scales are described below.

A. Safety Climate

1. Recoonition for doing good work (5 items) . Sanple item: In this jdb, pecple

are rewarded according to performance.

2. Safety focus of the organization (5 itams). Sanple item: This unit regerds

safety as a mejor factor in achieving its goals.

3. Supervision standards (6 items). Sanple item: My immrediate supervisor

really understards the maintenance task.

4. Feedoack on work performence (7 items) . Sample item: The quality of cur

work is rated or evaluated frequently.

5. Training standards and appropriateness (5 itans) . Sanple item: My train-

ing and experience have prepared me well for the duties of my current jdb.
B. Morale

6. Jdb satisfaction (7 itams). Sample item: I like maintenance work.

7. Camitment to the orgenization (7 items). Sample item: I am proud to tell

others that T ampert of this wnit.

8. Sense of persawl responsibility (5 items). Sanple item: Whether or not

my jdo gets doe is clearly up to me.
C. Psychological Health
9. Exposure to workplace stressors (10 items). Sample item: I get arxicus
vhen I work to strict deadlines.

10. Fatigue (5 items). Sanple item: My overall sleep quality is extreamely
pcor.

11. Psydological Health. The adoreviated, 12-item form of the General Health
Questiommaire (GHQ: Goldberg and Williams, 1988) was used. The GHQ
explores four agpects of psychological health: somatic synptans; arxi-
ety ard insamia; social dysfinction; and severe depression. High scores
indicate poor psydological health.

D. Outcome Variables

12. Tumover intentions (1 item) . Respondents were required to indicate ane
of three options: whether they intended to keep working in the mainte-
nance industry (scored 1), whether they were uncertain (2), or whether
they were resolved to leave the industry (3) .

13. Maintenance errors (5 items). Sanple item: I meke errors in my jdo fram
time to time.

E. Affectivity
Positive (PA) and negptive af fectivity (NB) were measured using the Positive
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and Negative Af fectivity Schedile (PANAS: Watsm, Clark, & Tellegen, 1988).
The schedule amsists of 10 positive and 10 negative adjectives that respon-
dents rate a a 5-point Likert scale, in tems of how they have felt over the last
six weeks. High scores an each scale dencte higher levels of af fetivity . Watson
et al. (1988) reported intenal amsistancy relidbilities for PA and NA of .87 ad
.88 respectively. Eidght week test-retest relidbilities were .68 for PA ard .71 far
NA.

Procedure

The survey was sponsored by Army Aviation Headquarters ard survey forms
were included in the pay ervelopes of all maintenance persamel along with a
aovering letter explaining the purposes of the survey .To ensure anonymity, self-
addressed ervelopes were included so that the forms could be returmed divectly
to the imvestigator.At the copletion of the study, feedoack sessions on the
main findings of the study were conducted by the irwvestigator and a research
assistant.

Results

After initial data screening with SPSS (version 11.0.1) to check for acauracy
of data entry, the first stage of the aalysis irvolved the reduction of the 112
items comprising MES to a menageable set of underlying factors. The mexi-
mum likelihood method of exploratory factor analysis (EFA) with doligue rota-
tiom was used for this pupose. Thirty-two of the 112 items came from well-
validated scales (e.g., PANAS and GHQ) and a further 12 items were concerned
with demographic data, so these were not subjected to factor aralysis. The
remaining 68 items were developed or adapted for the purposes of the present
study and formed too large a block to factor amalyze similtanecusly .Accord-
irgly, a strategy was adopted wherein groups of items that were intended to
measure a particular amstruct (Climete, Morale, or Health) were factor ana-
lyzed separately. Where there was evidence of unidimensionality and where
reliability analysis suggested that a scale fomed from the itams had good inter-
el amsistecy (Cratach’s alpha), the amstruct was retained for further analy-
dis.

As a result of these amalyses, six itams ard the Regpsibility scale (5
items) were discarded. All rampining scales, exaept for the error scale, had
satisfactory reliability estimates with algha estimetes above .70. The low reli-
ability of the error scale (.60) was of aoncem it was still adequate for research
purposes (Numally & Bernstein, 1994) . Means, standard deviations, and reli-
ability estimates for the scales are shown in Table 1 to provide background
information about sanple characteristics.
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Table 1
Summary Statistics for MES Scales (N = 240)

Sale Nrter of Tters MEn D Ags
Recognition 5 2.60 .73 .8l
Safety Focus 3 3.81 &3 .76
Supervision 6 3.46 61 R
Feedback 7 2.99 48 72
Training 4 3.49 (o) .76
Satisfaction 7 3.38 59 86
Orgcommit 7 3.08 o) .86
Stress 10 3.08 49 .77
GHQ 12 1.88 45 .89
Fatigue 4 2.56 e} V)
PA 10 3.03 ) W91
NA 10 1.61 57 .84
Turnover 1 1.53 7
Errors 3 3.33 al 60

[Vote . Reliability could not be estimeted for the Ttmmover scale

The third colum in Table 1 shows the average rating of all respadents an a
scale ranging from 1 to 5 (exoept for the G, where soores rarnges from 0 to 4) .
Scores for meny scales were reflected so that - with the exception of Stress,
Fatigue, GHQ, Turmover, NB, ard Errors - a hich score is desirable. We can see
fram these statistics that this sanple could be described as having a high oon-
cem for safety; as being well-sugported, well-trained, and well-supervised; as
being satisfied with their jdos but desircus of more recognition; as having mod-
erate levels of fatige, lov levels of necptive af fettivity, and as being prepared to
adnit to meking jdo-related errors. These statistics are in kesping with a mili-
tary maintenance organization most of whose members, at the time of the sur-
vey, were engaged in normal work schedules in peacetime conditions. Another
feature of these data is that the standard deviatians indicate a reasadble spresd
of scores an all variables, suggesting that there were individuals in the data set
who could not be characterized by the above description. This variation in re-
gpanse pattems forms the basis for the amalysis of relations among all vardi-
ables, leading ultinetely to the test of a structiral model that links the variables
in a causal network. The correlations will be examined first; they are shown in
Table 2.

Table 2
Correlations Among Variables (N=240)
Scales 1 2 3 4 5 6 7 8 9 10 11 12 13

1. Recognition 1.00
2. Safety Focus 31 Note . Gorrelatians above .15
3. Supervision 27 30 are significant at .01 leel
4. Feedback 44 28 .39
5. Training 42 .37 38 43
6. Satisfaction 36 .23 21 .18 44
7. Orgcommit 45 .34 38 .30 42 48
8. Stress -33-17-.15-23-29-20-.18
9. GHQ -35-21-.18 -38 -41 -35-27 .44

10. Fatigue -.14-.04 -07 -.14 -.17 -.11 -.09 .14 .20

11. PA 36 .23 .26 34 42 .51 48-27-51-.19

12. NA -22-10-23-22-20-.17 -.14 42 .70 .15-23

13. Turnover -24-.07 .00-.09 -.14 -.30 -33 .13 .20 .07 -22 .15

14. Errors -16-.12-.09 -.13 -.19 -.07 -.10 .48 .31 -.05-.15 .25 .04
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The main dependent variable, Errors, is shown on the bottom line. Tt can be
seen that five of the indepandent variables were significantly correlated (p < .01)
with Frrars. The highest correlation was with Stress, which on its own acoounted
far 23% of the variance in self-reported eryars. Other vardables with significant (p
< .01) associations included G (r = .31), MA (r = .25), Training (r = -.19), ad
Recognition (r=-.16).

Modelling the Interactions Among Organizational and Individual Variables and
Errors

The main aim of the present study was to build a model that captures the
mejor sources of variance in maintenance errors. Before attenpting this step,
however, it was first necessary to deal with the potantial criticism that doserved
relations among the climate measures in Teble 2 could sinply ke reflecting
biases that are inherent in self-report measures (Darma & Griffin, 1999; James
& James, 1989) . There are mary ways to deal with method variance, none of
them completely ef fective. NA and PA are often used as direct measures of a
tendency to respad in a positive or a negative way to self-report items. The
influence of these variables can then be ravoved statistically, leavirg the pertial
aorrelations relatively free of method variance. This tedmique has its drawbacks
(see Podsakoff, Mackenzie, Iee, & Podsakoff, 2003 for a review), the main
criticiam relating to the fact thet NA and PA capture more than method variance
ard that partialling aut their influence may lead to sericus underestimetians of
the strength of relations among variables. However, dojections about method
variance can be overcare if it can be shown that substantial variance still re-
mains after NA and PA have been aontrolled using hierarchical regression analy-
ges. That was the case in the present study: NA and PA accomnted for a signifi-
cant 6% of the variance in errors when they were entered as the first step ina
hierarchical regression analysis. However, as will som be demanstrated, this
represented a gmall part of the overall variance captured by the structiral model .
Furthermore, when all variables were entered in the regression equation, the
axtribation of PA and NA was not significant, suggesting that method variance
was not a prablem.

Structural equation modelling (SEM), using Version 4.0 of Arbuckle’ s (1999)
AMOS program, was then employed to test the hypothesized model of the
relations among the MES variables. Because of the unfavourable ratio of free
parameters to cases, a partially aggregated model (Grilbons & Hocevar, 1998)
was used wherein subscales based on the EFA represented the variaus first-
order amstructs in the conogptual model. The dhoice of fit indices in SEM is
often a controversial matter. In this stdy, three indices of model fit were used.
Tre first irndex was the ratio of ¢® to degrees of freedom where Kline (1998)
prapcosed that a ratio of less than three is acosptable. One incremental fit index
was used; the carparative fit index (CFI: Bentler, 1990), which is amsidered to
e reasanably rdoust against violations of assumptians and where a value above
.90 was amsidered to indicate satisfactory fit. The third index used wes the root
mean square error of approximation (RMSEA: Steiger, 1990), which indicates
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the mean discrepancy between the doserved covariances and those implied by
the model per degree of freedom, and therefore has the advantage of being
sensitive to model complexity.A value of .05 or lower indicates a good fit ard
values up to .08 indicate an acosptable fit (Kline, 1998) .

A test of the full structural model shown in Figure 1 (with Responsibility
removed) yielded acceptable fit indices (QMIN/DF = 1.85; CFI = .93; RMSEA =
.06) . The model predicted 47% of the varience in (psychological) Health, 65% of
the variance in Morale, 27% of the variance in Turnover, ard 39% of the variance
in Frrors. However, nae of the direct paths fran Clinete, Turmover, and Morale
to Errors were significant. Following a strategy of deleting each of these path-
ways in tum ard using the Chi Square difference test to note the effect o fit
indices, it was fourd that the anly the last of these three patlways (Morale to
Errors) was needed to maintain good fit.

Given the exploratory nature of this research, modification indices were in-
spected to check the possibility that other theoretically justifiable changes may
inprove the model . The anly noteworthy suggestion irvolved the fitting of a path-
way fram Fatigue to Errors. In other words, Fatigue shared variance with Errors
that was ot captured by the latatt trait, Health. Rrther investicgtion of this pert
of the measurement model showed that although Fatigue loaded on Health, the
leading wes not strag ard there was justification for redefining it as a stard-
alane variable. This change had a flow-on effect and several other patlmways in
this part of the model were revised. The firal model, with parameter estimates,
is shown in Figure 2. This model fitted the data (QMIN/DF = 1.68; CFI = .95;
RMSEA = .05) and all patlways were significant.

! .48 ! .42
‘ GHQ ‘

Stress

.43
Recognitio:

.24

.65 ‘

.45

Figure 2. Final model depicting interactions among Climete, Morale, Strain,
Fatige, Turmover, ard Errors
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For readers not familiar with SEM diagrams, the model can be interpreted as
follows. Climete is a latent varidble, measured by five different scales. The ar-
rows (patlways) branching from Climate to Health, Fatigue, Turnover, and Mo-
rale irdicate that Climate is hypothesized as influencing these other four vari-
ables. The figures on each of the patlways are standardized path coefficients,
which can vary between plus and minus cne. A hich positive value for a path
acefficiat indicates that increases in the vardable at the start of the path are
associated with increases in the variable at the end. A high necative coef ficiat
indicates that increases in the first variable are associated with decreases in
the second. A coef ficient close to zero indicates that the two variables are not
related ard that there is no justification for having a patlway linking them.

To 11lustrate firther, Health is measured by two variables, Stress and GI.
The patlway fran Clinmete to Health has a coefficient of -.67, indicating that
better psycdhological climete leads to better psydhological health (because of
the way in which the markers were scored, a low score on Health was desir-
able) . Climate has another patlway leading to Fatigue. The negative coefficient
(-.21) indicates that as Climete improves, Fatigue decreases. A third patlway
fran Climate leads to Turmover. In this case, the positive coef ficiat (.45) does
not meke sense from a theoretical viewpoint because there is no reason wiy a
more favorable climate would lead to higher jdb turmover .A deck of the aorrela-
tions between the individual climate measures and Turmover (Table 2) shows
that the true relationship is negative: indicating higher jdo turmover when the
climate is poor . Reversals of sign in path coef ficients can ocour when predictors
of a dependent variable are themselves correlated. In the present case, both
Morale and Climate are used to predict Turmover and these two predictors are
highly correlated. Delete the patlmay fram Morale to Turmover and the coeffi-
cient for the patlway linking Climate and Turmover switches to a neggtive sign,
as ane would expect on a theoretical basis. The final patlway fram Climate is
that leading to Morale ard it can be seen that there is a strag positive agsocia-
tion between these varidbles (B = .82). Morale, in tum, has a strog necgative
relatiaship (B = -.82) with Turnover . In other wards, the better the norale, the
less likelihood there is that workers will think about leaving the orcpnization.

There are three patlmways leading to Errors. The first of these is from Morale
B = .28). Aopin, the direction of the relatianship is not in the expected direction
because of the presence of correlations among the predictor set. Deleting the
patimway fran Strain to Errors results in the patlmway fram Morale to Errors switch-
ing to its true necptive sign, indicating that hich morale is indeed associated
with lower error rates, as ane would expect an an a priofi kasis. The major
predictor of Errors in this model is Health which, when tested an its omn in a
reduced model (not shown here), captured 30% of the variance.

The main features of the model are the inpressive R? values for all depardent

variables. Safety Climate accounted for 44% of the variance in Health, 67% of
the variance in Morale, ard a small 4% of the variance in Fatigue. Together with
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Morale, it also accomted for 27% of the variance in jdb tummover intentians.
Together, these variables acoounted for 45% of the variaence in self-reported
errors. The demonstration that safety climate measures can be modeled using
the hierarchical arrangament shown in Figure 1 sugports other researchers who
have argued for a hierarchical model of climate (e.g., James & James, 1989;
Parker et al., 2003).

Discussion

The Maintenance Eviromment Survey (MES) provided two sorts of data: de-
scriptive data and data pertaining to relations among variables thought to be
important in maintenance. Both types of data have proved valueble in this quest
to uncover precursors to meintenance errors. The descriptive data, collected
fran 240 respondents, paints a picture of overall satisfaction with meryy aspects
of the workplace. There was strag supgport for the level of training ard the
quality of supervisian, two areas that were often criticised during the interviews.
Thus, the survey proved a useful counterbalance to sare inpressions acquired

At the survey level, MES captured sare of the mejor factors relating to work
performence. The model (shown in Figure 2) helps to explain seamingly conflict-
ing findings emerging from the aralysis of the incident database ard the inter-
view data. As mentioned before, the incident reports tended to put the spotlight
o himen error as the cause of incidents. This is not a surprising cutcore;
Shappell and Wiegmarn (1997) noted that such reporting systems generally
foaus o identifying “humen failures without regerd for why the failures occarred”
(p. 270) . Figure 2 shows that the causal path is as follows: orgpnizatiawl fac-
tors influence individuals, who in tum meke the errors. The SEM approach has
helped to demmstrate the rature of this link. These findings supgported the
claims of other researchers who point to the influence that social and orgeniza-
tia\l factors have an humen error (e.g., Patankar, 2002; Reasan, 1990; Sutclif &
& Rugg, 1998) . The present study extended these findings by demonstrating
that these linkages are primarily indirect, mediated by individual differences in
psychological health and morale.

Implications for Maintenance Work

Reason (1997) likened the practice of surveying the safety climate of organi-
zatians as akin to assessing their safety health. This is a very apt description
because it is precisely what is inplied by the model presented in this paper.
W arkers’ perceptions of such things as management’ s comitment to safety,
aporaoriateness of training, availability of resources, ard possibly mery other
variables not measured here, do have links with safety outcores. Whether the
perosptians are justified is irrelevant because the effect of the perogptians is felt
o morale and psydological health whether there is justification for the percep-
tians or not. The model also shows that if morale is affected, workers think
about leaving the organization, hardly a desirable cutcore given the time and
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mney already invested in that worker and the time and money that will be
expendad in recruitment and further training. The denonstration of indivect links
between climate ard errors (via psychological health end morale) suggests that
the mere presence of unfavourable perosptians of orgenizaticnal factors is not
sufficient in itself to lead to ervors. Uhfavoureble arcanizatiasl aaditians place
pressure an the individual and when the individual begins to sucaurb to these
pressures, errors begin to occur.

The implications are that we should measure both psychological climate and
individual health and morale variables an a regular kesis to ensure thet there are
no prablans of this kind developing. Similar suggestions have already been
mede in relation to the value of attitudinal surveys in the maintensnce erviron-
ment. Barenzini and colleagues described a new training, evaluation, and re-
search tool called The Alrcraft Maintenance Attitude Survey (AMAS). The AMAS
can be used to improve training effectiveness by focusing on safety relevant
characteristics of teams and can also help safety goals by monitoring aware-
ness of humen factors variables that are related to safety (Barenzini, Bacchi, &
Cacciabue, 2001). The UK Civil Aviation Authority is prawting a similar ap-
proach through its Safety Health of Maintenance Engineers (SHAVEO tool; (2A,
2003) . A df ferent questiamaire has been used in the present study but the
findings provide a strag erpirical basis for the use of such surveys. Cox and
Cheyne (2000) encouraged the reporting of data gained from such surveys as
radar plots. Graphic devices such as star plots can help to monitor the safety
climate of the orgenization and the psydwological health of the individials. They
will be especially useful if benchmark comparisons within and across orgeniza-
tions becore possible (Mearns, Whitaker, & Flin, 2001) .

Limitations of Study

In closing, it is important to recognize the methodological shortoamings of
the approach followed in this study . The most evident weakness is the use of a
cross-sectional methodology, the weaknesses of which in determining causal-
ity are well docurented. The use of self-report measures for all variables also is
prablematic. James and James (1989) raised the possibility that predisposi-
tias in affect influence both the geeral climate factar ad the fivst-arder cli-
mate factors. In other words, affect could be respansible for the camoality
doserved among climate measures and also responsible for the correlations
between climate and performence. One of the strengths of the present study is
thet it used PA and NA to capture this type of method variance and, in so doing,
demmnstrated that substantial correlations exist among all variables even when
PA and NA are partialled art.

Irother criticism of self-report measures is that they may not correlate with
dojective measures of performence. In the present oontext, this criticism would
translate into the claim that self-reported ervors may not correspad with actual
errors in the workplace. This criticism can best be addressed by pointing to
various studies that have demmnstrated a correlation between safety climate
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measures and dojective indicators of safety performence (Donald & Canter, 19%;
Hofmann & Stetzer, 1996; Zohar, 1980, 2000) . Theoretical accounts of the links
between attitudes, intentions, and behavior, such as that provided by the Theory
of Plamed Behavior (Ajzen, 1991), also stragly support the use of self-report
measures in safety research (e.g., Fogarty & Shaw, 2003).

A further limitation is that the model tested in the aurrent research program
has been fitted to data collected in a military envirament. Maintenance engi-
neers working in this setting face sare challenges (e.g., demerds of military
duties) that are not faced by those working in comercial settings. The aon-
verse also holds true. The model therefore needs to ke tested in different oroani-
zatianal settings. Furthermore, as Fahlbruch and Wilpert (1999) pointed cut,
with the growing trend towards cutsourcing of safety units, it may becare nec-
essary to extad the safety climete section of the model to include inter-oroeni-
zatianal factors. There is no dodot that these factors are becaning inportant
omsiderations in the aviation industry where key tasks like maintenance are
row rouatinely coducted by third perties. This is true of military as well as

To caclude, whilst the FAA understards the inplications of the tension that
exists between increasing darerds for air travel and the economic ard logisti-
cal foroes that put pressure an vital finctions such as aviation meintenance,
increasing the efficiency of maintenance work is just ane approach to the prao-
lem. Attearpts to increase the ef ficiency of maintenance work need to consider
the dynamics of the work enviromment as they are perceived and experienced
by the maintainers themselves. The model reported in this study represents a
mathematical aporoach to capturing and quantifying these dynamics. The model
may lack the compelling concreteness of Reason’s (1990) famous Swiss cheese
mocel, bt it has the potential to be just as effective in quiding practical interven-
tions designed to inprove safety.The model containg branches to other organi-
zational cutcores, such as morale and turmover intentions, which undoubtedly
affect the overall efficiency of the orggnization. Methodologies of the kind out-
lined in this study can provide an erpirical basis for directing and evaluating
interventions aimed at inproving aviation safety.
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Abstract

This study investigated the relationship between task demand and
the occurrence of error in an experimental simulation, which repre-
sented dynamic En-Route air traffic control. Participants were trained
to baseline performance in the air-traffic-control task and then were
presented with a series of 12 challenging but realistic scenarios.
These scenarios were scripted to create two cycles of three levels
of task demand as represented by traffic count. Conflict opportuni-
ties were scripted into each level of traffic count of six conflicts per
scenario. Errors of omission were found to be equally likely when
traffic count decreased from a peak as during a peak itself. This
empirical finding was consistent with real-world experiences as
reported in testimonial accounts by professional air traffic control-
lers. Given the restricted number of participants and their relative
inexperience, we consider the present work to be an initial window
into a highly complex issue. Our present findings have implica-
tions for ab initio training of air traffic controllers and also relate to
performance in all operational domains, which demand flawless
response from process control agents.
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Introductian

The evolving complexity of human-machine systems has served to increase
the damards placed upn its geerator’s limited capacity to process information
(see Rochester & Komos, 1976; Smolensky & Stein, 1998). The fluctuating
profile of task demard posed in dynamic erviraments can be expected to elicit
a gpectrum of behavioral, subjective, and physiological responses, which oon-
tribute to ogperator workload and perfomence (see Hanaodk, 1997; Meltan, 1982) .
The increasing trend toward ever more corplex technologies, which tax the
humen information processing system, mekes it crucial to develop a thorough
uderstanding of the relationship between task damernd, the operator’s respanse
to that demend, ard the subsequent cutcome reflected in the an-going level of
performance ef ficiary . The present study investicated these relationships through
the specific and chosen use of a similated air traf fic axtrol ATC) envirorment,
which permitted the careful quantitative menipulation of task darerd level through
axtrol of the runber of aircraft to be mnitared. Since air traffic cotrol repre-
sents a dyramic process in which there are explicitly defined cperatiamal ervors
(Greene, Muir, James, Gradwell & Greene, 1997; Hancock, 1997; Hopkin, 1995;
Metzger & Parasuramen, 2001), it offers the ogportunity to collect a wealth of
respanse data meking it an ideal setting for the enpirical investication of task
demand and cognitive workload in a success-critical envirament.

One of the significant and continuing prablems in humen performence as-
sessment concerns the meaning of the term workload. Some researchers use
the term workload to represent dojective characteristics of extermally based
tasks, while others use the same term to represent the subjective experience of
the individual placed in that envirament (cf., Hanoock & Meshkati, 1988; Stager
& Hameluck, 1990; Stager, Haeludk & Jublis, 1989). It is evidet that this
usage as a property of both the goerator ard the gperator’ s envirament has led
to a debilitating confusion. We here distinguish between workload as task de-
merd (the extermal properties of the task independent of ary individual) ard the
ocerator’s respanse to that task demend, which is assuredly contingent upon
the capabilities and skills of the individial so exposed. We suggest that the
amstruct of workload is kest defined as a subjective subset of an individual’s
regpanse to task demard, being closely aligned with the notion of adaptation
advanced by Hancock and Warm (1989) . Given our representation of workload
as a respnse of the exposed individual, we defire task demand as a property of
the awiramat itself. Clearly, in this division, the qoeratar ‘s workload response
is oontingent upon his or her appraisal of ary inmmediate envirament as pre-
senting a task in the first place. Where such agoraisal does not result in the
perception of an immediate task to be resolved, no associated workload is ex-
perienced (Hancock & Chignell, 1988). Often this gpecification of a task isa
result of a third-party arbiter wo dictates exactly what thet fask is (Smith &
Hancock, 1995) . In this present experiment, we, the experimental team, im-
posed the tagk. In the real world, tasks arise fram a nyriad of necessities. Tn
ATC, the aortrollers’ task derives from the ultimate need to provide safe and
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In a oconstantly changing task envirvament, there are often marty different
sources of infomstion. This profile of information is rarely exactly repeated ard
for each situation is arguably unique (Hanoock, Flach, Caird & Vicente, 1995;
Hancock & Meshkati, 1988). Task demard is crucially dependent on the type
ard amount of task-relevent informetion presented, and informetion chenges the
operator ‘s behavior. We illustrate this by examining the task demard in simi-
lated air traffic aontrol where gperators seek to maintain at least the minimum
lecgl separation between aircraft (see Smith, Scallen, Knecht & Hancodk, 1998) .
The level of task darerd is a carplex function of not anly the assimilation and
evaluation of task-relevant information, but also of the nesd to execute a runoer
of cognitive and physical behaviors. The cognitive behaviors include recognizing
sources of information on both analog and alpharuneric displays and deciding
to intervene (or not) by issuing comerds to the pilot (Smith & Murply, 2000;
Smolensky & Stein, 1998) . The physical behaviors include monitoring the dis-
play, verally issuing comerds to the pilot, handing of £ aircraft to adjacat
sectors, ard orgenizing flight strips (Hoodkdn, 1995). Sources of task-relevant
infometion include display synols for aircraft, their vectors ard intent, flight
strip idarifiers far aircraft ad their flignt-plans, ard verkal and written input fram
traffic menagement coordinators, from the national weather service, fram adja-
cent sector amtrollers, and from pilots themselves (Smith & Mafera, 2000) . In
oxr similation-experiment, all sources of information other then traffic comt
were held aonstant. The independent variable in the experimental scenarios -
the increasing, pesking, and decreasing of traffic cout - wes therefore the anly
menipulation of task demend in our study.

We define response to task demand as the ensenble of mental actions,
overt behaviors, and physiological responses that follow fram the gperator’s in-
teraction with his ar her task ewirament in ader to fulfill the goal of the task
(Hancock & Desmond, 2001; Melton, McKenzie, Polis, Hoffmen, & Saldivar,
1973; Melton, McKenzie, Polis, Funkhouser & Lampietro, 1971; Thackray, Bailey,
& Touchstone, 1975; Wilson & Corlett, 1999). Both acceptable performence
ard error are part of the geerator s response to task demand. Another natural
measure is tagk-relevant camunication. (Carlson, 1982; Ghapenis, 1953; Hendy,
1998) Our measures, the occurrence of error and of task-relevant comumica-
tion, are overt behavioral indicators of the gperator’s regomse to the levels of
task demand posed by the experiment.

Task Demand and the Occurrence of Errors

Errors are the nenesis of process cantrol agents working in a system like air
traffic aotrol thet has a hich potatial for risk (Suith, Briggs, & Hanaodk, 1997).
Operational errors ocour whenever two aircraft under positive antrol violate each
other’s protected zane (a violation of the minimm separation) which is a com-
poud criterion of 5 miles lagitudinally and 1000 feset vertically (Rodgers & Nye,
1993) . These formal operational errors are distinguished fram the frue errors &
anission and/or of comission that necessarily precede them. Operatiocnal er-
rors are viewed not as errors per se but as the product of true error at sare

Task Demand and Error

93



94

earlier point in time. Sare true errors are errors of anission: the cotroller
failed to take action that would neintain separation. Other true errors are errors
of camissian: the controller instructed an aircraft to meke a meneuver that
directly led to an qperatiael error.

Several previcus studies have examined controllers’ subjective aporaisal of
workloed (light, moderate, or high) arnd the coorrence of qoeratianl ervors (Brad,
1964; Kinmney, Spalm & Amato, 1977; Redding, 1992; Rodgers & Nye, 1993;
Rodgers, Mogford, & Mogford, 1998; Schmidt, 1976; Stager et al., 1989; Stager
& Hameluck, 1990). A review of these relevant studies reveals two themes.
First, operatiawl errors tend to occour when traffic comt is low to noderate
(aporaxdimetely eight aircraft in the sector) . Secad, when amtrollers are asked
to subjectively rate traffic volure ard workload at the time of the cperatiamal
arar, they also ted to rate it as low to moderate.

It is ulear; however, whether these findings reflect (1) a decreased ten-
dency to meke operatiamal errors wder hich traffic coditians or (2) the lower
frequency of hich traf fic conditians in general (Bndsley & Rodgers, 1997) . Addi-
taslly, it is unclear fram these reports whether the true error (of anission or of
comission or a corbination of these two influences) occurred (B) in low and
moderate traffic caditians ar (B) earlier when the level of traffic was relatively
high. In either case, it mey have menifested as an goeratiawl error anly later
when traffic had decreased to a low or moderate level. This source of wnoertainty
in linking the spatio-temporal cocurrence in true error to reported operatiawl
errors is a major concern, which we have termed the phase delay dilemma .

The Phase Delay Dilemma

Phase-delayed errors are common in dynamic environments (Smith et al.,
1998) . In the ATC domain, the time lag between a true error and the cperaticnal
error poses a fundamental dilemma: How are we to know when the true error
actually occurred? For exanple, suppose an gperatianal ervor occurred during a
pesk in traffic cont. Did the tree errar also occarr during this pesk ar did it ccor
earlier as the level of traffic was increasing? Due to the phase delay dilamms,
previcus research into gperatiamal errors may not reveal the actual link between
true errors and gperatiarl errors and between true ervors ard task denerd. It is
therefore not reasaeble to aonclude that an operatiaal error is a function of a
particular level of traffic when the relatianship between the true errors ard the
level of task demerd still remeins uncertain.

Qur experiment was designed to address this inmpasse by scripting air traffic
scenarios that controlled for the phase delay dilenma and by dotaining behav-
ioral measures of performance and response to task demand. Our premise is
that systematically dernging traffic cont in realistic Fn Route air traffic sce-
narics result in systematic variations in task demerd. By creating two pesks of
traffic cont in a scerario, we cartrol for the potential omfoud of cperator
fatige. By incorparating anflict goportunities within each level of traffic cont,
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we also address the potential effects of phase-delayed operatianal errors and
meke it possible to distinguish between errors of cmission and errors of com-
mission.

Experimental Method

Experimental Participants

Three, ugper level, udergradiate students volunteered to act as the air traf-
fic antrollers over a six-wesk period. A secad trio of students acted as pseudo-
received 6 practice and 12 experimental scenarios over the six-week pericd.
Scenarios were counterbalanced using a selection from a Latin Square. Stu-
dents were used rather than professiaal air traffic aotrollers for two reasans.
First, the purpose of the study was to doserve ard docurent errors ard inexpe-
rienced participants are much more likely to meke errors than professicnals
are. Secad, recent natiamal security events have mede it extrenely difficult to
work with professiaal air traffic cotrollers (Hancocdk & Hart, 2002), althouch
we would have preferred to do so. We are fully aware that inexperienced partici-
pants are inclined to meke different errors than experienced participents (Rea-
san, 1990) . Therefore, our results mey generalize most to novices like those
udergoing b initio training. However, inmiticgation of such issues, at the present
stage we are nore concerned with contributing to basic empirical understand-
ing than with the immediate domain-specific application of such knowledge.

Experimental Task

The student-aotrollers were regpansible for maintaining the Federal Aviatio
Administration’s criterion for minimum separation between aircraft by issuing
appropriate verbal comands to the pseudo-pilots. Command options included
changing an airplane’s heading, altitude, and/or speed. Pseudo-pilots provided
verbal confirmetion of controller comrends and meneuvered their aircraft ac-
cordingly . Pseudo-pilots were trained alayg side the cotrollers arnd were in-
structed to camplete the controller’s comernds as quickly and as accurately
as possible. ZAralysis of scerario histories aonfimmed their accuwracies in re-
spanding, which leads us to conclude that this elarent of the simiation did not
influence subsequent results. During the two weeks of the practice session, the
students learmed how to use the experimental platform. They became adept at
moitoring dynamic traffic, at identifying and resolving potential goeratiawl er-
rors, and at giving and confimming verlbal comerds designed to maintain sepa-
ratiom. The criterion for baseline perfomence was resolutio of six scripted air-
craft anflicts in a 30-mirute practice sceario.

Experimental Platform

The experiments were run using the Distributed Air Tif fic Infometion Dis-
play Similator (DATIS), a full similation of an A RTAC sector aotroller ‘s work-
station (Klinge, Smith, & Hanoock, 1997) . The similator presents a representa-
tion of the composite radar screen, the corputer read-out display, ard the k-
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tans ard dials used to adjust the settings of the R-side ATC display and an
ustratiom of this similatio is shown in Fig 1.

er

DAL 322
251
647 430

BATL, 727
258

760 460

Figure 1. Tlustyation of the Distribiated Air Trf fic Information Display Similator
(DATTDS) .

Experimental Design

As shown in Figure 2, the experimental scenarios incorporate two blocks of
time, each acoitaining a cyclic pattem of traffic cont with three levels (5 min-
utes of increasing traffic, 5 minutes of pesk traffic, and 5 mirutes of decreasing
traffic) . The two 15-mirute blocks ard tlhree levels of traffic comt yield a 2x3
repeated measures design. The repeated blocks permit an assessment of the
potential anfourd of fatigue. Task demerd is goeratiaally defined as the aver-
ace traffic cont, being the average riner of aircraft visible an the cotroller’s
informetion digplay at each mitute. More specifically, in the fivst periad of five
mirutes of each blodk, the traffic comt cotinelly increased from three aircraft
to a pesk value of 16 aircraft. During the secad periad of five mimutes of each
blodk, the traffic comnt ramined at or near this pesk. In the third periad of five
mirutes of each blodk, the traffic comnt gradually decreased until it returmed to
the baselire of three aircraft. These criteria, of a minimm of three aircraft and a
meximum of 16 aircraft, were adopted based on actual dbservations of a
axtraller s typical sector load (Smith & Murphy, 2000) .

Controlling for Phase Delay
To meke errors of anission evident, two aircraft were scripted to create two
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distinct ggoortinities far an errar of anission in each of the six levels of traffic
cont. The two aircraft entered and exdted the informetion display during the
sae (five minte lay) level of traffic comt. If the student-acotroller todk 1o
action to meneuver these aircraft, then the resulting cperatiaml ervor could ke
attrihuted to an ervor of anission that cocarred during thet level of traffic and ot
in a prior level. This coitrol mekes it possible to know the rindoer of aircraft ard
the level of task demand when ard if errors of amission occurred. All other
alrcraft were scripted to be anflict-free. Therefare, if any other errors coorred
(at ary time) they could be attributed to an error of comission.

Dependent Measures

The primary performance measure was the rumber of operational errors due
to errors of amission or due to errors of comission occurring throughout the
experiment. The behavioral measure of response to task demand was the -
ber of comerds between controller and the pseudo-pilot.

/N

12

0 5 10 15 20 25 30

AVERAGE NUMBER OF AIRCRAFT VISIBLE
8

MINUTES IN SCENARIO

Figure 2. Tustration showing the scharatic desion of the experinental scenarios.

The horizontal axis is elapsed time in the soenario. The vertical axis is the
mirute-by-mirtute average rnber of aircraft visible an the aontroller’s informa-
tim display. Each scenario lasted 30 mirutes and presented two cycles of
traffic comt. Each cycle aotained three pericds of five-mimite-lag conditions
of traffic comt: increasing, peak, and decreasing. In each cycle the average
nunber of aircraft increased for a period of five mirutes fram a baseline of ap-
praximately three aircraft, ramained near a pesk level of aporaxdmately 16 air-
craft for five minutes, and then decreased for a periad of five minutes back to the
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kase level. Qpportunities for goeratianal errors due to errors of anission were
scripted into all six periods of five-minte-layg coditians of traffic cort.

Experimental Results

A repeated measures 2x3 (two blodks of tine by three levels of traffic comnt)
analysis of variance was used to analyze the error and commnication data.
The rumber of scenarios (12) acted as a proxy for rumber of participants in
arder to increase the statistical power of the test. Mauchly’s test of sghericity
was not significant for any of the amalyses ard thus sphericity was uniformly
assumed.

Errors of Omission

Figure 3 shows the total rurber of errors of 0mission faor eech level of traffic
cout (increasing, pesk, and decreasing) and both blocks of time. A 23 re-
peated measures ANOVA was conducted to determine the ef fet of traf ficlerl
ard block of time an the runber of goeratianal errors due to errors of auission.
The mein effect for traffic level wes fard tobe significant, F (2, 22)=10.73, p<.001.
A within-subjects eta®=.50 irdicates a medium effect size for traffic level. Post-
hoc pair-wise canparisons revealed no significant difference between the mean
munber of errors of anission in the peak and decreasing conditions. However,
Ioth the pesk and decreasing coditians were significantly different from the
increasing codition for both blocks of tinme, p<.05. It agpears thet the student-
axtrollers were just as likely notf to take corrective action to resolve potential
axnflicts after a pesk in traffic as they were drirng a pesk in traffic far both
blocks of time in the scenario.

Errors of Commission

Figure 4 shows the total munber of errors of commission far each level of
tef fic cont ard both blodks of time. A 2x3 repeated measures ANOVA was
coducted to determine the effect of traffic count (increasing, pesk, ard de-
creasing) and block of time an errors of commission. Traffic level was not ford
to ke significant. However, there was a significant dif ference for blodks of time,
F @, 11)=7.86, p<.0l. The within-subjects eta? = .42 irdicates a medium ef fat
size. While many more errors of conmission were made in the second block
then in the fivst blodk, the totals are low it ravein significant. Errors of can-
mission were relatively rare. They occurred when student-aontrollers issued in-
appropriate comends that caused an operational error between aircraft that
otherwise would have remained separated. These results suggest that the stu-
dent-ocontrollers experienced sare amount of fatigue or vigilance decrement
(Mackworth, 1948; Mackworth, 1957; Hancock, 1984) or both.
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Figure 3. Total runber of geeratianal errors due to errors of 0MISSion
oollapsed across scenarios and conditions.
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Figure 4. Total ruber of gperaticwl errors due to errars of commission
oollapsed across scenarios and coditians. The vertical scale is the sane as in

Figure 3 to facilitate conparism.
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Figure 5. Percentage of errors of commission per command to maneuver
aircraft issued by participents collapsed across scenarios and conditions.

Controller Communication

Figure 5 shows the percentage of errors of conmission per comend to
aircraft issued by the student-aatrollers for each level of traffic cont ard both
blocks of time. A 2x3 repeated measures ANOVA was conducted to determine
the effect of traffic level and block of time an the camunication. The interaction
between the three levels of traffic ard the two blodks of time was significant,
F (2, 22)=8.29, p<.002. The within-subjects eta? = .43 indicates a mediun effect
size. The interaction suggests that the relationship between comumication
and errors of comission is such that more errors of comission are commit-
ted per commend during the second block of time. This may be due to fatigue,
diminished attention capacity, arboh.

Correlations

A correlation analysis was conducted to detect emergent relationships be-
tween the dependent and independent variables. The amalysis, shown in Table
1, fourd significant positive correlatians between two of the three dependent
variables, ervors of anission and commication, and the experimental treat-
mert, level of traffic count. These results indicate thet the menipulation of traffic
count had an ef fect an participant behavior . Both types of error were faurd to
correlate significantly with commication. The correlation between communi-
cation and errors of comissian was positive. This result suggests that errors of
camission tended to occur during pericds when the student-controllers’ re-
spanse to task demerd was relatively high. Tn contrast, the correlation between
camnication and errors of anission was negative. This result suggests that
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inadvertent goeratiaml errors tended to ooaur when the student-oontrollers’ re-
sponse to task demand was relatively low.

Table 1
Correlations between the three dependent variables - errors of omission, errors

of commission, and communication — and the main dependent variable, traffic
count.

Omission Commission Communication Traffic
Omission 1.00 0.03 -014° 021"
Commission 1.00 022 -0.06
Communication 1.00 013"
Traffic 1.00

* Correlation is significant at the .05 level (2-tailed)
== Correlation is signhificant at the .01 level (2-tailed)

Discussion

The purpose of this study was to develop an understanding of the relation-
ships between task demand, the ogperator’s behavioral response to that de-
mend, and the occurrence of errors of amnission and of commission in a simu-
lated ATC enviromment. The data suggest that errors of anission are equally
likely to ocour after a pesk in task demerd as during that peak and are associ-
ated with relatively low levels of respanse to task damerd. Errors of comission
are more likely to occur when response to task demarnd is umsually high and
time-an-task has mece it likely that fatigue has set in. Tn short, this type of errar
is sensitive to fatigue, to the level of task darerd, and to the goerator’s behav-
ioral respanse to that task demend. Previous irvestigations of task demard,
respanse to task damernd, and the occurrence of errors in the ATC domain (e.g.,
Kimey et al., 1977; Stager, Hameluck, & Jublis, 1989; Stager & Hameluck,
1990) has focused an workload, the operator’s subjective response to task de-
merd. Using archival data, they reported that goeratiaal errors were nore likely
to occur when workload was said to be moderate to low. Since the data were
archival, these studies failed to acmtrol for the phase delay dilemm, the time
lag between the operatianal error ard the error of cmission or camission that
necessarily preceded them.

Errors of Omission

The total rumber of errors of amission across conditions shown in Figure 3
revealed that cperatiael errors due to errors of anission were equally likely to
ocaur after a pesk in traffic as during a peak. This finding was aansistent with
anecdotal evidence reported by professiaal air traffic cotrollers. Most aotrol -
lers freely admit that goeratiawl errors occour nost often an the kackside of a
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pesk in traffic. Unlike previcus archival studies investigating gperatiael errors,
the arret study scripted the similated traffic somerios to cottrol for traffic
phase-delay. Consequently, the arrent study contributed a new finding: cpera-
tianl errors ocarr equally as often an the backside of the pesk in traffic as they
do during the peak. These results were fourd for both blocks of time, begiming
of scarario (first 15 min) ad ed of scenario (last 15 min), suggesting that
oeeratianl errors due to errors of anission are more likely a function of task
daverd then of fatigue. If the effect were due to fatigue following hich traffic
levels, then significantly more errors would have ocourred at the end of the
scenarios, which was not the case. These findings suggested that the decrease
of task demerd after a pesk is just as taxing on inexperienced participants as
the pesk itself. These participeants were expending relatively hich levels of effort
as they made errors of omission. Operational errors due to amission were not
often a result of the inexperienced participent dragoing his or her guard.

The correlation between errors of anission and comunication was negative
in this experiment, see Table 1. Our inexperienced participants issued inappro-
priate comerds to aircraft while missing critical cues about impending oon-
flicts. Tt appesrs that the goeratiavl errars de to errars of amssion in this
experiment may reflect our participants’ relative ladk of gdll. Accordingly, these
present results may generalize anly to inexperienced students in Collegiate
Training nitiarive institutians thet are begiming their training to becare air traf-
fic aatrollers. Whether such results generalize to actual cperatians or other
operations in other process control domains requires further empirical evalua-
da

Errors of Commission

The ruber of errors of commission steadily increased as scenarios pro-
gressed, see Figure 4. This result suggested that goeratiawl errors due to
errors of comission are nore a function of fatigue than of the cyclic menipula-
tion of task damerd. Additicwl evidence of a fatigue ef fect was foud in the
statistically significant pattem of the errors of camission per camend, shown
in Figure 5. These findings were congruent with the vigilance literature, which
reported that the frequency of correct detectians tends to decrease after 20
minutes on watch (e.g., Hancock & Warm, 1989; Mackworth, 1948; Mackworth,
1957; Parasuramen, 1986; Warm, 1984). This deterioration in performence is
traditiaally termed the “igilance decrarent.”

Limitations of the Study and Future Directions

The correlation data in Table 1 show that the cyclic menipulation of traf fio
was positively correlated with two of the dependent measures, comumication
ard errors of anission. An amalysis of variance foud that the fluctuation of task
demand had an effect on the participants’ responses to task demend. These
results suggested that this study had high intermal validity . However, there are
two significant thwests to the exterral validity of this stoudy . The first is reture ad
the gmall size of aur sample — three participants, all of whom were wdergradu-
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ate psychology students. However, these students were trained ard partici-
pated in the study for over six weeks (two weeks of the practice session and
four weeks of the experimental session) . Therefore, the results may generalize
primerily to inexperienced trainees strivirng to ke air traffic aatrollers. Funre
studies should of course address a larger group of participents fram a pool that
is more representative of trainees. That said, it must e noted that Federal ard
i regulations meke it extrenely dif ficult to gain access to these FAA tain-
ees. Bvanmmually if the work is to exert a strag practical inpact, it might be
replicated ard extended with full-tine professianl antrollers. The secad threat
is axstruct validity. In debrief sessians noe of the student-controllers men-
tiaed the cyclic pattem of task darerd ard the relatively regular oocourrence of
the scripted anflicts. Nevertheless, it is possible thet they were inplicitly aware
of them, made tacit hypotheses about them, and responded to those hypoth-
eses. Construct validity may be inproved by comnterialancing the order of the
presentation of caditians (e.g. fram {increase, pesk, decrease} to {pezk, de-
Crease, increase} etc.), and by adding aontrol coditions with uniform levels of
task demend in order to get baselines of performence (see Hancock, Williams,
Mamning, & Miyake, 1995) .

Tre mejor firding in this study was that errors of anission are equally as
likely an the backside of a peak in task demerd as during the peak. It would be
useful to determine whether this finding generalizes to other process control
and contiruous operator tasks and other dynamic enviromments. Tasks and
enviraments that are amenable to laboratory similation include operating a
motor vehicle, piloting an aivcraft, firing wegpms, and goerating an assenbly
lire. Such studies would e egpecially effective if the arder of the presantation of
levels of task demand was fully countertalanced and control conditions used to
get baselines of perfomence. For exanple, ane useful control condition would
pose scenarios with two cycles of traffic davend but no scripted anflicts. Other
amtrol aonditions would pose scenarios with aonstant (out different) levels of
traffic daverd ard several scripted anflicts. The resulting within-suoject com-
parisans would provicde a strayg test of the geerality of o results. If this pre-
liminary finding of errors of anission an the backside of peaks in task demend
holds up to further testing, it would becare imperative to irvesticate ways of
miticating this effect. Eye tracking during the task could provide detailed infor-
mation about the informetion the operator is focusing an (hits vs. noise) ard
might shed light an these sources of errors and, in tum, o ways these errors
might be avoided.
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Abstract

With the advent of widespread utilization of advanced technologi-
cal devices in many of the aircraft flying today, it has become abso-
lutely imperative to determine the safety implications resulting from
such devices. This study focused specifically on the use of cockpit-
mounted GPS receivers. An investigation of GPS receiver inter-
faces was performed with the ultimate goal of determining appro-
priate recommendations pertaining to safe, efficient, and effective
interface design. Two different popular GPS receiver interfaces (a
Garmin 530 and a Bendix/King KLN 89B), as well as pilots with
high (Certified Flight Instructor) versus low (Instrument-rated Pri-
vate or Commercial Pilot) levels of certification, were compared. It
was found that, overall, the pilots performed better on several tasks
using the graphically-oriented interface (the Garmin 530) than they
did on the textually-oriented interface (the Bendix/King KLN 89B).
Additionally, the results of a post-experiment questionnaire revealed
many potential improvements to existing GPS interface design.
The results are discussed and appropriate recommendations of-
fered. Finally, areas of future research are identified.

Introductian

The aviation industry has been ane of the greatest benefactors of GPS tech-
nology (Wroten, 1999) . The increasingly widespread use of this tedmology is
ecaning a mejor driving force in the trend toward enhancing the capacity, & f
clency ard safety of the Natiawl Airspace System (NAS) in the United States
ard elsewhere arourd the world (Goel, n.d.) . This trend has direct applications

Requests for reprints should be sent to Beverly laughead, FAA Academy,AMA-500-0U,
P.0O. Box 25082, Cklahoma City, OK 73125.

107



108

to Free Flight, which aims to provide pilots with greater freedom to determine
the rautes they dhall fly in traveling fran ae point to ancther. The greatest
advantace of this conospt over the current system is that it “noves the airspace
concept from a centralized commend-and-control system between pilots and
air traffic aotrollers to a distrilured system that allows pilots, whenever practi-
cal, to doose their omn rautes ard file flight plans that follow the most efficient
and econamical routes” (Geel, n.d.).

While the future of GBS tedlrology in aviation gppears bright, careful amsid-
eration nmust be given to the hlumen performence issues concerning pilots’ use
of this relatively new tedrology prior to the implarentation of any mejor chenges
to the NAS. Indeed, the interactions between humens and their GPS units will,
in large part, determine how safe and effective the new system shall be, espe-
cially since this system ghall rely alnost exclusively an the sucoessful interac-
tion between men and machine. Conparatively little research has been done in
this area of aviatio prinerily due to the fact that GBS tedrology is currently
11 in its Infagy . Thus, in an attarpt to help £fill this research wvoid, this work
ains to provide an uwderstanding of the effects of GBS use an pilot behavior and
performance.

Review of Previous Research

To date, there have been relatively few studies that have discussed the im-
pact and ef fect of GPS use on humens in an aviation context. However, those
studies that discuss these issues often do provide a wealth of information an the
sioject. Seecifically, the studies reviewed concermed the following issues: safety
aoncems over the inplanentation of the Autamatic Dependent Surveillance Broad-
cast (ADS-B) system for general aviation pilots, and the usability of GPS dis-
play screen and menu formats and- procedures. It should be noted that the
ADS-B system is a newly proposed air navigation system that will allow aircraft
(or dostacles or vehicles) to regularly trensmit their GBS derived position ard
velocity infometim to other aircraft, as well as grourd-lased facilities such as
Air Tef fic Grtrol (ATC) . Specifically, these studies relate how autamtion-re-
lated issues, interface-design issues, arnd hunen gperator issues affect aircraft
GPS users (pilots). Each of these issues shall be discussed separately.

Automation-Related Issues

Automation has had tremendous appeal over the past few decades and the
newest aircraft codkpits are testament to this fact since they incorporate the
great advances in teclrology to perform tasks that previcusly could anly be
performed manually by humans. However, with the proliferation of hicgh-tedrol-
ogy autamated gadgets cares an increased need to understand potential safety
issues arising ait of their use. These issues include: complacency, oer-reli-
ance and head-down time, to name but a few.2Additiawlly, vigilance decrement
issues oontimue to plague highly autorated enviraments (Parasurenmen et al.,
19%) .
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A recent study performed in Alaska to determine how well general aviation
pilcts would interact with 2DS-B displays provides useful insight into the func-
tiaslity of the fubire ATC system once the proposed ADS-B system is imple-
mented an a wide scale. In this particular study, about 150 aircraft in Bethel,
Alaska were fitted with advanced avianics units required by the ADS-B system
(Williams et al., 202). The displays installed included an Apollo MX-20 multi-
function display ard an Apollo GX-60 GPS display.The milti-function display
was ot anly capeble of providing a moving mep display with terrain features, ut
also weather ard traffic infarmetion.

The participants were “[US Federal Aviatiom Regulatians] Part 135 airline
oeerators ard pilots in the Bethel area” (Williamsetal., 202) . After an unspeci-
fied pericd of time of display use, 41 pilots were interviewed ard 27 of those
pilots also campleted self-administered questiamaire forms. The data an the
day-to-day use of the displays were collected by a humen factors team formed
from the FAA's Safe Flight 21 Of fice ard Uhiversity of Alaska at Anchorage

(p2) persamel .

The data aollected indicated certain safety inplicatians. Among these was
“degradation of cawentiawl flying skills” (p. 4), which may be a legitimare am-
cem axsidering the fact that aporadmetely 41% of the pilots believed that their
cawventiawl navigatianal skills had detericrated as a result of the reliance mn
the new displays (Williams et al., 2002) . Indeed, this can ke a sericus prdblem
as the over-reliance an such displays can easily lead to a loss of situatim
awareness upm receiver failure, which can result in fatal accidents such as
CFIT (Catrolled Fligt Trto Termin) . Ancther issue identified by at least ae pilct
was the fact that certain terrain features, namely “mud volcances” (p. 5) were
missing from the terrain informetion digplayed. This indicated ancther instance
where over-reliance on the displays with inconplete and/or erronecus terrain
information may induce CFIT accidents.

Head-down time is another serious issue of concem when pilots interact with
and/or pay uwarranted attention to the displays. Head-down time here may be
defined as the time spent tending to the displays at the expense of paying
attention to other aircraft instrurents and/or visually scarming ocutside the air-
craft for traffic. Williams et al. (2002) noted that increased worklced and reducsd
situation awareness may be some of the consequences associated with the
introduction of new equipment into general aviatio aircraft, particularly when
the equiprent has just been installed and no formal training program has been
instituted. The researchers ford that up to half of the participating pilots had
ot received fomel training an the use of the systams from their (the pilots’)
flight compenies. They also stated that the pilots coplained of having to gpend
a “considerable amount of head-down time attempting to select and exercise
system functians” (p.5) durdng the early flidhts.
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Increased risk-taking behavior due to overconfidence in the displays was
another issue identified by the study where up to 83% of the pilots responded
thet there would ke an increased likelihood of flight into low visibility coditians
with the displays available (Williams et. al, 2002) . This appeared to ke an area
that raises some seriocus safety concerns given that Nendick and St. George
(1995) also reported that users acknowledged being tenpted to fly in similar
risky conditians with an available GPS unit. Unfortimately, such behavior can
ke, ad actually has been, a antributing factor to tragic accidents (Heran et al.,
1997) .

The prdbleams described here such as “degradation of flying skills,” head-
down time issues, over reliance, and so an, are not simply limited to GPS use
anly arnd can ke fourd in almost any aviation envirament where a high degree of
autamation dependency exists. In fact, sore of these same prdblems can be
said to have aotributed to the infamous 1972 crash of Eastem Flight 401 .Fligt
401, an L-1011, crashed in the Florida Everglades after the crew failed to detect
an “nadvertent autogpilot discamect” while engaged with a possible landing gear
malfunction (Wiener, 1988, p. 439). Here, the ef fects of lengthy crewmember
head-down times (due to the distraction) conbined with the crew’s over-reliance
(@ the alrraft’s atqoilct systan) to result in a aatrolled fligt into terrain
(CFTT) accident.

Interface-Design Issues

Other studies have also focused an the usability of GPS displays; specifi-
ally, the ease with which relevant information may be dbtained from GPS de-
vices certified for aerial navigation. Qe such study, wherein an assessment of
cockpit GPS merus and procedures was performed, was performed by the Civil
RAeromedical Institute (CAMI) (Wreggit & Marsh, 1996). Wreggit and Marsh
noted that distraction of pilots from visual scaming arnd aontrol of aivcraft when
GPS devices are irvolved may in fact be the result of poorly designed software
interfaces and sub-optimal meru structures. The great and rumercus differ-
ences amongst GPS marufacturers in design of aviation GPS units and their
interfaces are most likely a consequence of non-existent standards for “data
entry ard retrieval, display type, or placenment within the cockpit” (Wreogit &
Marsh IT, 1996, p.2) . This inevitably leads to poor or even necative transference
when pilots must use GPS units built by different merufacturers.

In a New Zealand study performed by Nendick and St. George (1995), 172
pilots responded to questiamaires concerning GPS use. Certain findings were
similar to those revealed in the study performed by Wreggit et al. (1996) . One
such finding related to data input errars. Specifically, Nenedick and St. George
fourd that over half of the users sanpled (55%) reported input-related difficul-
ties. These irput-related difficulties were described to have led to such errors as
“hitting the wrayg key; forgetting the keying sequence to dotain the correct
information; and inadvertently pressing a key twice in turbulence resulting in a
change of mode or runer or letter” (p. 154) . Adams et al. (2001) also specifi-
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cally cited irput errors among the leading causes of GPS-related prdblems.
Trus, it is not difficult to uderstand how a poor interface display and desion
(e.g. poorly spaced keys and buttans, or non-intuitive labels) can induce and
exacerbate such errors.

The study performed by Wreggit and Marsh IT was conducted with the goal
of discovering usability issues broght forth by GBS unit design. This perticular
study was performed using 9 private pilots considered novice GPS users to
avoid negative transfer of training due to prior GPS experience. The participants
were required to perform several flight-related GPS tasks such as waypoint
setting, general GPS data entry and GPS data retrieval, and GPS navigation
while also flying a fixed lase similator termed the Basic General Aviation Re-
search Simulator (BGARS). The GPS unit evaluated was a Magellan EC-10X.
The data collected included head-down time, task times, pre-flight and post-
flight questiaraire data (Wreggit & Marsh IT, 1996) . Video recorders were used
ard pertinent information was captured real-time by the experimenters who tock
notes throughout the study .

Anog the main findings of this study wes that a significant correlation ex-
isted between head-down time and total mumber of button presses per task
(Wreggit & Marsh IT, 1996) . Also, excess button presses usually resulted fram a
misinterpretation of the fimctions of certain buttans such as “OUI” and “ENT?
which were often used interchangeably in error by users to perform the same
task such as removal of waypoints. This form of error was termed “dauble error”
(p- 5) where the pressing of “OUI” did not accanplish the task ard therefore
“ENT” was pressed (errcnecusly) to perform the same task. Similar excess
button presses occurred when attenpts to delete certain waypoints were mede,
but with the incorrect sequence of button presses (such as attenpting to delete
waypoints while the flidht plan was still active) .

Inother issue that was singled cut concerning the particular GPS device
used for the study was that ervor feedback was provided through auditory mes-
sages in the form of a rumber of beeps. This was foud to be inadequate in
providing suf ficient feedack to the user aocemirg errors mede. Also the feed-
back provided was found to be inconsistent as different rumbers of beeps were
heard when the same error (such as attempting to delete waypoints using the
incorrect buttan) was mede in varying display modes (mep display versus flight
plan display) .

Corpletion of certain tasks was fourd to have been “hanpered or prevented”
(0. 7) due to inomsistencies in GPS meru structure and buttan fimction alloca-
tion (Wreggit & Marsh IT, 1996) . Inonsistencies also were fourd to ke a prdo-
lem conceming the an-screen help option. This feature was not available for all
the screens ard, certain words such as “escape” ard “exit” were used inter-
changeably for the same function in sore of the help screens.
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Firelly, head-down glance time was found to be considerable, calculated as
at least 10 secads, an average, per participent (Wreggit & Mersh IT, 199) . As
described previcusly, this can be quite hazardous amsidering the fact that “time
away from scaming the outside envirament ard the aircraft instruments re-
duces situational awareness” (Wreggit & Marsh IT, 1996, p. 8) ard this could
potentially lead to mid-air or CFIT accidents.

The aforementioned design flaws are not just limited to the GPS unit used in
the study by Wreggit ard Mersh II. Trndeed, a lack of due cmsideration to
ergonomics and basic humen factors principles has meant that meny GPS
devices amrently being used in aircraft have not been gotimized fram a usability
stardpoint (Heran et al., 1997) . Heron and colleagues provide a detailed discus-
sion of the humen performance concems that must be considered when design-
ing a GBS interface for pilcts.

Heron et al. (1997) described many deficiencies in design that hamper effec-
tive interaction between the GBS receiver ard the humen cperator .Among these
deficiencies are those that induce keystrike prdolems whereby buttons are in-
advertently pushed as a result of projecting key contours and/or insufficient
Spacing between buttans. This prdblem is usually exacerbated in-flight by the
fact that pushing the wrang button can wresk havoc with the existing status of
the display by, for instance, placing the user o a new screen with no relevance
to the task. It is easy to see how the levels of anfusion and frustration can
mount, egpecially when workload levels are relatively hich (during an instruvent
aooroach, for exanple) as there is usually o “undd” buttan to revert to the
previcus status of the display, requiring the pilct to perform mery steps (outtan
pushes) just to retum to the previcus screen (Heron et al., 1997) .

Undue load on memory was another issue identified by Heron et al. (1997) .
This prablem stems from the requirement for the pilot to memorize the mary
steps required to perform simple navigation tasks using the GPS device. For
instance, Heran et al. (1997) foud that the rumber of steps required to load a
nonprecision instrument approach varied between 8 and greater than 30 steps
Jeperding an the model of wnit used. The rumber of steps required has sericus
implications for head-down time, workload, and situation awareness. Memory
load is further increased when the user must remenber the many functions the
individual kndbs and buttons may have depending on screen displayed. Loss of
memory during critical segrents of flight can lead to excessive head-down time
ard aonfusion (Heran et al., 1997) .

Conterintuitive logic is ancther prdblem that negatively impacts memory
load (Heran et al., 1997) . The nature of mery GPS units used for aerial naviga-
tion is such that there is a limited runber of buttons/kndos present on the
hardware interface. Given this limitation, mery devices require the use of the
sare buttans for performing dif ferent functions. However, prdbleans arise when,
as discussed previcusly, the labeling of sare of the buttans is mn-inbuitive far
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certain fuctians. 2n exanple is the requirement to press “select” to exit froma
particular mode (Heron et al., 1997) . Such labeling may actually impede memo-
rization and increase workleed as pilots attarpt to retrieve the information fram
their long-term memory .

Conceming the actual depiction of dharacters an displays, Heran et al. (1997)
identify three specific principles that appear to be neglected by marty GPS

menufacturers. These are: detectibility, recognizability, and readability.

Detectibility refers to how well characters can be distinguished fram their ack-
grords. Recognizability refers to the ease with which characters can be dis-
criminated. Fimally, readsability refers to how well dharacter groups “cawey mean-
ingful informetion” (Heran et al., 1997, p.15) . These three principles are espe-
cially important with regard to ammumciation. Indeed, when important messages
are provided by means of on-screen arrunciator lights, they must be easily
discernable so that situation awareness may be enhanced.

Arother issue of aoxem is whether a graphical display form is superior to a
textual display form. Graphical displays typically incorporate the use of shapes
ard colors to cawey nmesningful informetion to pilots while textual displays rely
o huen abilities to read and interpret vertal informetion presented. While both
forms provide informetion visually, the most appropriate method of presentation
should e lased an the type of informetion presented. For instance, verbal dis-
plays may be more suitable for presenting abstract information while pictorial
representations may be more suited to coweying complex spatial pattems
(Wickens & Hollands, 2000) . In sore cases, however, when information pro-
cessing times are critical, a redundant corbirnation of graphical and textual
information may be more useful and work better than either element employed
singularly (Wickens & Stckes, 1988) .

Human Operator Issues

Unsuccessful or prdblematic interactions with GPS interfaces may not be a
result of just poor interface design, but also may be caused by the humen
qeerator himeel f/hersel f. For instance, an goerator that has little or no familiarity
ar training with a partiailar device may fird it dffiailt to perfama functiom (such
as loading an aporoach) because of the lack in knowledge of or little previous
exposure to the device (Rdams et al., 2001) . Additiawlly, the miltitasking doili-
ties of the goeratar (pilct) also mey play a role. For instance, pilots with high
levels of flight experience and/or wo are trained to deal with hich task loed
qeeratias (e.g. airlire trangoort pilots, flidht instructars, ete.) may fird it easier
to adapt to or menage the additional challenge of, say, loading an instrument
approach into a newly installed GPS unit, than less experienced pilots whose
training may be limited to sinple routine aerial nmeneuvering/ravigation cpera-
tios (e.g. studatt pilcts, private pilots, comercial pilets, etc.).

In summary, it must be stated that the many huren factors issues identified
above concerming GPS unit interface design are by no means exhaustive. How-
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ever, they do provide an indication of the meny aspects of humen performance
that must be considered when designing such interfaces. Finally, the available
research has thus far shown that, while GPS devices can be valuable tools for
pilots, an awareness of usability issues and comm pilot-induced errors will be
essential both for the pilots themselves and the GPS marufacturers.

Statement of Prcdblem

With the continued emphasis on GPS technology in aviation comes the re-
spansibility of the aviation cammnity in general to ensure that the devices used
to capitalize an this tedrology, namely the GPS receiver hardware and soft-
ware interfaces, are designed in a mamer that truly enhances safe and efficient
aircraft geeration. It has been shown that merufacturers of GBS units currently
in existence have, in sore instances, failed to follow simple humen factors
principles to the detriment of the end user, the pilct. Relatively few studies have
been conducted to date concerming GPS receiver interface design and usability.

The arrent lack of research in this particular area ard the absence of indus-
try standardization with regard to GPS interface design have created a wvoid that
can anly ke filled by irvesticptive studies into safe, efficient, and effective inter-
face design. This partiailar study aims to do just that. Specifically, this stdy
was developed with the ultimate goal of providing recomendations pertaining
to interface design for cockpit-mounted GPS receivers. Two dif ferent types of
interfaces were compared. Additiawlly, tte ef fect of cartificarion level oy pilct
performence was investigated also.

Method

Participants

Thirty-two mele participants participated in this study. However, ae partici-
pant was unable to conplete substantial portions of the experiment tasks ard,
therefore, had to be eliminated from the study (Upon de-briefing it was discov-
ered thet he “wasn't feelirg very well” i.e. t'hepaxtlmgarn:vas i11) . Participsnt
ages ranged fram 19 to 24 years. Apgoraxdmetely half (16) of the participents
were pilcets holding Gertified Flight Instructar ((FI) certification vhile the ramin-
ing 15 were pilots with at least a Private Pilct certificate and an Instrurent rating
ard/or pilots holding Comercial Pilot (IRC) certification but who hed not at-
tained Gertified Fligt Instructar certification. The pilots with CGartified Flight Tn-
structor certification were selected mainly fram a pool of Florida Institute of
Teclmology (FIT) Aviation ILC employees, while the pilots with at least a Private
Pilct certificate ard an Instrurent rating were selected from a pool of FIT School
d Aeronautics (SOR) students. The averace total flight experience for CFT pilots
was appraximately 533 flight hours, and ranged fram 250 flight hours to 1300
flight hours. The mean total flight experience of the IRC pilots was approxi-
metely 240 flight houars, ard varied fram 220 flight hours to 347 flight hoars. Al
pilots possessed at least a third class FAA medical certificate.
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With respect to GPS experience, anly 9 (29%) of the 31 participants had
ever specifically previcusly used either of the presented GPS interfaces. How-
ever, most of the participants, appraximately 94%, reported that they did have
prior experience with the Garmin 430 GPS receiver unit, a precursor to the
Garmin 530 wnit. None of the participants stated that they had received any
fomel GBS training at all.

As incentive to participate, a $150 cash prize was offered ard was to be
given to a wirming participant an the basis of a random drawing canducted at the
conpletion of the study.

Apparatus

The experiment was conducted at the FITARL (Applied Research Iab). Two
IBM-compatible Portable Computers (PCs) at the ARL were used for the experi-
ment. The monitor displays of each PC were placed side by side such that
minimum gap existed between the two screens. One PC was designated to run
NASA's MAT Milti-2ttribae Task Battery) softwere (Parasuranen et al., 1991)
while the other PC ran ASA’s GPS Trairerv. 2.0 © program (Aviation Sugplies
ard Academics, Inc.) as well as NASA's TIX program (Hart & Staveland, 1988) .
The MAT softwere was selected for this study, as goposed to other flight simu-
lation software currently available, because the MAT ocontained algorithms de-
signed to produce specific outputs pertaining to user performance. These cut-
puts provided for the accurate aollection of analyzeble metrics pertinent to this
study .

The two GPS interfaces selected for this study were the Garmin 530 and the
King KIN 89B. The selection was based on the fact that these particular wnits
represent two carpletely different designs of cockpit-mounted GPS units (a
graphically oriented interface an the Garmin 530 versus a textually oriented
interface on the KIN 89B) . Figure 1 is a depiction of the Garmin 530 interface
ard Figure 2 is a depictio of the King KIN 89B receiver interface. Both Figure
1 ard Figure 2 are depictions to scale ard represent ane-half the size of the
actiel wits. The GPS simuilators were made available from ASA’s GPS Trainer
v. 2.0 © software.

GARMIN
GNS 530

Sof tvore Verzicn 207

Figure 1. Ganmin 530 receiver interface
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Figure 2. King KIN 89B receiver

The PC on which the MAT software ran was equipped with a Logitech
Trackerball and a standard keyboard while the other PC was equipped anly with
a standard PS/2 mouse input device.

A post-experiment survey devised by the experimenter and containing Likert-
scale and open-ended questions was used to dotain participant data concem-

Procedure

Each experiment session was separated into three segrents. The firvst seg-
ment oanstituted a Tutorial and Practice partion, and the second segment con-
stituted performence of Experiment Task 1. The third segrent constituted the
performence of Experiment Task 2.

The Tutorial and Practice portion was designed to familiarize the participants
with the tools to be used ard the tasks to ke performed. The first task assigned
to each participant during this portion was familiarization with the MAT tasks to
e performed during the experiment sessions. Specifically, this irvolved a five-
mirute session within which the participant similtanecusly performed a moni-
toring task arnd a tracking tagk. These tasks were selected primarily because of
their similation of functions nomelly performed by pilots in-flight, ramely, te
scaming of instrurents arnd gauges ard the aontrol of aircraft attitude and flight
path. Thus, these tasks are referred to as flight-related tagks. Figme 3 is a
depiction of the MAT display containing the monitoring and tracking windows.

+
+
+

__!=‘
+
+
+

Figure 3. MAT display showing the two of six MAT panes used in this study.
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The monitoring task required the participant to mmitor four vertical gauges
labeled Templ, Presl, Temp2, and Pres2 representing pressure (Presl and
Pres2) and temperature (Templ and Tarpl) variatians of two aircraft engines.
The pointers an each gauge would normelly fluctuate within ane scale deflection
of the center merker. However, occasional random “system malfunctions” would
ocaur and were indicated by the pointer an ane of the four gauges shifting more
then ae scale deflection from the canter position. For instance, the System
Monitoring window depicted in Figure 3 illustrates a situation where the PRES1
cAue is “aut of limits,” while the other cauges ramin “within limits.” Partici-
pants were required to detect the melfinction and correct it by pressing ane of
four function keys (located on a keyboard) corresponding to the appropriate
gauge. The faults would be corrected autaratically 10 seconds from the onset
if the participant failed to detect ard correct the melfunction (@ miss). A fals
alarm was recorded if a function key was depressed when no malfunction had
occurred.

The performance measures pertaining to the monitoring task included detec-
tion rate of malfunctions or correct responses ((R), mean reaction time for
detection arnd correction (MRS), and the rumber of false alarms (FB).

The tracking task irwolved the use of the trackerball device to amtrol the
motio of a green ciradlar awrsor represating the flight parh of the aircraft. The
cursor was progranmed to move within a central boxed area in x and y direc-
tions according to a particular forcing function enbedded within the MAT code.
The participents were instructed to use the trackertall to attenpt to maintain
the aursor over a crosshair located in the center of the tracking display (see
Figure 3) .

The performance measure pertaining to the tracking task was a value derived
fran the x ard y deviations of the cursor over time. This value represented the
average root mean square (RVS) error score for the length of the session. This
soore will henceforth be referred to as a Mean Tracking Error (MIE) score.

The MAT software also produced an cutput of MAT run time, which measured
the duration of the MAT sessim.

Tre dif fiaulty level of the MAT was set to “nommel,” which required that the
participent aomstantly monitor and correct for tracking deviatians while also
monitoring and correcting system malfunctions. This setting produced a situa-
tion not nlike piloting a single-engine aircraft under Instrument Meteorological
Conditions (IMC) weather conditions (requires emphasis on instrument scan
tedmique) in slight turoulence (requires deliberate attentio to aircraft aoxtrol) .

Once the MAT tasks were aarpleted to the required proficiency (i.e., a Mean
Tracking Error RS saore of no greater than 290, and a detection rate of at least
66%), the participant comwpleted a tutorial pertaining to each GBS task to be
performed. The minimum scores required to demonstrate proficiency were de-
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rived fran an analysis of test suoject data. The tutorial and practice portion of
the session prepared participents to perform particular VER and TFR scenarios,
Experiment Task 1 and Experiment Task 2 respectively.The order in which the
GPS interfaces were presented and used was counterbalanced between experi-
et portions (i.e. the tutarddal, Experiment Task 1, ard Experiment Task 2) ard
ettween participants to aotrol for order ef fats. Additiawlly, sgparate t-tests
comparing dependent measure results within each experience level category
(IPC and CFI) were conducted to determine whether order effects did in fact
exist. Nae of the t-tests were faord to be significant.

Experiment Task 1 provided a typical VFR (Visugl Flidht Riles) flicht-sce-
nario in which the pilot was to perform certain GPS tasks while similtanecusly
performing the given flight-related tasks. The scenario presented was ane in
which the pilct had to initially prooeed an a direct route to an aivport of interded
landing. Next, the pilot had to use his GBS receiver to fird a suitable altermate
airport with an goporaoriately lengthy rumay given that the distance to the origi-
mal destination was too great to allow for an immediate (or almost immediate)
precautionary landing due to a possible system malfunction. Once the new
airport was ford, the pilot was asked to proceed dirvectly to that airport with the
help of the GPS wnit by activating the “direct-to” function on the GBS (Note: the
M AT tracking task functioned independently of the GPS routing changes) . Fi-
elly, the last interaction with the GPS unit irvolved canceling the new direct-to
routing given that the system prdblem had been resolved and a precautionary
landing was no longer necessary .

Experiment Task 2, on the other hard, provided the pilot with a typical TFR
(Instrument Flight Rules) scerario in which the pilot was instructed to procesd
m a direct-to raute to a partiailar airport and then load a given agorcach into the
flight plan of the GPS receiver wnit. While performing these instructians, the
pilct, axe aggin, had to similtanecusly perform the flight-related tasks just as
he/she would in an actual aircraft.

The tutarial ren directly fram pertinent sectians of ASAs GPS Trairerv. 2.0 ©
software. Specifically, the tutorial explained in detail, how each GPS receiver
unit was to be used in the most appropriate mamer in which to complete the
given task.

After aopletio of the tutorial, the participants were provided with an ogpor-
tunity to practice what had been learmed. The practice portion of the experiment
required that each GPS task be performed on each GPS simulator immediately
after capletion of the sectio of the tutarial pertaining to that particular task/
GPS interface carbination. The ability of the participant to accurately aarplete
the given task was assessed and recorded and an Accuracy and Completion
score was determined for the participant. This score was calculated based an
the sum of assigned weightings provided for acourate entries and, if applicable,
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a deduction peralty for failing to acomplete the given tasks within the allotted
time. If the participent was urdble to attain an Accuracy and Completion score
of at least 70% within five mirutes an each practice task (i.e., at least a score of
21 aut of a possible 30 for Practice Task 1 and also at least a score of 14 aut of
a possible 20 for Practice Task 2), he/she was provided with an ogoortunity to
review pertinent sections of the tutorial, and when satisfied, wes allowed to try
the practice portion again. Participaents were allowed no more than two attenpts
to dotain suf ficient proficiency . If a partiadlar perticipent required more then 2
attempts, he/she was sumerily dismissed from the study.

Once the Tutorial and Practice portion of the session was carplete, each
perticipant performed the Experiment Session portion. During the Experiment
Session, the participants were required to perform GBS tasks (Experiment Task
1 a Experiment Task 2) vhile similtanecusly perfaming the flight-related tasks.
(ojective performence measures pertaining to the GPS tasks and flight-related
tasks were recorded for each receiver interface. Subjective workload measures
pertaining to each interface were dotained through the use of NASA s TIX pro-
gram once participants had copleted each separate portion of the Experiment
Session. The NASA TLX measures included the following categories: mental
demend, physical demand, temporal demand, perfomence, effort, and frustra-
tion. Each measure was rated an a scale ranging fram -1 for “low” or” good” (as
apprapriate) to 19 for “high” or “poor” (as appropriate) . Uoon corpletion of the
atire Experiment Session, additiaal participent data were dotained through
the use of a post-experiment questiamaire. The questicmaire contained cer-
tain Likert-scale questians to dotain subjective ratings of interface effectiveness
for each experiment task. Such questions contained a scale ranging from “wery
pox” (with avalue of 1) to “exellat” (with a value of 5). 2dditiawlly, the ques-
tiaraire was structured so that it also provided the thoughts of the pilots am-
ceming each GPS interface, ard how the interfaces related to the given tasks.
Firelly, the questiamaire also sought ideas on how the interfaces could be
improved.

Experimental Design

For the purposes of this study, a two-factor mixed desion Aralysis of Vad-
ance (ANOVA) hypothesis test was canducted using STATISTICA for Windows
(StatSoft, 1999). A separate ANOVA was performed for each dependent mea-
sure. The dependent measures included task completion times (time required
to carplete Experiment Task 1 ard Experiment Task 2), trackirg error scores,
and monitoring values. The independent measures consisted of: certification
level (1) [Certified Flight Instructars (CFI) vs. Instrument-rated Private or Com-
mercial Pilots (IPC)] and, (2) GPS receiver interface [Garmin 530 (G) vs. KIN
8B (K)]. Thus, a 2 x 2 mixed factarial desion was aonducted in which certifica-
tion level was the between-participants variable and GPS interface used was the
within-participants ~eriddle. 2n algha level of .05 was used in all cases (& = .05).
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Results and Discussion

Before we can disauss the findings of this study, we nust fivst understard
their catext. Soecifically, this requires a review of each of the experiment tasks
and what they represented.

Recall that the tracking and system monitoring MAT Milti-Attribiare Task
Battery) tasks represanted typical flight-related tasks perfamed by pilcts, rarely,
alrcraft attitude and flight path aotrol (represented by the tradking task), ad
flight instrument or system-cauge monitoring (represented by the system moni-
taring task) .

For each separate scenario performed, the collected data (carpletion time,
mean tracking error score, system monitoring values, etc.) pertained to the
period sparming the initial immediate interaction with the GPS interface up until
the aopletion of the firal interaction with the interface (at which point the MAT
session was simultanecusly terminated) .

The analyses of carpletion time results (recorded in mirutes) for Experi-
ment Task 1 ard Experiment Task 2 indicated that there was o significant
df ference between CFI pilots (Experiment Task 1: M= 3.89, SD = 2.54; Experi-
ment Task 2: M =2.07, D = 1.13) ad IRC pilcts (Experiment Task 1: M =
4.82, SD = 5.42; Experiment Task 2: M = 3.56, SD = 3.45) with regard to
aopletion tine (p > .05 for Experiment Task 1 and Experiment Task 2). This
inplies that, even though the CFT pilots hed attained a higher level of pilot certi-
fication then IFC pilots, they were uable to carplete both the VER (Experi-
ment Task 1) ad TFR (Experiment Task 2) scerarios presented ary faster than
their lesser-rated comnterparts. Therefore, it can ke said thet, with respect to
gpeed of perfomence, level of certification did not provide ae growp of pilots
with an advantage over the other graup in this case.

With regard to the post-experimental questiamaire results for the VER sce-
nario, the Garmin 530 appeared to ke the preferred interface overall, achieving a
mean rating of 3.77 while the KIN 89B achieved a slightly lower mean rating of
3.45 (ratings based an a scale of 1 to 5 where 1 = poor, ad 5 = exellat). The
pilcts, however, also comented that they preferred the instant display of perti-
nent information an the KIN 89B upn activation of the “direct-to” finctim,
whereas additicnal steps were required to produce similar information on the
Garmin 530.

With regard to the corpletion time results for the VER soerario (Experiment
Task 1), the main ef fect of GBS interface was also rot significant (p > .05). This
indicated that the pilots perfomed just as rapidly an the Garmin 530 interface
(M=4.12, SD = 2.89) as they did on the Bendix/King KIN 89B interface (M =
4.58, SD = 5.08) . This was rather surprising considering the fact that the two
interfaces were very dif ferent from ane another, ane being more “text-intensive”
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(the Bendix/King KIN 89B), while the other ane was nmore “graphics-intensive”
(the Garmin 530) . If conpletion time can be used to gauge the relative ease or
difficulty of use of an interface, with shorter times indicating ease ard lawer
times indicating dif fiqilty, this result may be interpreted to mesn thet, in gen-
eral, ae interface may have been just as easy to use as the other; or alter-
rately, the interfaces were equally dif fiailt touse. The interaction between cer-
tification level and GPS interface used for the VER scenario was not significant,
p> .06. A further repeated-measures t-test comparison of GPS task completion
times an the pre-experinent (practice) version of the VER scenario also indi-
cated that 1o significant differences in corpletion time existed between the two
interfaces, p > .05 (two-tailed) .

With regard to the post-experimental questiamaire results for the TFR sce-
rerio (Experiment Task 2), the Garmin 530 again appeared to be the preferred
interface overall, achieving a mean rating of 4.00 while the KIN 89B achieved a
relatively lower mesn rating of 2.9 (ratings based cma scaleof 1 to 5 were 1 =
poor, ad 5 = excellat) .

The analysis of the TFR scenario conpletion time results did, however, rewesl
the main effect of GBS interface as significant (F(1,29) = 7.95, p < .01), with
pilots completing the given scenario much more rapidly on the Garmin 530
interface M= 1.62, SD = .83) than on the Bendix/King KIN 89B interface (M =
4.01, SD = 3.89). Additiawnlly, the interactio ef fect between certification level
ard GPS interface was significant, F(1, 29) =5.49, p< .05, (see Figure 4) . The
interaction indicated that CFT pilots actually required slightly more time then
IEC pilets to aaplete Experiment Task 2 on the Garmin 530 interface but were,

Tine f i)

—o— IPC
~0- CFI

0

Gam i 530 Bendix/Kig KLN 89B

Figure 4. Tnteraction effect between certification level and GBS interface
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however, able to perform the given scenario much more rapidly on the Bendix/
King KIN 89B than the IFC pilots using the sane interface (i.e., the Bendix/
King KIN 89B) . Further investigation of the interaction via a Boaferroni type
aorrection (adjusted p = .0125) also revealed thet the difference in IPC pilot
performence between the two interfaces approached significance, t(14) = +1.76,
p = .025, two-tailed.

This finding indicated thet the lesser rated pilots (IRC pilots) hed less diffi-
culty with performence of the TFR scenario an the Garmin 530 than an the Bendix/
King KIN 89B (Note: participants were instructed to conplete the given tasks in
the least amount of time possible, giving equal weight to tracking and GPS
tasks; for almost all participants, this was doserved to e the case). It thus
follows that, for IRC pilcots, head-domn glance tine (i.e., time spent tending to
the GPS digplay at the expense of payirng attention to the “aircraft” ard its
environment) must have been greater when the Bendix/King KIN 89B interface
was used than when the Garmin 530 interface was used. The importance of this
finding carmot be overlooked given the safety implications of lang head-down
glance times as described previcusly .Another possible inplication of relatively
lag carpletion times is that this may reflect lengthy information processing
times required by a partiailar interface. A repeated-measures t-test comparison
of the interface aapletion times an the pre-experinent (practice) versio of the
TFR scenario indicated that GPS task carmpletion times, ard thus information
processing times, for the textually-intense KIN 89B interface M = 1.56 min,
SD = .196 min) were significantly greater than those times for the more graphi-
cally oriented Garmin 530 interface (M = 1.05 min, SD = .183 min), t(28) = -
2.87, p < .01, two-tailed.

Figure 4 also indicated that CFI campletion times an each interface were
fairly similar (the difference was foud not to ke significant, p > .05). This sug-
gested that (FT pilots, perteps as a result of their flight experience, did not have
as much difficulty in adapting to the interface change as the IRC pilots.

In aralysis of the Mean Tracking Error (MIE) score results for both the VER
ard TFR somarics revealed that the main effect of certification level was signifi-
cant, (VER scenario: F(1,28) = 8.54, p < .01; IFR scenario: F(1,29) = 8.25, p <
.01) . Specifically, CFT pilots (VER scenario: M = 134.00, SD = 31.84; IFR sce-
nario: M = 117.82, SD = 27.72) had significantly lower MIE scores than IPC
pilots (VER scenario: M = 182.00, SD = 64.42; IFR scenario: M = 161.87, SD =
58.90) . Given the fact that the tracking task was likened to controlling the pitch
attitude ard flight path of an aircraft, it mey be said that the FT pilcts were able
to meintain better aotrol of the “aircraft” (similated) then IRC pilots while per-
forming the required functions. This seemed hardly surprising given the fact
thet, unlike IRC pilots, (FT pilcots, in eaming their FT certification, have been
trained to allocate sufficient resamaes to flying the aircraft while similtanecusly
providing flight instruction to students. Thus, ae might expect that the multi-
tasking abilities of (FT pilots would be superiar to those abilities of lesser rated
pilcts. BEvidatly, this wes the case.
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However, still very interesting, the VFR scaario MIE score results indicated
that the Garmin 530 interface (M = 157.08, SD = 51.38) and the Bendix/King
KIN 89B (M = 156.40, SD = 44.89) interface affected pilot “aircraft control”
capebilities similarly (p > .05). This inplied that, even thouh the interfaces
were very dif ferent fran ane other, pilct abilities to perfam the traddrg task (ar
to “fly the airplane”) ramined the same for the VFR scenario regardless of GPS
used. The interaction between pilot certification level and GBS interface was
also foud not to ke significant for the VER sosario, (p > .05) .

With respect to the main effect of GBS interface, the IFR scenario proved to
e more discriminating then the VER scerario. The results indicated that the
df ferences between the interfaces (with regard to the mmber, ad type, of steps
required for task conpletion) were more pronounced for the IFR scenario than
for the VER scenario. This was evident fram the fact that anly the IFR scenario
produced a significant main effect of MIE scores aoncerming the interfaces (F
(1,29) =6.92, p< .05). The TFR scenario MIE score results showed that pilots
performed significantly better an the tracking task when the Garmin 530 inter-
face (M = 130.73, SD = 45.79) was used rather than the Bendix/King KIN 89B
M = 146.06. D =52.03), F (1,29) =6.92, p < .05. In other words, pilots were
able to maintain better “aircraft control” when using the Garmin 530 interface.
Recall ance again that the pilots also aarpleted the TFR scenario significantly
faster o the Garmin 530 as well. As described previcusly, the head-down time
implications were that the pilots had lower head-down times when using the
Garmin 530 as oggposed to the Bendix/King KIN 89B. The interaction effect was
fourd ot to ke significant, p > .05.

Due to the relatively low sampling rate for the system mmitoring task, anly
the VFR scenario produced system monitoring results that could be analyzed.
This is because the algorithm used by the MAT program to generate random
system malfunctions, begen to produce the system malfunctions only after sare
unspecified pericd of time had elapsed after the MAT session began. Thus, in
several cases, participents campleted the TFR scenario before the algorithm
could generate a system malfunction. This did not occur with the VER scenario
where corpletion times were great encugh that system malfunctions were gen-
erated far all perticipats. 2n amalysis of the VER socenario results revealed that
reither the certification level main effect nor the GBS interface main effect was
ford to be significant. The irdication provided by the result of the fivst main
effect is that IPC pilot detection rates M = 59.76, SD = 39.36) were similar to
CFT pilot detection rates M = 46.55, SD = 42.32), p > .05. This inplied that CFT
pilots and IPC pilots could not be distinguished based on system-gauge moni-
toring performance. This showed that while CFT pilots on average had greater
total flight experience, they did not detect any more system malfunctions than
the less experienced pilots for the VFR scenario. Since the main effect of GPS
interface was not significant either (p > .05), the indication wes thet the pilcts,
an average, experienced no change in detection rate on each subsequent ses-
sion whether conpleting the VER scenario first on the Garmin 530 interface (M
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= 52.35, SD = 41.96) and then the Bendix/King KIN 89B interface (M = 53.96,
SD = 43.09) or vice versa. The interaction effect was not significant, p > .05.

The results of each of the 6 NASA TIX workload measures, for both the
VER ard TFR scerarios, indicated no significant mein effect of certification level
differences in any of the subjective ratings between CFT pilots and IRC pilots.
Similarly, for the VER scenario, the main ef fect of GPS interface also was not
significant. These results indicated that the subjective levels of worklosd expe-
rienced by both pilot types (CFI and IPC) on both GPS interfaces (Garmin 530
and Bendix/King KIN 89B) were not dissimilar.This was a rather interesting
finding given the fact that the questiaraire results indicated that meny pilots
agppeared to ke partial towerd either ae wnit or the other. Perhaps the old adage
that says, “do not judge a bodk by its cover” holds true here.

The IFR scenario, however, did produce a main ef fect of GPS interface with
regard to ane workload measure in particular, “rsgation.” The pilots indicated
that they were significantly more “frustrated” when working on the Bendix/King
KIN 89B (M = 7.0, SD = 4.72) interface than when working on the Garmin 530
interface M =8.9, D =5.94), F(1, 29) =4.81, p< .05. As shall be discussed
subsequently, certain agpects of interface design mey have played a role in
producing such results.

The results of both the VFR and IFR scenarios showed that sare partici-
pants did, indeed, have difficulty in interacting with the interfaces as evidenced
by the relatively layg apletion tines an at least ae of the interfaces, if not
both interfaces. As stated previcusly, certain interface design aspects of the
units appeared to amtribute to the difficulty experienced.

Cnceming the VER scerario presented, for those individual participents that
appeared to have difficulty with the Garmin 530, the doserved cause was a
failure to quickly ramanter how to dotain informetion about the nearest airports.
The performence of this function required the use of the large scroll kndo located
to the right hard side of the interface. However, this was not doviaus ar clear to
all participants as evidenced by the fact thet ae pilct failed to amplete the
Experiment Task 1 session with the Garmin 530 interface due to this issue.
Mditiawlly, it is worth noting that meny perticipents, in their answers to the
research survey, mede statements requesting that this kndo be replaced by a
“nearest” buttan an this particular interface. This suggested modification, while
it agoears trivial, actually may significantly etence the usability of this inter-
face.

For those participants that agpeared to have difficulty with the Bendix/King
KIN 89B interface on this same VFR scenario, the dbserved cause was a fail-
ure to ramaber to pull the right-hard-side imer kndo aut axe at the initial
nearest airport page so as to emable further scrolling through the subsequent
nearest airports. Once again, this was the subject of frequent negative com-
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ments fram the pilots conceming the Bendix/King KIN 89B interface. A pos-
sible altemative to this design would ke to incorporate a separate huttan to
serve the same function as pulling cut the kndb. However, this might not solve
the prdolem unless the button is gpprapriately labeled to meke its function self-
evidat.

For the IFR scenario, the results showed that the use of the Garmin 530
interface for task conpletion did not appear to present much trouble to the
plds. This was nost likely the result of the very sinple ard, apparently, the
intuitive design, allowing easy access to the appropriate instrument approach
page ard its merus. The required steps to perform the given function were few
ard anly required the pilot to press the “PRO” (i.e., “procedure”) button and
then meke the appropriate instrument aporcach selections an the resulting merus.
Aocording to the research survey results, the steps were ford to be very straight-
forward and did not cause much confusion or mejor dostacles to task conple-
tion. However, sone of the survey answers illuminated the notion that the use of
a scroll kndb for data entry purposes an both the interfaces (the Garmin 530 ard
Bendix/King KIN 89B), was not very efficient, at least according to sare pilots.
These pilots provided suggestions of possible altermatives such as keyboards,
touch-screens, or keypads, similar to those ford in modem airliner BMCs (Flight
Management Computers), cellular phones and PDAs (Personal Digital Assis-
tants) . Indeed, any ane of these types of devices could provide an astute inter-
face designer with a suitable model from which to adapt a new imput device
suitable for a cockpit-mounted GPS system. However, to ke a tnily ef factive
design, due consideration must also be provided to the nature of the environ-
ment in which the system shall e placed. This requires cansideration of such
factors as limited space available in a codkpit area or parel, key spacing given
the possibility of turoulence-induced keystrike errors, key illunination for night-
time use, and so m. Another possible altemative input method could e a voice-
aantrolled system incorporated within the GBS interface itself to allow “hards-
free” gperation of the unit. This idea was suggested arnd deemed highly favorable
by several pilcts. In fact, ae of the pilots actually stated, “.a voice-activated
system would be an absolute godsend.”

The use of the Bendix/King KIN 89B interface to conplete the TFR scenario,
presented sore of the pilots with a separate prdolem (or perceived prablem)
wnique to this interface. These pilots stated that there was just too much scroll-
ing irvolved in finding the apprapriate page required to loed the given instrurent
approach. They also stated that the menu structure of the Bendix/King KIN
89B unit was not very intuitive and needed to be modified to meke it easier to
fird the aporcach page, which, an the existing unit, was located an a screen
labeled “ACT 8’ with ACT being an adoreviation for the word “active.” Given the
evident confusion, a possible inmprovenent to the exdisting design might be to
incorporate a separate “approach” button to call up an instrument approach
menu. This was, in fact, a comon suggestion conceming this wnit. However t
also must be stated that, during the study, there was simply not enough time to
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thoraughly familiarize the pilots with all aspects of each unit. Tt is possible that,
given a great deal more time and practice towards learming the wnits, the pilots
would have performed better. That said, should it really be necessary to be
thoraughly familiar with the interface of a particular GPS wnit to enable ae to
perform a comon function like loading an instrument approach? Many pilots
who must oonstantly switch between aircraft (and thus GPS units) in say, a
flight training ewvirament, may not believe so.

With respect to improvements to existing GPS units in general, nost of the
pilots indicated, an the research survey, that they would like to see an “undo”
button an a GPS interface. Such a button would “undo” the last function per-
formed, operating similarly to the “undo” finction on meny word processing
applications foud today . The selection of such a button is not surprising given
the fact that mery pilots are already familiar with and aporeciate the use of such
a function in their persawl carputers ard would thus like to be afforded the
same cowvenience an a GPS interface. This would, indeed, be very helpful by
eliminating the need for the pilot to perform mery steps (button pushes) just to
retum to the previcus screen (Heran et al., 1997). The availability of such a
feature on the GPS interfaces used in this study may have produced different
results.

The relatively low melfunction detection rates produced by the IPC (59.76%)
and CFT (47.65%) pilots during the VER scenario could quite possibly have been
the result of the relatively high workload levels experienced by the pilots. While
the exact cause ocould not be determined, these low detection rates are indica-
tive of poor situation awareness and also could have been a function of the
deficiency in scan pattems adopted by the pilots (egpecially the CFT pilcts, wo
detected less then half of the melfunctions) .

Firally, although none of the pilots had any previous fomel GPS training,
sare of the pilots actually stated that they felt that formel corsework an the
subject would have inmproved their perfomence. This illustrated the (perceived)
importance of such training to pilots. However, the actual benefits gained may
deperd an the nature of the curriculum in terms of what is actually covered and
how carprehensive the training is.

Conclusion and Recommendations

We have fourd that, for the given VER scenario, both of the GPS interfaces
(the Garmin 530 ard the Bendix/King KIN 89B) used in this study affected pilot
performence similarly with respect to task corpletion times and mean tracking
error saores produced. Thus neither interface was superior based an pilct perfor-
mance on the VFR scenario. However, for the IFR scenario, ae interface was
clearly superior from a usability standpoint, at least in sare regpects. This can
e deduced fram the fact that, with respect to this scenario, pilots generally
performed better when using the Garmin 530 interface than they did when using
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the Bendix/King KIN 89B. They carpleted the given tasks more rapidly on the
Gammin 530 interface, and additiamally, performed even better an the tracking
task while using this interface. Also, for the TFR scenario, the Garmin 530 inter-
face was foud to be the less “frustrating” interface.

In coclusion, the results of this study indicated that, while the Garmin 530
interface was the superior interface for the IFR scanario, it wes actually ro
better than the Bendix/King KIN 89B for the VFR scenario.

Recommendations

With the increased reliance of the aviation industry on GPS tedmology aares
the need for establishment of apporopriate guidelines pertaining to interface de-
sign. Such guidelines will ke inportant in designing interfaces that will provide
pilots with safe ard effective tools far aerial naviggtion.

This section contains pertinent recommendations for cockpit-mounted GPS
interface design based an the literature review, the research survey data, ard
the study firdings. It is expected tlhet the FAA, GPS manufacturers, and de-
signers will be able to adapt these recomendations when developing the nec-

Recommendation 1

The first recomendation pertains to the screen of the GBS wnit. The screen
is a very important agpect of a GBS interface. It aurrrently represents the major
method, ard saretimes the anly method, of presenting useful data to the pilot.
Thus, it is recommended that the screen be large enough that necessary infor-
mation can be displayed in a clear uncluttered mamer, yet it ghould ot ke so
large as to require a great deal of penel space. Survey respandents indicated
that they appreciated the size of the screen on the Garmin 530. Thus, the size
of the Garmin 530 screen nmay serve as a suitable exanple for future units.

Recommendation 2

The second recomendation pertains to the information presented on the
screen. Too much data provided can overwhelm the pilot ard yet too little can
insticate endless searches for desperately needed information. For instance,
when a pilct initiates a direct-to functiom to a partiaular airport, he/she nay
prefer to inmediately be presented with the distance to the airport, the GPS
course to the airport, the estimated time enroute, and so an. Other pilots may
have their omn preferences aonceming the type and amount of information that
should ke displayed. So, to allow for varying pilot needs, a partially program-
meble interface (with a reasandble set of default settings) would ke useful to
allow pilcts to select the kird of infametio that should ke instantly available an
the screen ance a particular function has been activated. ZAn adaptive interface
also may be useful, with the interface designed to provide aporaoriate important
informetion such as, the mode of flight (emroute, cruise, agoroech, etc.). Also
important is how the informmation is presented; a lack of aolor, use of inggoroord -
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ate aolars, ard use of usuitable faits ard fait sizes can cotrilbure to difficulty
in reading the display, requiring the pilot to strain to dotain needed data. Due
omsideration also must be given to the meru structure of the unit. Required
merus should be readily available and navigation to those merus should be
Imuitive. 2ditiaelly, any arrunciators should be appropriately positioned an
the display and distinguishable from the kadkground so as to “grab” the atten-
tion of the pilot. Perhaps auditory amunciators also could be used to take
advantage of the auditory charmel available. These inprovements could greatly
enhance existing units. Thus, it is recomended that these factors be adequately
oonsidered when determining information presentation format.

Recommendation 3

The third recomendation pertains to the imput method used for data entry
into the GBS wnit. Given the finding indicating that neny pilots felt that the use
of a scroll kndo for data entry is not very efficient, it is recomanded that alter-
native irput methods be sought so as to decrease the reliance an the scroll
kndb. Sare possible altermatives suggested previcusly are: use of keyboards,
touch-screens, or keypads (with keyboards or keypad designs allowing for a
fold-in capability so as to allow for meximum display space) . However, de
omsideration also must be provided to the nature of the envirament in which
the systam shall be placed. This requires consideration of such factors as lim-
ited space available in a codkpit area or parel, key spacing given the possibility
of turoulence-induced keystrike errors, key illumination for nighttime use, ard
0 a. Another possible altermative irput method could be a voice-controlled
systam incorporated within the GPS interface itself to allow “hards-free” cpera-
tim of the wit. Arratly, this tedmology has been applied successfully within
the automdbile industry where high-technology GPS devices containing such
featires (e.g. the Piaeer AVIC-650 VT GPS) may be found in some luxury
vehicles. However, adgptation of this tedrolagy for the aviation industry, whiile
quite possible, presents a few dhallenges. Factors to be ansidered are: noise
levels prevalat in typical sirgle-engire ard twin-egine propeller-driven aircraft,
the amount of training required for the unit to accurately recognize user com-
mands, how to activate the system to accept voice commands, and so on. A
possible means of activating such a system only when necessary might be
incorporating a separate microphone button anto the aircraft yoke but desig-
nated for comunication to the GPS only.

Recommendation 4

The fourth recamendation pertains to the buttans available an the interface.
The runber of buttans should be neither excessive, such as the spacing of the
buttans induces keystrike errors, nor so few buttans with miltiple fuinctions that
undue load is placed on the memory of the gperator. If miltiple functias are
necessary for certain buttans, the labeling should be clear ard intuitive. Also,
certain buttans such as “nearest,” “approach,” and “undd” could possibly be
adopted as standard buttons on every cockpit-mounted GPS interface. Stan-
dardization would allow pilots to perform certain typically used function an a
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GPS wnit even though they may not e intinately familiar with the unit. A “nesr-
est” finction hutton would ensble the pilct to instantly fird the nearest airports,
fixes, ard navaids. An “apgoroadh” button would allow a pilot to instantly call up
an apprcach, ard an “undo” button would allow a pilot to “undo” the last finction
performed, helping the pilot recover fram inadvertent mistakes. The “nearest”
and “approach” buttons are ones that are comonly used by pilots and the
“undo” utton is expected to be highly useful according to this study . Therefore,
it is recomended that these factors be adequately considered when determin-
ing how marty buttons should appear on en interface and which buttons ought to
e designated as standard buttons on every interface.

Recommendation 5

The fimal recomendation concems the need for pilot training with regpect to
GPS use. While the results of this study indicated that the more experienced
pilots were able to adapt more easily to a switch between two vastly different
interfaces, this should not be interpreted to mean that flight experience level
alane determines how well ane will ke able to interact with an interface. In fact,
since mary of the GPS units foud currently are highly complex, a great deal of
formal training may ke required before arty satisfactory interactions mey oocur .
Also, even though GPS marufacturers can attenpt to build safety into their
wmits by reducing head-donn time through intuitive design, pilots must still be
educated about their owmn responsibilities concerming safe GPS use. This in-
volves requiring pilots to undergo an FAA-mandated training program wherein
they leam, amag other requirements: (1) the limitations of GPS units (e.g.,
potential datakbase errors, satellite recsption prdolars, etc.), (2) how to properly
divide attention between the aircraft and the GBS interface, and (3) the need to
e thoroghly familiar with the GPS unit no matter how sinplistic the interface
appears to be. Additiawrlly, pilots should ke able to dannstrate proficiency at
performing typical GPS interaction scenarios such as those provided in this
study, while similtanecusly flying the aircraft ard paying attention to its ewiran-
ment. Tt is expected that these measures will encourage pilots to seek GPS
training pertaining to their o geecific wnits with quelified instructars. This ghall
enhance the level of safety and awareness of those GPS users who take to the
skies.

Limitations ard Areas for Future Research

This study represented an attempt to £ill the present void in the area of GBS
interface desion for the aviation ewirament. While a great deal has been learmed
through this ef fort thus far, meny averues for future exploration have been iden-
tified. For instance, this study compared anly two popular aviation GPS inter-
faces. However, there are mary interfaces aurrrently in existence that have not
been cormpared an the basis of practicality. Fuoare studies of similar design
could canpare multiple GPS wnits (perhaps six or more), and, additionally, te
research setting could be slightly modified such that real GPS interfaces are
used rather than similated interfaces. Furthemore, the soope of this study
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could be expanded in the future to include cognitive ard behavioral task analy-
ses associated with the use of different GPS units.

Tt should be noted that, in general, the use of persaal computers to similate
actual aircraft components ard scenarios (as wes done in this study), while
practical, limits the realism factor experienced by participants. There also is the
additiaal issue of introduction of a potential anfourd to the study (participent
conputer experience levels) . While this was not expected to be a mejor factor
influencing the results, it is noetheless possible that it could have played a
role, however gmall. This should be taken into amsideration in any future stud-
ies using similar apparatus. Further suggested is, for enhanced realism, an
actual aircraft similator be used in any follow-up studies.

Arother area worth exploring is the develogrent and evaluation of the effec-

tiveness of ane or more GPS training program(s), such as a study to conpare a
oontrol group not receiving ary formal GPS training with one or more group (s)
receiving formal GPS training. The most effective program could then e submit-
ted to the FAA for agorovel for use in flidht sdools.

Firelly, a more extensive study, using a survey of thousards of pilots, could
e designed to dotain pilot goinians an GPS interface design. The results could
e tabulated and used to develcp a GPS interface with the most conmonly
requested features. Then, in a study similar to the current ane, the prototype
GPS could be campared with existing units to determine what features do
significantly affect pilot perfamence. Tt is expected that the results could further
lead the aviation industry closer to the elusive “ideal” GPS interface that pro-
vides pilots with the safest ard most effective tool for aerial navigatio.
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Abstract

In this study, two prototype interfaces were developed and tested
for a system called Small Aircraft Maintenance Monitoring System
(SAMMS). The two prototype interfaces, which provided more direct
and detailed information about a failure, were compared to the
current mechanical fault detection system in the Piper Warrior. The
results of this study indicated which one of the prototypes was the
more efficient way to display information generated by SAMMS.
Moreover, results demonstrated that SAMMS improves performance
by reducing diagnosis time of a mechanical failure and increasing
the accuracy of that diagnosis (though not significantly).

Introduction

According to the National Transportation Safety Board anline database, me-
chenical failure is a antributing factor to rumercus general aviation (@) aoci-
dents each year. Mechanical failures are indicated by a fault detection system
that amsists of tlree aminciator lights (“OIL,” “WAC,” and “ALT”), fuel cauges,
oil gauges, and an ammeter.The fault detectio system that notifies the &
pilct of in-fligtt medhenical prdolers is very limited. After conducting informal
interviews with several flight students arnd instructors for backgrord informa-
tion, the following concems were mentioned repeatedly . The primery alert fea-

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-500-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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ture of the system is the set of three aminciator lights. The lights are small ad
poorly illuminated, ard the pilct is not always aware that there is a failure. There
are instrurents (i.e., the oil pressure gage an the Piper Warrdior) that display
incorrect readings. When a failure oocurs, the pilot must diagnose the situation
based on readings from gauges that are known to be faulty and from other
sources such as sords or vibrations. Using this system for fault diagnosis
allows for errors that cause accidents.

A system that provides more direct ard detailed information regarding the
aurrent state of vital systems or caomponents could reduce errors, such as mis-
diagnoses, ard alert the pilot to any potential malfunction. The Health and Us-
age Monitoring System (HUMS) is such a system. Stewart Hughes Ltd. in En-
gland and Teledyne Controls in the United States (U.S.) designed HIMS in
regpanse to concems about heliaopter goerations over the North Sea. Since its
inplementation in 1991, HUMS has improved the safety of helicopter opera-
tions. One lethal accident was prevented when HUMS detected a cracked 10-
mm bolt between the engine and gearbox in a Norwegian Conmercial Chinook
(Marsh, 1996) .

HIMS provides detection, diagnosis, and prognosis information about fail-
ures through the use of sensors (i.e., accelerareters ard chip detectors) lo-
cated throughout the airframe and engine and advanced processors located in
the codkpit interface that generates an cutput to the pilot. The Codition-ased
Maintenance (CBM) philosophy was the theoretical concept behind the HUMS.
The dojective of the (BM philosodhy is to accurately detect the current state of
mechanical systems and accurately predict systems’ remaining useful lives
(Deaton, Glem, & Pogp, 1999) . Maintenance is performed based on the current
cadition of a part or system instead of an an elapsed pericd of time. Operators
are able to perform maintenance as needed to prevent ogperational deficiencies
or failures essentially eliminating costly periodic maintenance ard greatly re-
ducirg the likelihood of machinery failures.

The U.S. Navy has been meking the transition to the CBM philosophy by
incorporating HIMS into selected helioopters after discovering that merty of the
rotor gears being replaced an heliaopters were still good. As pert of its research
program, the Navy has developed and tested an interface called the HUMS
Interface System (HINTS) . HINTS is an electronic knee-board device comected
to the Waming Caution and Advisory cockpit alerting display and the HIMMS
(Glerm, Deaton, Barba, & Popp, 2000) . One Navy study assessed the value that
variaus kinds of informetion have an the ability of the aircrew to menege in-flidht
mechanical faults, demonstrated the HINTS interface concept, and explored its
potential benefits. The canclusians of the study indicated that: (a) HINIS im-
proves fault diagnosis, (b) the analysis information provided by the HINTS was
the most useful portion, (c) HINIS reduced worklosd for sore pilots, ard (d)
hed a neutral or beneficial effect an crew comunication. The overall tane of the
deboriefings was very positive with respect to aivcrew cpinians an the usefulness
of the HINTS (Deaton, Glemm, Popp, Barba, & Bowers, 1998) .
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In this study, the CBM philosophy was applied to GA by developing a hypo-
thetical HIMS-1like system referred to as the Smwll Aircraft Maintenance Moni-
toring System (SAMMS). It has the same operating principles as HIMS and
offers improved fault menagement over the current fault detection system ford
in GA. The idea of applying a system like SAMMS to GA was suggested by
Ritchie (1998) who reconmended redesigning aircraft equipment to incorporate
a aoputer that receives all the imputs that relate to an in-flight mechanical
praolem. The introduction of HIMS to helioogpter cperations in the North Sea
has shown an inprovement in performance and safety.Therefore, the introduc-
tion of SAMMS to GA is expected to have the same effect.

This study was an extension of research performed by the Navy, but instesd
of aheliayter, the Piper Warrior was chosen to represent the typical @ airxaft
as defined by Tumbill (1999) in a Netiael Aeronautics and Space Administra-
tion (NASA) report. The study had two main purposes. First, it determined an
effective way to display information generated by the SAMMS to the GA pilot.
This was achieved by comparing two prototypes of the SAMMS interface
(SAMMS1 and SAMMS2) to each other and to the baseline (the current me-
chanical fault detection system in the Piper Warrior) . Secad, it determined if
the information provided by the SAMMS inproved performence by reducing the
time it takes to diagnose an in-flight medhanical failure ard increasing the acou-
racy of that diagnosis.

Method

There were two main parts to this study.The first part irmvolved the use of a
questiaraire that inquired ebout the pilot’s experience with in-flight mechanical
failures in the Piper Warrar . The questiamaire also provided informetion that
introduced SAMMS and its capabilities. The second part irwolved the use of a
conputer program that compared three displays: the current fault detection
system in the Piper Warrior as the baseline and two prototypes interfaces
(SAMMS1 and SAMMS?2) .

Part One — The Questiommaire

Participants

Sixty-two participants (24 flight instructars ard 38 flidght stdats) filled ark a
three-page questiaraire referred to as Questiareire #1. Of the 62 participants,
five attended a private flight instruction scdol, ard the other 57 participants
were Florida Tech flidht students. All participants were required to hold at least
a prvate pilct’ s license ard have flight experience in the Piper Warriar. The
mesn total flight times for the flight instructors ard the flight students were 545
hours and 208.5 hours, respectively.The mean total flight times an the Piper
Warriar for the flight instructors ard the flidht students were 347 hours (SD =
323.57) and 109.7 hours (SD = 71.44), respectively.

Questionnaire #1
Questiamaire #1 was divided into Parts I and IT. Sare of the questions had
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a rating smle of “Wery Poar” to “Excellat” (1 to5). There were 11 questians in
Part I regerding the mechanical failures experienced by the participents on the
Piper Wamar. Tt also solicited the kind of improvements they would recammend.
The following questions ard rating scale are exanples fram Part I of Question-
reire #1.
@ What are the most comon mechanical failures you have encountered
in flight an the Piper Warrior?
P  How would you rate the current system used to diagnose a mechanical
Very Poor Poor Fair Good Excellent

There were five questions in Part IT that introduced participants to SAMMS,
asked how much information the system should provide and whether the partici-
pants would find the additioal informetion useful. Data fram Questiamaire #1
was used in the development of the display comparison experiment.

Procedure

The questiamaire was distrilbuted in a classroan setting at Florida Tech and
the study and its dojectives were briefly explained to the participents. Those
that volunteered to participete in the secod portion were instructed to write
their names and telephone murbers in the appropriate space on the consent
fam. After the participents uderstood what was expected, they were instructed
to sign the asent form and to begin conpleting the questicmaire. The com-
pleted questiamaire was then collected and participants who agreed to volun-
teer for the secad portion were told that they would be aotacted to schedule a
cavenient time for them to complete the display camparison experiment.

Part Two — Display Comparison Experiment

Participants

Twenty-five participants carpleted the display comparison experinent. Par-
ticipents amsisted of 14 flight students and 11 instructars fram Florida Tech. Al
participants were required to hold a private pilot’s license at a minimum and
have experience flying the Piper Wariar . They also had a broad range of flight
hour experience. The mean total flight times for the flight instructors ard flight
students were 755.5 hours and 130.91 hours, respectively.The mean total flight
times an the Piper Warrior for flight instructors ard flight students were 501.79
hoars (SD = 445.82) and 94.55 hours (SD = 64.13), regpectively.

Apparatus
The display canparison experiment irvolved the use of the following:
a carputer program that presented the three displays,
a damo version of that program,
NASATask Icad Index program (Hart, S. G. & Stavelard, L. E., 1988)
as a measure of workload,
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ard another paper questiamaire for perticipants’ goinians of the dis-
plays.

The computer programs were presented to the participants on a Gateway E-
3100 computer with an Intel Pentium IT processor and a 17-inch Gateway moni-
Tr.

The Display Comparison Program

The Visual Basic 6.0 conpiler kit by Wang (1998) was used to create the
conputer program that presented the three displays. The program incorporated
the three displays (the baseline, SAMMS1, and SAMMS2) in nine fault sce-
rerics. A “fault scaerid’ refers to a sittation irvolving a medenical failure or
melfunction. There were nine fault scenarios, three for each display. Inoorpo-
rated amarg the fault scenarics were false alamms, e.g., the fuel pressure gauge
reading zevo when both fuel tanks are full. The addition of false alarms into the
program increased its realism. The program allowed the order of the displays
ard the order of the nine fault scenarios to be randomized. This helped to re-
duce training or arder effects.

Baseline Scenario 1

Wyhile fiving at nommal cruise speed and altitude in YFR
conditionz, the engine stops nning.

SAMMS1

Master Caution Advisory Panel

[ /EE[ [ ]
[ ]

e

Type response in box below.

Figure 1. Layout of the display comparison program.

Figure 1 shows the basic layout of the program, which is split into four sec-
tions. The kaseline (the current system displayed in a Piper Warrior) is located
in the top left section and wes present throughout the entire program since
SAVMS supplements the current fault detection system rather than replace it.
SAMMS offers the same information as the baseline, but it provides it more
directly by using text instead of instrument readings. SAMMS also provides
additiarl infometio, interprets instrurent readings, and generates a brief sum-
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mery to the pilot (see Pppendix) . SAMMSL (see Figure 2) is in the middle on the
right. SAMMS2 (see Figure 3) is located in the same position as SAMMS1
when it appears in the program. This display configuration allowed for compari-
sons between SAMMS1, SAMMS2, and the baseline. A brief description was
provided for each fault scenario in the top right sectim (see Figure 1). The
program did not have important sound clues, such as engine roughness or stop-
page. When clues were relevant, they were presented in this section. After the
participents determined the cause of the fault, they typed their resposes in the
Iottan section. The "Next” hutton in this sectiom allowed the perticipents to
move to the next scenario.

| SAMMS1

Fuel il Wacuum Hyedraulic

Alternator Battery Instrurent
Check

Carbuetor | Magnetos Engine gl
Controlz

a

— Instrument Check

Guantity

A Panel

(o)

Figure 2. SAMMS1 - (a) MCA panel with instrument check button and (b)
instrument check menu.

Displays. The baseline was a representation of the cockpit instrumentation
system in the Piper Warrior that included the fault detectim system of engine
instruments and arrunciator lights used for fault menagement (see upper left
section of Figure 1) . SAMMS 1 and 2 were prototypes of the SAMMS interface.
SAMMS2 was based on the Navy HINTS prototype and consisted of a series of
buttons with text. The first meru presented was the Master Cauticnary Panel
with buttons that tum red when there was a melfunction (Figure 2a) . It offered
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SAMMS 2

—1IL

Engine-driven Qil Pump Falure

Figure 3. SAMMS2 - (a) Main screen with system buttons and (b)
secandary screen with exact cause of failure.

the option of clicking the “Instrument Gheck” butto to receive more informetion.
The “Instrument Check” button brings up the Instrument Check meru, which
allowed the pilct to click and determine the exact cause of a melfunction (Figure
2b) . SAMMS2 has a background picture of the Piper Warrior with buttons that
tumed red to indicate a failure or a melfunction (Figure 3a) . e a buttan is
clicked, the exact cause appears with a picture of the suspected cormponent
(Figure 3b) . Each display cycled through a series of mechanical fault soenarios,
ard the participants were asked to regspad as if they were in-flight and uder
gpecified coditians.

Demo. The deno was created using Microsoft Visual Basic 6.0. It was a
sinplified version of the program that allowed the participant to see exactly what
the program looked like during the experiment. Tt also allowed for the damon-
stratio of all agpects of the program, ard featured two fault scenarios, ae of
which was a false alarm.

NASA Task Load Index. The NASA Task Icad Index (TIX) is a rating proce-
dure that provides subjective workload scores based an an average of ratings an
six different subscales. The NASA TIX version 1.0 appeared as a simple pro-
gram in which the participents entered their subject ID and then used the mouse
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to click alayg a rating scale to indicate their worklosd level for each subscale.
For the purpose of this study, anly four of the six subscales were used: mental
demerd, effort, frustration level, and performence. The physical and temporal
subscales were excluded because the experiment did not require any physical
exarsion or caladlation o the part of the perticipent. The mental demand,
effort, ard frustration subscales have a range of -1 to 19 (low to hicgh). The
performance subscale ranged from good to poor (-1 to 19) but was recoded to
so that good = 19 and poor = 1. The scores from the four categories were also
averaged to give each participant an overall workload score.

Questicmaire #2

Questiomaire #2 wes a paper questicomaire consisting of nine questions
used to dotain subjective ratings of the three displays (baseline, SAMMSL, ard
SAWMS2) after the participants completed the program. The participants were
asked to rate each display in three categories: (1) understandability, (2) usshil-
1y, ad (3) an owerall ratirg. The rating scale was from “ery poor” (with a value
of 1), to “exxellat” (with a value of 5). The ratings for the three categories were
averaged to provide a score for each participant for each display.The results
helped to determine which of the two prototypes (SAMMS1 and SAMMS2) the
participants thought best displayed the additianal fault informetion.

Procedure

The experiment began by having the participents sit in front of a computer an
which the program was installed. Pictures of the three displays were next to the
aoputer ard the definitians of fault scenario, mechenical failure, arnd false
alamm were posted on the wall above the monitor . The pictures of the displays
aided in describing what the study would irwvolve and served as a reminder of
how each display looked when the subjects completed the NASA TIX. All the
participants were given the same set of instructions. Each display was ex-
plained, with the aid of the damo, allowing the participant to use the mouse to
click on the program and go through the menus of SAMMS1 and SAMMS2. To
assess that participants fully understood how to use the program, they were
asked a series of questians by the researcher .After the participants fully uder-
stood how to use the program, they were asked to begin the program.

The program presented the participants with nine fault scenarios, three for
each display.They were instructed to lock at the displays and determine the
cause of failure in each scarario. After each scarario, they entered their re-
spanse in the box provided at the bottom of the screen. Once the participants
campleted the program, they were shown how to use the NASA TIX. Each
participant cycled through the NASA TIX three times, ance for each display.
The participants then were asked to carplete Questiamaire #2. After complet-
ing Questiamaire #2, they were asked if they had any questions. The researcher
was always present during the experiment.
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Data Collection

The program included a timer that recorded the amount of time needed to
assess the cause of a fault scenario. This was referred to as “diagnosis time”
which began when each scenario was displayed and ended when the partici-
pant clicked the “Next” button to move to the next scenario. The time used by
participants to type their responses was included since many participants also
seened to use this time to assess the cause of the failure. The program was
also designed to save the respanses typed by the participants in a database
file. The participants’ responses to the scenarios were reviewed to determine
accuracy and diagnosis time for each display.

Statistical Design

Independent variables consisted of the displays (baseline, SAMMS1, and
SAWS2) ard experience (flight instructors and flight students). The depen-
dent variables assessed included diagnosis time and accuracy with a comt of
“1" for correct and “0” for incorrect assigned based an the text irput. The vard-
ables were organized in a 3 x 2 mixed model ANOVA desion metrix with dis-
plays as the within subjects variable and experience as the between subjects
varigble. Two AN O VAs were conducted, ane for each dependent variable (diag-
nosis time arnd accuracy) . All mumerical data were analyzed using SPSS 10.1
(SPSS Inc., 2002) for Windows.

The accuracy and diagnosis time data were stored in an Excel spreadsheet.
For each display, there were three fault scerarics. Therefore, there were 18
regpanses per participant (9 accuracy and 9 diagnosis time responses) . Each
correct response was counted as one, for a meximum score of nine for each

EBItlclm‘ i ]t-
Results
Part One - The Questiommaire

Magneto failure was the most common mechanical failure experienced by
pilots during flight. Megneto ard altermmator failures acoounted for 49 percent of
the comon mechanical failures experienced on the Piper Warriar (see Appen-
dix) . The remaining seven failures, accounted for 51 percent of the camon
mechenical failures. Forty-two of 62 participants rated the arrent fault detec-
tion system in the Piper Warriar as fair. Most of the participents indicated they
thought the system should be improved. The most common improvements sug-
gested by participants were more amrunciator lights and an increase in the
reliability/acauracy of the engine instrunents.

Twenty-three flight students ard 13 flight instructors rated the amrent sys-
tem as fair (see Appendix) . The results also indicated how much information the
participants thought the SAMMS should provide (see Appendix). Twenty-five
flight students ard 17 flight instructors selected the “min plus” gotian, which
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means the SAMMS should provide minimum required information with the op-
tion of clicking for more details. SAMMS1, which was based on the Navy’s
HINTS, would be an example of an interface displaying a “min plus” amount of
infometion. Tn addition, all the perticipants indicated thet they thought the infor-
mation provided by SAMMS would be very useful.

Part 2 - The Display Comparison

A 3 x2mixed model ANOVA (three digplays ard two experience levels) was
used to analyze the diagnosis time ard accuracy data (alpha level = 0.05). A
Geisser-Greenhouse correction wes used to correct for violatians of the spheric-
ity assuption.

A significant difference between experience levels in the diagnosis tine data
was fourd (F (1, 23) =5.33, p = .03) . The weans ard standard deviatians for the
diagnosis tine data are indicated regpectively in Table 1. Flidht instructars diag-
nosed failures more rapidly than students did. This was expected since the
instructors in this study had agoradmetely three times the total flight hours
(particularly flight hours an the Piper Warriar) as the flight students. Conse-
quently, this extra experience may explain their abilities to ddagnose failures
more quickly.

Table 1.
Means and SDs for Diagnosis Time Data in Seconds

Baseline SDs SAMMSI1 SDs SAMMS2 SDs Cum. Cum.

Means SD
FI 36.60 (14.36) 29.12 (7.36) 34.69 (10.73)| 33.47 (8.00)
FS 43.88 (15.58) 41.97 (13.41) 45.12 (17.63) | 43.66 | (13.87)
Cum. 39.80 34.77 39.28
Means
Cum. (15.66) (12.51) (15.41)
SD

There was 1o significant difference in diagnosis time between the displays (F
(2, 46) = 1.4, p = .23). However, this mm-significance is very inportant. Tt
shows, even with the addition of the new SAMMS interface to the diagnosis
process, that it did not take a lager time to interpret the cause of the failures.
The participants had only a brief experience with the two SAMMS prototypes,
ard yet did as well as with the baseline, which is certainly more familiar given
that they would have used such a display when flying. With more time to prac-
tice, they may have done better with SAMMS.

There was no significant interaction effect for diagnosis time noted between
the displays ard experience levels (F <1).

Zralysis of the accuracy data indicated there was no significant difference
between experience levels (F < 1). The means and standard deviations for the
acauracy data are indicated respectively in Teable 2. This was surprising since
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the flight instructors were nore experienced. Close doservarian of Table 2 showed
that there was a relatively large difference between instructors and students for
SAMMS1. However, thisdif ference was not significant and should be interpreted
cautiously.

Table 2.
Means and SDs for Accuracy Data

Baseline SDs SAMMSI1 SDs SAMMS2 SDs Cum. Cum.

Means SD
FI 1.71 (0.79) 2.93 (0.26) 2.64 (0.48) 2.43 (0.40)
FS 2.00 (0.60) 2.55 (0.66) 2.73 (0.45) 2.42 (0.54)
Cum. 1.84 2.76 2.68
Means
Cum. (0.75) (0.52) (0.48)
SD

M eans forAccuracy
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Figure 4. Accuracy means for experience levels and displays.

There was a significant difference in the participants’ accuracy between the
displays (F (2, 46) = 31.05, p < .05). There also was a significent interaction
between the displays and experience levels (F (2, 46) =3.75, p < .03) for the
accuracy data (see Figure 4) . Further post hoc paired comparisons were made
to determine differences between the cell means given the significant interac-
tion. The analysis required an adjustment for the nine sinple effect carpari-
sons by cormputing unique mean square error terms when comparing the dis-
plays. A Bonferroni type correction was used to determine which of the nine-
paired carparisans were significant. This correction used a new alpha level that
was dotained by dividing the original alpha level by the runber of carparismns
(.05/9 = .00556) . Results of that aralysis indicated that the baselire differed
significantly from SAMMSL and SAMMS2 among flight instructors (the baseline
has a lower accuracy soore) . The baseline also was significantly different fram
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SAVWMS2 among flight students (again the baseline has a lower accuracy score)
while no other paired carparisons were significant. It is interesting to note that
whereas students and instructors perform similarly on SAMMS2, instructors
perform better than students on SAMMS1 do (see Figure 4) . It would seem that
instructors responded well to the organized layout of SAMMS1 and students
responded well to the simplicity of SAMMS2.

There were significant differences in the accuracy data between the baseline
and the two SAMMS prototypes. SAMMS1 and SAMMS2 provided the partici-
pent with the exact cause of the fault scenarios. The participant had anly to
click the aporooriate buttan, which wes clearly indicated an the display. The
kaseline, an the other hard, anly provided instrument readings, which had to be
interpreted. The baseline was a representation of the cocdkpit instrurentation
system of a Piper Warriar .There was more than one instrument to be checked,
ard therefore, variocus readings to interpret. If sarething was missed, then an
incorrect conclusion may have been drawn. Having the two SAMMS prototypes
as supplemental systems significantly decreased the amount of false diagnoses.
It also should be noted that the mean accuracy for SAMMS1 wes the highest.

The results from the NASA TIX indicated the amount of workload experi-
enced by the participants while using each display. Figure 5 shows the mean
workloed ratings (mental daverd, effort, frustration, and performence) for the
baseline, SAMMS1, and SAMMS2. This figure illustrates that participents ex-
perienced the higher levels of mental demerd, effort, and frustration when they
used the baseline than with SAMMSL and SAMMS2. It also illustrates that
participants felt they performed better with SAMMS1 and SAMMS2 than with
the baselire.

M ean W orkbad Ratings forthe Displays

—4€—Baselhe —@—SAMMS1 SAMM S2

18

16
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g o
: N7

W orkload Ratings

o N OB~ O

Mental Efort Frustatbn Perfom ance

Subscales

Figure 5. Mean workload ratings for the displays dbtained from the NASA
TLX.
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The means of the workload scores for the baseline, SAMMS1 and SAMMS2
were 11.2 (SD =2.39), 7.58 (SD =2.22), and 6.61 (SD =2.00), regpectively.A
sirgle factar ANO VA was used to analyze the overall workload scores (alpha
level = .05) . There was a significant difference ketween the displays (F (2,72) =
29.91, p = .001). Further post hoc paired comparisans revealed that there was a
significant difference between the baseline and SAMMS1 (SAMMS1 had the
lower workload score) and between the baseline and SAMMS2 (SAMMS2 had
to lower workload score) . There was no significant difference between SAMMS1
and SAMMS2.

Rating M eans ofDisplays from Quest. #2

‘—Q—Baselhe —#— SAMMS1 SAMMS2 ‘
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Figure 6. Rating means for each display dotained from Questicrmaire #2.

In Questiaraire #2, the participants were asked to rate each display in three
categories (uderstandability, vsdility, ad an overall ratirg) . The rating means
for each display in the three categories are shown in Figure 6. The baseline has
the lowest ratings while SAMMS2 has the highest rating.

The ratings for the three categories were averaged to give each participant a
saore. The scores were analyzed using a single factor ANOVA (@lgn lewel =
.05). The means and standard deviations for the baseline, SAMMS1, and
SAMMS2 were 3.87 (SD =0.71), 4.25 (SD =0.85, ard 4.41 (SD =0.52), re-
gpectively . There was a significant dif ference between the displays (F (2, 72) =
3.93, p = .02). Further post hoc paired canparison determined that there was
1o significant difference between the displays. Conparism between the baseline
and SAMMS revealed a dif ference of .54 (Tukey’'s HSD = .59).

Even though participents felt that they experienced less workloed, performed
better, and preferred the SAMMS2, their performance (diagnosis time and accu-
racy) using SAMMS1 was better. Many participants said that they preferred the
simplicity of SAMMS2. With this digplay, the participants hed anly to click the
highlighted buttan an the main screen to fird aut the exact cause of a failure.
With SAMMS1, the participants had to go from the main menu to a second
mern, ard then to a third window that stated the cause of the failure. Sare
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participants stated that they preferred SAMVS] because the buttans were larger
and more organized than the buttons on SAMMS2 (see Figure 3) .

Limitations and Recommendations

Based o the results of this study, it is recomended that future research an
this topic use a flight similator that is fully integrated with a functical SAWVS.
The display canparison program was limited because it did not demonstrate all
the capebilities of the SAMMS. Therefore, sore of the beneficial features of the
SAMMS, such as prognosis, could not be tested. Prognosis would have permit-
ted participants to assess time to failure or at least provided a measure of
adtiality .Another untested feature of the SAMMS is de-cluttered mode, which
gives the pilot the capability to custamize the amont ard types of informetion
presented. With the SIS interface, the pilot will have the ability to tum "W
or “OFF” the sourd finction or select the “min” option, in which anly the cause
of an impending failure is displayed. In addition, the aemergency procedure check-
list for the aircraft can be integrated into the SAMVS interface and displayed to
the pilot during a failure. This additicwl feature of SAMMS would provide an
electronic means to rapidly display critical erergency procedures that may not
e recalled given the stress experienced during the emergency.

Tt also is recamended that future research omsist of a sanple that better
represents the G population of pilots. The selection of perticipants was based
on cavenience and not randomly selected. The pilots in the display conpari-
s experiment were all flight instructars ard flight students affiliated with a
oollece flight program. Pilots that have not taken a class in the past two years ar
pilots that fly anly occasiaelly were not represented.

Discussion

The more effective interface for displaying information presented by SAMVIS
to the G pilot was assessed by farr factors (diagnosis time, acaracy, workleed,
and participent rating) . Diagnosis time and accuracy, which were dotained from
the display carnparison experiment, are dojective measurements. Workload and
participant rating, which were dotained fram the NASA TIX ard a questiamaire,
are subjective measurements. Even though participants felt that they experi-
enced less workload, performed better, and gave a higher rating to SAMMS2,
their performances (diagnosis time and accuracy) were better when they used
SAMMS1. In this study, the performence data (diagnosis time and accuracy)
was used as the deciding factor . Therefore, SAMMS] is considered the more
effective of the two SAMMS prototype interfaces. The results of this study also
indicated that SAMMS significantly improved accuracy of fault diagnoses while
decreasing diagnosis time (though not significantly), and with relatively low lev-
els of workload.

These results are similar to the results of the Navy’s research. Like the Navy’'s
HINTS, the SAMMS information is considered very useful as indicated by the
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participants ard as doserved in the decrease in diagnosis tine ard the increase
in accuracy .The SAMMS also reduced overall workload. The overall tae of the
responses from participants was very positive with respect to the utility and
usefulness of SAMMS.
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Figure A1. Most comon failures experienced in-flight on the Piper Warrior
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Figure A2. Participant’s rating of the arrent fault detection system an the
Piper Waiar.
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Comparison between the Features of the Baseline and SAMMS

Features

Baseline

SAMMS1&?2

Suggested
Features*

Instrument Readings

X

Text

Color

Advisory Warning

Cause of Failure

Affect on Aircraft Performance

Affect on other systems

EGT

IR IR IR IR I

Hydraulic Press. Gauge

Ammeter

Status of Carburetor

Status of Magnetos

Integrity of Flight Controls

TR TR R A A R I R I el Il e

Integrity of Landing Gear

Emergency Procedures

Note. The "X indicates that the display has that particular feature.

* These are features participants would like to be incorporated into SAMMS.
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Abstract

The effects of high G on humans include: G-induced Loss of Con-
sciousness (G-LOC), neck injury, vibration effects, reach envelope
reduction, vestibular illusions, and inadvertent control activations.
G-LOC has been experienced by about 20% of fighter pilots world-
wide. Its physiology, symptoms, causal factors, and countermea-
sures, drawn from either in-flight incidents or centrifuge studies,
are summarized in this paper. Neck injury, especially associated
with placement of the head off center, is summarized. The effects
of vibration on auditory and tactile perception are quantified and
presented in figure format. Reduction in reach envelope also is
quantified. Vestibular illusions and inadvertent control activations
are described. A glossary and an extensive reference list are pre-
sented.

The Effects of High-G Eviroments on Humans

There are effects of high G on humans: G-induced ILoss of Consciocusness
(G-LQ), neck injury, vibatim ef fects, reach ewelqoe rediction, vestibular illu-
sians, ard inedvertent cotrol activatians. All these are described in greater
Cetail kelow.

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-500-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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G-IOC (+G-induced Loss of Consciousness)

G-LOC is not a new phenomenon (Kerr & Russell, 1944)1', rnor is it an uncan
mon phenomenon. G-LOC has been experienced by about 30% of all F-16
pilots (Pluta, 1984); about 14% of all United States (U. S.) Navy pilots (Jdhensm
& Terry, 1986); about 17% of all Navy back/side seaters (Johanson & Pheeny,
1988) ; about 19% of all Royal Air Face (R. A. F.) pilots (Pdar, 1987) ; and 103 of
all Brazilian Air Force pilots @lvim, 1995). The mejority (63.3%) of reports of G-
I0C in the R. A. F. imvolved pilots who were ot aattrolling the aircraft at the time
G-LOC was experienced (Prior, 1987). In the 1980s, two G-LOC episodes oc-
arred in U. S. Air Force uwdergraduate pilot training every month (Whirmery,
Glaister, & Burtan, 1987).

The occurrence of G-LOC is directly related to brain axygen levels. Oxygen
is delivered to the krain via blood. The hydrostatic aolum of blaod fram the heart
to eye level is approximately 30 cm long and weighs 22 mm Hg under 1 g
conditions. When the heart carmot purp blood at a pressure of at least 22-tm
Hg, G-LOC can occur. Since the brain maintains about a 5-second (s) axygen
reserve, pilots can 9o to very high-G levels without inourring G-IOC, but anly if
total time under high g is less than 5s (Gaines, 1987) or they are wearing blood
pressure enhancing personal equiprent. “During +Gz accelerations, blood is
lost from the cortical aress of the brain first, followed by the cantral brain tissue,
then ultimately the area of the brain stem. When +Gz accelerations cease or
are reduced, the progression is reversed” (McCloskey,Tripp, Chelette, & Bop-
per, 1992, p. 410). Transcutaneous Doppler ultrasonic flowmeter monitoring
temporal arterial blood flow velocity has sugported this finding (Rositano, 1980) 2.

There are three types of synmptoms that occur with the exposure to G accel-
erations. The first is visio deficiencies. With moderate G anset rates, visual
symptarns include tumel vision and wequal peripheral light loss (Popper &
Tripo, 1991), loss of perigheral vision (White, 1960 *; Chambers & Hitchcock,
1963; Alvim, 1985; Albery, Jamings, Roark, Frazier, & Ratino, 1985 *), aswell as
grey outs and/or blackouts (Yilmez, Cetinguc, & 2Zkin, 1999) °. These visual
symptoms may be dependent on the preceding G experience as indicated in
Table 1. Rrther, during meneuvers that result in the eyes beirng at dif ferent
levels within +Gz field, visim is affected first in the eye located higher in the +Gz
field (Whirmery, 1991).

1 Centrifuge data from 5544 runs on 542 aircrew trainees and 13 subjects over 16 flights.
2 Centrifuge data from 24 subjects with no previocus centrifuge experience.

3 Centrifuge data from 1 experienced subject exposed to 1 to 4 +G, with an anset rate of 1
G/1.5 s.

4 Centrifuge data from 14 male subjects exposed to 0.45 to 2.875 Gz/é

5 95.7% of 325 Turkish jet pilots surveyed reported greyout and/or blackout.
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Table 1
Subjects’ reported incidents of visual light loss during 15-s exposure to +2.25
G after exposure to varying levels of Gz

+1G, 2s-2 5s-2 15s 2

(conto)) Gy G, G, Total
Lihtbss 0 1 2 4 7
No lghtbss 12 5 4 2 23
Total 12 6 6 6 30

(Banks, Grissett, Saunders, & Mateczun, 1995, p. 726)

Contrast required to detect differences increases in luminences increases
with G (see Table 2). With high-G onset rates, there may be no visual symp-
tams prior to black cut (Gillingham & Fosdick, 1988) .

Table 2
Brightness Discrimination Thresholds
D Iecton of LevelofAccelkmtbon
Accekrmatbn Background Lum hance h f£. T

3120 2.90 029 0.03

(Braunstein & White, 1962, p. 932)

The second G-LOC symptom is incapacitation. Once G-LOC has occurred,
the average incapacitation is 15 s ut differs between types I ard IT G-LOC (see
Tadle 3). Type I G-LOC is defined as “short direction and lack of cawulsive
ativity, while Type IT G-IOC is defined as “lager duration with cawulsive activ-
ity” (Whimery & Burton, 1987, p. 469). For type I G-IOC, the pilct is unon-
scious but not moving; for type IT G-IOC, the pilot exhibits clonic movements,
dreaming (Forster & Whimnery, 1988), ard cawmulsians (Firth, 1993). Flailing
behavior associated with Type IT G-LOC may be associated with longer inca-
pacitatio times (see Table 4). Firelly, the vast majority of G-IOC episodes are
associated with stick release (Whirmery, 1986).

Table 3
Incapacitation Time as a Function of Type G-LOC
Type Absolite Rehtie hcapaciaton Totlhcapaciaton ()
GI0C Thcapaciaton 6) )
I 149 133 282
iy 204 173 373

(Whimmery & Burton, 1987)°

6 Centrifuge data fram healthy Air Force persamel.
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Table 4
Incapacitation Time as a Function of Occurrence of Flail Behavior

Fhi Non-Fhi Adcrew Non-Ajcrew
G10C 81 73 - -
Absolite 204 149 - -
Total audiory) 373 282 31.7 293
Total Viual 366 288 293 363
Rehtive @udiony) 173 133 - -
Rehtive frsual 166 140 - -

(Whinnery, Burtan, Boll, & BEddy, 1987, pp. 634-635)

The third symptom is retrograde amesia. Specifically, following incaeacita-
tion, retrograde amesia occurs for another 10 s. Burtan (1988) reported that
50% of subjects do not remember the G-LOC event.

Of great interest to the military aviation cammnity is the assessment of the
e fect of G-IOC an flying performence. To assess this ef fect, a nunber of stud-
ies were conducted in centrifuges with laboratory tasks being used as surrogate
flight tasks. The laboratory task that frequently studied wes tradking because it
is a surrogpte for meral aotrol of the aircraft. Tradking ervor increases with
higher exposures to G. For exanple, Frazier, Repperger,Toth, and Skowronski
(1982) " reported that tradking error was significantly greater at +5 Gz than at +1
Gz. The error was exacerbated when Gy wes +/- 1 ar +/- 2. This significant
difference may be due to decreased pilot gain and decreased gpen-locp system
crossover frequency, i.e., “getting behird the aircraft” (Sof £ & Dolkas, 1967) °.
There is also an increase in throttle pointing bias (pitch down) from 4 to 6 +Gz.
The bias is greater for rapid movements than for steady-state movements (Van
Patten, Repperger, Hidso, & Frazier, 1983)°.

The tracking error may e due to central hypaxia and G loading an the vesti-
bular system (Cheung & Hofer, 1999) .

In addition to tracking, detection tasks have been used as surrogates for
flying tasks related to target and threat detectiom as well as detecting changes
in aircraft state. Reaction time to either light ar soud stimili significantly in-
creases as +Gz increases (see Table 5). Other perceptual tasks have been
used as well. For exanple, Frazier, Repperger, and Pogoer (1990) reported that
peroeived duration is significantly shorter then actual duration of exposure to +8
G z for duwatians equal to or greater than 16 secads. Also the aoility to dis-
criminate mass (105, 110, 115, 120, and 125 g) degrades as Gz increases from

4 Gz (Darwood, Repperger, & Goodyear, 1991) **.

7 Centrifuge data from 8 Air Force persamel.

8 Centrifuge data from four humen subjects.

9 Centrifuge data fram AFTI/F-16 project test pilots subjected to 1 to 6 4G,
10" Gentrifuge data from 2 female and 9 male subjects.

11 Centrifuge data from 9 male and 1 female Air Force of ficer
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Table 5 .
Reaction Time to Light

G Level Lght Sound
X SD X SD
1 1229 0107 1.006 0134
3 1289 0125 1061 0123
5 1327 0106 1131 0163

Cognitive task performence also is degraded as a function of 4Gz (Cham-
bers, 1963; Chambers & Hitchcock, 1963; Rogers, Ashare, Smiles, Frazier,
Skowronski, & Holden, 1973; Piranian, 1974%%; Whimmery & Staf fstall, 1979;
Albery, 1988*). However, advanced protection systems enable pilots to main-
tain coonitive functicning® .

Firally, performance decrenents may linger long after the G exposure. G-
IOC aftereffects have included irability to takeoff, perform coordinated tums,
and land*. In addition, Forster and Canmarcota (1993) ¥ reported significantly
lager times to trim an aircraft after G-IOC (11.5 s) then before (7.7 s). How-
ever, tine to acquire an aivbome tarcet was rot significantly dif ferent before G-
IOC (67.5 s) and cne mimite after G-IOC (66.3 s), yet Paul (1996) reported
performance decraments in a flight similator after 4G exposure in a centrifuge
in anly ae pilot. This pilot stalled and spun in an takeoff. Post G-LOC synp-
tans are presented in Table 6. The data are from Brazilian Air Fore pilots’
questiamaire respanses.

Table 6
Post-G-LOC Symptoms
Symptom s N Repous fiom 193 Pibts
Dream -lke State 5
Dream -lke State & Psychom otor hcoordhaton 10
Dream -lke State & Num bness 1
P sychom otor hcoordhaton 1
Scotom a 2
Scotom a & TunnelVisbn & In paied Hearng 1
(Alvim, 1995) ©

12" centrifuge data from 16 students.

13 Centrifuge data from 11 naval test pilots exposed to up to +5 G,

14 Centrifuge data from 9 male subjects exposed to 2.75 or 3.75 G, for 60 seconds.

15 Centrifuge data from volunteers exposed to altermating +5Gz to +9Gz peaks with 5 sec
platesus until peripheral light loss or extaustion.

16 gimilator data immediately after exposure to GOR (0.1 G/sec), ROR (mex cnset from 1.4
G), 6 G with G-suit inflation or 5 G without, 8 G with or 7 G without, Simulated Air
Combat Meneuver with 7, 8, and 9 G peaks over 90 secands. 17 or 29 pilots did not
experience G-LOC and did not show performence decrements. 12 of 29 experienced
G-LOC - 11 of these did not show performance decrements.

17 Gentrifuge data from 7 healthy male naval persamel.

18 Questicmaire data from 193 Brazilian Air Force pilots.

Effects of High-G Environments
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Physiological symptans are listed in Table 7. In addition to these synp-
tams, Berkhout, O'Damell, and Leverett (1973) reported excessive electrical
activity in the areas of the brain associated with nuscle activation' . Tachibana,
Akamatsu, Nakamura, and Yagura (1994) suggested that +Gz induced auto-
nonic inbalance may result in arrhytlmia. Park, Seul, Park, Kim, and Cho
(19%4) reported a significant reduction in plasma atrial netriuretic pesptide (ANP)
ard significant increases in renin aoncentration, heart rate, and blood pressure
after exposure to +6 Gz for 30s%.

Table 7
Number and Type of +G ,-Induced Symptoms
Number of Occurrences Symptom
16 abdom halpaih ]
16 am pah
1 cbnicmovem ents
5 dsorentaton, vertgjo
3 hyperentihton
67 bss of conscbusness
2 bss of conscbusness w th severe convukin
15 neck pain
16 petechilhem onhages
2 scrotalhem atom aAiscom ort

(Whimery & Gillingham, 1983) ~

Hamalainen, Toivakka-Hamalainen, and Kurcnen (1999) reported two cases
in which +Gz may have caused degenerative spinal stenosis of the cervical
spine. Examination of X-rays of the spine of pilots in the Royal Netherlards Air
Force suggested, “that frequent exposure to high +Gz forces might cause pre-
mature degeneration of the spine of F-16 pilots” (Henriksen & Holewijn, 1999,
1057) . However, in respase to a survey, pilats flying hich perfammence jets (F-
15, F-16) did not report higher incidence of chronic spinal synptamns or neck
disease than did aircrews flying nonhigh performence jets (C-9, C-20, C-21, C-
121, C-130, C-141) (Drew, 2000) . Earlier research reported hypaxemia (Barr,
1962) .

Five flight-ervelope parameters determine the anset, duration, and recovery
from GLOC: rate of anset, the megnitude of the +Gz, the offset rate, mmber of

19 Centrifuge data from 8 subjects exposed to 6 45-second +G, exposures with peak
values of 4.5 and +G, within 15 mirutes.

20 Centrifuge data from 7 men and 3 women exposed to up to 8 +G,

21 Centrifuge data over a three-year period at the Air Force School of Aerospace
Medicine based on 544 subjects and 2,066 separate +G, exposures.
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exposures, and preceding exposures. There also are eight non-flight envelope
paraneters that affect G-ILOC: expectation, individual tolerance to +Gz, eye-
heart vertical distance, age, anti-G straining meneuver (AG3M), PPB, G suits,
and head position. One anti-G-LOC technique, use of drugs, has been sug-
gested (Lambert & Wood, 1946) but not implemented.

Rate of Onset of the +Gz

The faster the rate of +Gz anset, the shorter the time to grayout (see Figure
1). The nmore gradual the onset of 4Gz, the langer the incapacitation period
(Whinnery, 1988; also see Table 8 for incapacitation times without comterea-
Sres). A gradual +Gz anset rate results in an increased tolerance of approxi-
mately 1G as compared to a rapid anset rate (Burton, 1986) with an average
df ference of 1.9 +/- 0.7G (Edkelberg, Henry, Maciolek, Salzman, & Zuidema,
1956) 2. Hrebien (1983) developed the following equation to describe +Gz toler-

ance as a function of anset rate: +Gz tolerance = 4.05 + 3.7 (G anset rate) 2.

For exanple, with an on anset rate of +0.1 Gz /s, + Gz tolerance = 4.05 + (3.7
x 0.1) = 7.75 secads. This equation has been expanded into a predictive
model (Moore, Jaron, Hrebien, & Bender, 1993). More recently, Yilnez,
Centinguc, and Akin (1999) concluded “G-LOC seems to be a more common
prdolan for pilots who fly rapid anset rate aircraft then pilots wo fly hich Y&’
capable ut lower G anset rate aircraft” (p.709) .
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Figure 1. Time to Grayout as a Function of G Onset Rate. (Weldo, 1964, p.
35)

22

> Centrifuge data from 32 humen subjects without an anti-G suit in 49 series of runs.

Centrifuge data from 5 humen subjects exposed to ramp onset profiles ranging from
0.1 to 0.5 G/s.

24 gurvey data from 325 Turkish jet pilots and centrifuge data from 486 F-16, 801 F-4,
ard 256 F-5 pilots.
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Table 8
Incapacitation Time as a Function of +Gz Onset Rate

OnsetRate G10C 6) Absolite hcapaciaton  Rehtie hcapaciatin  Toalhcapaciation

+G A ©) ©) 6)
00813 560+/135 1236 +/592 1956 +/-13 66 3192 +/12.70
<0108 40055
01012 1930 1590 3490
01013 550 +/201 767 +/-273 950 +/-4 97 1717 +/-3 60
02010 430
03010 300
05010 330

< 07011 11.00 © 1500 1750 t© 2200 3400 © 36 50

510012 1220 1240 24 80

1007 540+/035

14010 610
16011 950 ©11.00 11.75 © 14 .00 2000t©24 00
23010 8.00
31013 824 +/-148 759 +/-314 540 +/-338 1320+/436
37010 11.00
37913 866 +/-063 1047 +/3 00 14 40 +/~10 05 2504 +/-1013
60010 15.00
73010 16 50

(Burton & Shaffst;a]l, ]98025,- H%rdjng & Bomar, 1922026,- Parkhirst, Leverett, &
7

Shub]g?oks, 1972 ; Swoll, 1956 ; Wl'}]f'nnery, 1990 ; Whimmery & Burton,

1987 i Whinnery & Whinnery, 1990 )

The R. A. F. sirveyed all R. A. F. pilots abaut their G-IOC experiences. The
uclassified results indicated thet the mejarity of G-IOC coorrences (i.e., 50.8%)
were associated with a rapid G onset rate (2 to 4 Gz/9) (Pdaor, 1987). Surpris-
irgly, only 37.0% of the G-LOC occurrences were associated with higher onset
rates (4 to 6 Gz/s). There were G-LOC occurrences (12.2%) even with slow
aset rates (1 to 2 Gz/s). These all coarred in flidit.

25 Centrifuge data from male Air Force persamel in a 30-degree seat.
6 Centrifuge data.

27 Centrifuge data from 46 male Air Force persamel aged 21 to 36 years
old in a 13-degree seat with an anti-G suit.

28 Centrifuge data from 300 experiments on 15 subjects.

29 Centrifuge data from 500 G-LOC episodes.

30 Gentrifuge data from healthy Air Force persamel.

31 Centrifuge data from 17 flight-qualified Navy and Marine fichter/attack
aviators and 90 Alr Force flight-qualified aircrew.
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Forster (1994) reported two types of heart rate respanses from 30 pilots in a

centrifuge. For 43% of the subjects, heart rate gradually declined ard then

reached a steady rate 60s after exposure to +Gz. For the remaining 57% of

the subjects, heart rate decreased. This decrease occurred 11s after maxinmum

heart rate was attained. Martin, D'Aumo, Wood, and South (1999) reported

that exposure to +Gz resulted in pulmonic insufficiency and tricuspid
. ' 32 .

Magnitude of the +Gz

The magnitudes of two +Gz levels are important: 1) meximum +Gz and 2)
recovery +Gz. The higher the magnitude of meximum +Gz, the more severe the
G-LOC synptoms are (see Figure 2 and Tadle9). The higher the recovery +Gz,
the laoger the incapacitation period is (see Table 10) . Higher recovery +Gz was
studied as part of an aircraft auto-recovery system in which the aircraft acoeler-
ated to reduce the risk of surface to air missile strike. Hurens have been able
to sustain +12 Gz for three secaonds in a centrifuge without G-IOC while wear-
ing protective equipment (Canmarata, 1990) .

16
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= O CONFUSION, POSSIBLY UNCONSCIOUSNESS
< B UNCONSCIOUSNESS
> 12
(4]
-4 omolmo
()
2
o 8
Ll
|
L
o
2 °
O
w °
= 4 -
=
7]
o
o
0
0 5 10 15 20 25 30 35
TOTAL TIME FROM START OF ACCELERATION TO ENDPOINT -S

Figure 2. Severity of G-LOC Symptoms as a Function of Magnitude of +G,
(Welob, 1964, p. 35)

32 Echocardiographic data from 46 pilots and 201 nonpilots
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Table 9

G-LOC Symptoms as a Function of Maximum +G,

Standard Devaton

Range

+/-0.7 +G 15

221071 +G 15

+/-08+G ;15

27178 +G 15

491062 +G 16

M ean Threshod
Sym ptom
G myout 15
Yo 414G,
Bhckout 474G 15
54 +G 16
Unconscbusness 15
54 +G,
99 +G 14

+/-0.9 +G 15

+/-19 4G 13

3084 +G 15

700117 +G 16

(Forster & Cammarota, 199333; Gillingham & Krutz, 197434; Parklurst,

Ieverette, & Shubrooks, 197235)

Table 10

Incapacitation Time as a Function of Recovery +G,

Recovery Level G Z)

Absolite hcapaciaton (s)

Rehtive hcapaciaton (s)

Totalhcapaciaton (s)

1.00

1190 +/-2.90

360 +/-230

1560 +/-2.70

2.00

12.90 +/-6 .90

290 +/-0.80

16.00 +/-6 80

(Whinnery, Fisder, & Shapiro, 1989) *

Visual loss is typical with +7 Gz exposure (Gillinghem, Mekalous, & Tays,

1982%). Light loss may occur prior to G-LOC (see Table 11).

Table 11

Light Loss as a Function of +Gz
Statistc 80-degree lghtbss 23 -degree lght bss centallght bss
mean +G , 42 45 53
mnge +G , 27w©5.7 2964 3670
standawd devaton +G, 0.7 08 08
mean dumton (s) 54 51 638
range ofduratbn (s) 190170 190119 21234

(Weldb, 1964, p. 437)

Offset Rate

The more gradual the offset of +Gz, the lawer the incapacitation period is

(see Table 12) .

33 Centrifuge data from seven male naval persamel.
34 Centrifuge data from 1000 naval aviation cadets who were relaxed and urprotected.
35 Centrifuge data from 46 male Air Force persamel aged 21 to 36 years old in a 13-

degree seat with an anti-G suit.

36 Centrifuge data from 8 males, 30° tilt-back seat, ad o anti-G suit.
37 Centrifuge data fram 8 experienced centrifuge riders in F-4 profile.

38 Centrifuge data.
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Table 12

Incapacitation Time as a Function of +G, Offset Rate

O flsetRate Absolite icapaciation ) Rehtie capaciaton ©) Totalhcapaciation )
+G A
097 1047 +/-300 14 40 +/~10.05 2504 +/1013
2.75 759 +/-314 540 +/-338 1320 +/436

(Whinnery & Whinnery, 19907 )

Number of Exposures

There is a tendency for the greater the runber of exposures, the langer the
incapacitation period (see Table 13). However, cardiovascular adaptation to
+ Gz does occur °

Table 13
Incapacitation Time as a Function of Number of +Gz Exposures
Exposure | Absolite hcapaciaton () | Rehtie hcapaciatbn (s B Totalhcapaciaton (s
1 780 +/~311 740 +/-2.79 1520 +/-4 87
2 1160 +/451 440+/182 16.00 +/~-316
3 1180 +/335 12.00 +/-12.47 2380 +/12.76
4 1150 +/354 400+/141 1550 +/~-2 12
5 12 .00 8.00 20.00

(Whimmery & Jones, 198741)

Preceding -Gz Exposures

The immediate preceding exposure of less than +1 Gz may result in de-
creased +Gz tolerance. This phenarenon is called the “Push-Pull Effect” and
has been named in at least one accident (Banks & Goodman, 1996). It has
leen estimated to occur in 11 to 67% of U.S. Air Force training flichts Michaud,
Lyons, & Hansen, 1998) “2 ard 12.5 to 29% of Air Force G-LOC accidents (Michaud
& Liyons, 1998%°). In a subsequent centrifuge study, heart rare was significantly
greater during a +2.25 Gz exposure if preceded by 15 seconds of -2 Gz expo-
sure than if preceded by 15 secards at +1 Gz or 2, 5, 10, or 15 secands —2 Gz
(Goodman, Banks, Grissett, & Saunders, 2000) .

Expectation
Unexpected exposures to +Gz result in loxer incapacitation pericds then
expected exposures (see Table 14) but range fram 14 to 31 s (see Table 15).

39 Centrifuge data fram 17 flight-qualified Navy and Marine fighter/attack aviators and 90
Air Force flight-qualified aircrew.

40 In-flight data fraom 1 single-seat F/A-18 and 1 dual-seat F/A-18 (Newmen and Callister,
1999) .

41 Centrifuge data from four humen subjects.

ii Head Up Display video from 240 Air Force air carbat training engagements.

Data fran 24 Air Force G-LOC accidents between 1982 and 1996.
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Table 14
Incapacitation Time as a Function of Expectation™

Expectaton Absolite heapactaton | Rehtive heapaciaton | Totalhcapaciaton ()
) )
expected 1200 12 .00 24 00
Ibemte NotSel-hduced 12.00 12.00 24 .00
Ibemte Sel-hduced 12 .00 350 16 00

(Whinnery & Burton, 1987")

Table 15
Incapacitation Time for Unexpected +G ,-Induced Loss of Consciousness™
Thcapaciaton Perbd NumberofSubpcts Mean (g) Max(s) Min (s) |

Absolite 55 16 6 30 5
Total @udiory) 52 310 63 10
Total fvisual 27 314 64 15
Rehtive @udiory) 52 145 51 1
Rebtive (visual 27 14 9 50 4

(Whinnery, Burtan, Boll, & Eddy, 1987, p. 633)

Individual Tolerance

For gradiual G anset rates, four variables predict relaxed +Gz tolerance (Weldo,
Oakley, & Meeker, 1991): 1) height inan (), 2) weidht inkg W), 3) age in years
(@), ad 4) diastolic blood pressure (dop) : G tolerance = 10.610 - 0.051h +
0.029%9w + 0.022a + 0.012dbp.

Well-trained pilots have a greater +Gz tolerance (Darrah & Klein, 1987) :

Well-trained pilots: +GzRM S*7 = 17.03T - 0.26

Relaxed pilots: +GzRMS = 7.62T - 0.15
where +GzRMS is the root-mean squared +Gz tine tolerance to fatigee ard T is
time in s. Iow g tolerance is defined as irebility to tolerate a 7-g, 15-s, rapid-
aset Gprofile or an 8-g, 15-s, rapid anset G profile for an F-16 anfigured seat
(i.e., 30-degree seathback arngle with elevated rudder pedals) (Gillingham, 1987).
Moout ane peroant of the actively flying Air Force aircrew has low g tolerance®® .
The 30-degree F-16 seat-back is associated with a 0.5 to 1.0 G of protection
over the 13-degree seat for both relaxed and straining subjects (Gillingham,
1988) . Weight training may extend simulated air combat meneuvering time up
to 300 seconds (Bulbulian, Crismen, Thomas, & Meyer 1994). After 300 sec-
ads there were no differences between weight-trained and non-weight-trained
sdojects. *  The correlation between lower body negative pressure (IBNP) toler-
ance and +Gz tolerance increases as IBNP onset rate increases or as +Gz

44 Centrifuge data from male subjects.

45 Cenrrifuge data.

46 Centrifuge from male subjects

47 Multiple sequential exposures to +G, acceleration pulses.

48 Centrifuge data derived from over 700 Tactical Air Command pilots who received
high-G centrifuge training (Gillingham, 1986).

49 Centrifuge data from 4 naval aviators.
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onset rate decreases (Ludwig, Krock, Doerr, & Cawertino, 1998) *°. LBNP has
provided effective protection against negative Gz (Beck & Tripp, 1989) °.

Tre following factors also lower an individual’s tolerance to Gz exposure: 1)
chranic ard acute hypertension, 2) hich tanperature, 3) hypoxda, 4) hypoglyce-
mia, 5) stress, 6) ddwydratian, 7) infection, 8) aladwol ingestion, 9) vericose
veins, 10) harmorroids, 11) hemia, 12) high myopia, and 13) glaucare (Gillinghem
& Krutz, 1974, p. 39). G-LOC mishap pilots have significantly higher systolic
bload pressure ard significantly less aivcraft-specific flight hours then other Air
Force pilots (Lyons, Harding, Freeman, & Oakley, 1992). Firally, ae study
has shown that women have a lower +Gz tolerance than men (see Table 16),

while ancther reported no dif ference (Qelette, Albery, Esken, & Tripp, 1998) *2.

Table 16
+G, Tolerance™ by Gender

W om en Men
GOR1 0.067 +G 4/ 481 +/-0.79 479 +/-0.75
ROR 1.000 +G 4/ 339+/-055 335+/-049
GOR2 464 +/-083 452 +/-0.72
GORs 559 +/-0.92 567 +/-0.81

(Gillingham, Schade, Jackson, & Gilstrap, 1986°)

G-IOC is associated with: 1) crewmanber not flying, 2) discomected G-suit

hoses, 3) fatigue, 4) improper diet, 5) being uprepared, ard 6) lack of physical
caditioning (Pluta, 1984).

Burton (1980) stated “the person whose energy, netalolic, and cardiovascu-
lar states are least disturbed by high-G exposure is the person who will perform
best and becare least fatigued during repeated aerial comboat meneuvers” (p.
1191) . Ina recant survey, fidhter pilots perceive gyysical fitness as an inportant
factor in gperating in +Gz enviraments (Newmen, White, & Callister, 1999) =.

Eye-Heart Vertical Distance
The greater the eye-heart vertical distance, the lower the 4Gz tolerance Bur-
tan, 1986) :
G= (Paxd/h=(98.4x%x13.6)/h=7.235/h

50 Centrifuge data from two experiments with a total of 17 male volunteers, 12 of whom

participated in both experiments.

Centrifuge data from 10 male subjects exposed to -100, -50, and O mm Hg LBNP
during -1.0, -1.5, and 2 G,

52 Centrifuge data from 8 male and 8 female napilot Air Force airmen.

53 Defined subjectively as 100% peripheral light loss or 50% reduction in central light
54 Centrifuge data from 102 Air Force women and 139 Air Force men.

55 survey data from 42 Royal Australian Air Force pilcts.

51

Effects of High-G Environments

163



164

where G is +Gz, Pa is arterial blood pressure (the average for pilots is 98.4), d
is the density of Hg (13.6), ard h is the eye-heart vertical distance in an. Eye-
heart vertical distance can be decreased by increasing the seat-back argle.

Age
There is a tendency for relaxed G tolerance to increase with age for initial
Gradual Onset Rate conditions (see Table 17).

Table 17
+G, Tolerance by Age
3034 3539 4044 4549 50-54
GOR:FJS 0067G/ 46106 46407 48+08 52408 53+08
ROR@ 1.000G /5 35403 36403 37403 36406 39405
GOR2 0.067G A 44+09 44+06 44+04 47+10 49+08
N 11 10

(Hi1ll, Wolthius, Gillingham, McCracken, & Triebwasser, 197758, p. Bl4-2)

AGSM

AGSM increases +Gz tolerance (Burton, 1986) :

G= (Pa+98) xd/h=(98.4+9) x (13.6)/(33.4) = 40.05 x 0.407S
where G is +Gz, Pa is arterial blood pressure (the average for pilots is 98.4), S
istheef fat of AGSM on +Gz tolerance (can be inferred from esophageal pres-
sure, Pes; the average Pes for pilots and a 30-degree seat-back angle is 44.8),
d is the density of Hg (13.6), ard h is the eye-heart vertical distance in an (the
average for pilots ard a 30degree seat-back angle is 33.4). For meximm effec-
tiveness, each individual must choose the best 2GM (i.e., M-1, L-1, Q-G,
Hook) (Whinnery & Murray, 1990) . Conmon prablems include: breathe too slow,
inhale too lang, do “not get the jup an the Gs”, ard talk during G exposures
(Lyons, Marlowe, Michaud, & McGowan, 1997)%°. Inadditim, alresthing sys-
tem that meets the Alr Standardization and Coordination Camittee limit of +/-
G is critical (Whitley, 1997) ¢°. Firally, G-suits with standard pressure (1.5
psig x G-1) are associated with significantly langer GR (+0.1G.s-1) duration
tolerance than those with lower pressure (1.1 psigx G-1) (Krock, Balldin, Hamo-
Ringdahl, Singstad, Linder, & Siegoorm, 1997) ¢ .

56 Gradual Onset Run, +G,, force applied at a rate of 0.067 4G, /s to a possible maximum

of 6 4G,,.

57 Rapid Oiset Run, +G, force applied to a rate of 1.0 4G,/s to progressively higher 4G,
levels and maintained for 15s at each level.

58 Centrifuge data from healthy aircrew, seat-back angle of 130, ro anti-G suit.

59 Questiomaire data from 40 F-16 and 46 F-15 U.S.A.F. glds.

60 Gentrifuge data from 61 F/A-18 pilots, seat-back angle 15°, anti-G suit.

61 Centrifuge data from 6 male subjects exposed to a simple profile of +7 G, sustained
for 15 s and a carplex profile of +4.8 G, for 10s followed by +2 G, far 10s.
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PPB
PPB increases +Gz tolerance (Leverett at al., 1973%; see Table 18).
G=[(Sxd +kl/h=[(Sx13.6) + 1338)]1/33.4 = (13.6S + 1338)/33.4
(Burton, 1986)
where G is +Gz, S is the effect of PPB m +Gz tolerance, d is the density of Hy
(13.6), k is a aostant of 1338, ard h is the eye-heart vertical distance in an
(the average for pilots ard a 30degree seat-back angle is 33.4). PPB can be
augmented with anti-G inflation trousers ard a chest counter-pressure waist-
ast (Pricr, 1991) © or extended G-suits (Goodmen, Fraser,Ackles, Mohn, &
Pecaric, 1993). PEB has only two side effects: 1) presence of a dry cough
(Travis & Morgan, 1994) ard 2) fall in the left ventricular preload which may e
miticated by full-coverage anti-G suits (Goodven, de Yarg, Kelso, & Liu, 1995) .

Teble 18
+G, Tolerance With and Without PPB

Assikted PPB

W thout W ih
M ean 51 55
Standard Enor +0.1 +02

(Burns, 1988°)

PBEB exacerbates arm pain during high + Gz in aircraft in which the stick and
throttle are located 20 an or nore below the pilot’ s heart lewel. Am arterial
occlusion cuffs (AAOC) do not alleviate arm pain (Green, 1997) ® nor do other
arm pressure covers (Watkins, Welch, Whitely, & Forster, 1998) 7. Linde and
Balldin (1998) suggested that presence of arm pain should be aonsidered during
desion of either aircraft or protective equipment .

Balldin, Tang, Marshall, and Regna (1999) tested the hypothesis that posi-
tive pressure breathing (PPB) during G in conbination with extended coverage
anti-G suits (FAAGS) would increase the risk of pramature ventricular contrac-
tions (PVCs). PVCs did not occur during gradual anset rate exposures but did
occur during both similated and tactical aerial combat maneuvers. However,
there was no significant difference between standard equipment and the PPB/
ECGS combination®.

62 Centrifuge data from 12 mele subjects exposed to 2 series of 60 sec exposures to 3,
6, and 8 G followed by 60 sec at 1 G.

63 Centrifuge data from 4 experienced centrifuge subjects exposed to 3 to 7 +G,

64 Centrifuge data from 9 humen subjects with anti-G suit.

65 Centrifuge data from 5 relaxed humen subjects with anti-G suit.

66 Centrifuge data from 12 male Swedish Air Farce fighrer pilcts.

67 Centrifuge data from 7 male volunteers.

68  uestiamaire data from 35 Swedich fighter pilots.

69 Centrifuge data from 2 female and 12 male volunteers.
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G-Suit

G-suits provide protection against G-IOC. Not all G-suits provide the same
amount of protection, however. Ryster, Cammarota, and Whinmery (1994) com-
pared incapacitation associated with a standard CSUL5-P suit versus the same
suit inflated to 10 psi immediately upon G-IOC and Burton (1988) evaluated the
CSU-BA/P (s=e Table 19). Mesker (1991) reported that the Advanced Technol-
ogy Anti-G Suit (ATAGS) enabled reduction from 10 psig to 8 psig at 9 G without
decreasing G protection”™. The Swedish Tactical Flight Combat Suit (TFCS)
caused no abdominal pain associated with the inflation of the abdominal blad-
der. This was not the case with the Air Force standard G Suit (Balldin, Krodk,
Danielsson, & Johansson, 1996) *. Rrther, some suits such as the USAF' s
Advanced Technology Enhanced Design G-Ensemble (COMBAT EDGE) have
integrated a PPB system with the G-suit (Numeley, French, Vanderbeek, &
Stranges, 1995) and have no associated G-LOC events (Tay, Balldin, Hill, &
Dooley, 1998) ™. Suits that include PPB provide enhanced G-LOC protection
(Albery & Chelette, 1998) . G-suits with increased body coverage provide bet-
ter G protection than G trousers anly (Albery, 1997) ™. additio, Gauit infla-
tion may increase cardiovascular respansiveness to carotid laroreceptor stimu-
lation (Cowertino & Reister, 2000) .

Table 19
+Gz Tolerance With and Without Inflation

No hflation hflation
GOR (OlG/s)@ 61+27 89+40
ROR R4 stomax@G) 52+20 69+20
GoR 01G A&V 41 49
ROR (06 G /5) 38 47
Head Position

Bringing the head lower by increasing the seatback angle from 30?? to 65?7
resulted in at least a 30% increase in relax + Gz tolerance (Bums & Whimmery,
1984) 7. Significant differences in pesk +Gz ocour with 0.1 G/s anset, relaxed,
ard 1o G-suit inflation (Tay, Hill, Tripp, & Webb, 1994) ™. Specifically, hider
+Gz were associated with over the shoulder (right Gz ~ 6.5, left ~ 6.4) then
straight-ahead (~ 5.0) or above (~ 5.4) positians. No differences were faurd at
0.5 G/s anset straining and G-suit inflated.

70 Centrifuge data from 6 male volunteers.

71 Gentrifuge data from 4 Swedish test pilots.

72 Centrifuge data from 3 female and 12 male volunteers.

73 Centrifuge data from 6 subjects.

74 Questicmaire data from 42 Royal Australian Air Force F/A-18 pilots.

75 Physiological data from 12 men (not pilots) in a lower body negative pressure chanber
with and without G-suit.

76 Centrifuge data from 81 naval aircrew members receiving high-G centrifuge training.

77 Centrifuge data from 10 meles fram an acceleration subject pool.

78 Centrifuge data from 7 or 9 subjects for each seat configuration.

79 Centrifuge data from 12 humen subjects with centrifuge experience.
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Fidhter pilots have developed head positioning strategies including (fram most
to least frequent) : set head position before gpplication of G, move as required,
brace head against ejection seat structure, move head/neck in only cne plane
at a time, use shoulders to aid rotation of head, kesp head aligned with body
under G, restrict movement under high G, move only under low G, move upper

baody as well as neck/head, and brace head against aircraft cancpy (Newman,
1997) &,

Neck Injury

Rapid G onset may cause neck injury. Such imjury is especially possible
whenever the pilot’s head is off center fram the spine or the hamess is loose
(personal communication, Drs. Kent Gillingham & James Whimmery). Pilots
have inpaled their helmet visors an the top of the centerstick after rapid anset
G. Sort-dration (i.e., less then 1 s), hich acceleratians (i.e., greater then 25
g) can cause severe injury (see Figure 3 parts a ard b ard Figure 4 parts a ard
b). Frequent muscle endurance training may reduce the occurrence of neck
pain (Hamalainen, Vanharanta, & Bloigu, 1993) # . Frequent exposure to high
+ Gz forces may cause degeneration of the cervical intervertebral disks, espe-
cially in the (3-4 disk (Hamelainen, Vanharanta, & Kuusela, 1993) ®2.

ncestord

DURATION

UNIFORM ACCELERATION OF VEHICLE - g units

K 2 3 s 1
DURATION OF UNIFORM ACCELERATION - seconds

L]

3

UNIFORM ACCE LERATION OF

o1 2 03 05 Kl 2 a3 s 1
DURATION OF UNIFORM ACCELERATION - seconds

1
001

Figure 3. part a is the Effect of 4G and Part b is the Effect of G, .

80

o1 Centrifuge data from 6 humen subjects.

Questiamaire data from 27 mele student fighter pilots enrclled in the Firmish Air Force
Academy.

Based on resistive magnetic resonance scammer data of 12 male senior Fimmish fighter
pilots ard 12 cotrols.

82
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Figure 4. pert a is the Effect of -G, ard Part b is the Effect of 4G, .

In a follow-up stidy, Hamalainen, Vanharanta, and Bloigu (1994) reported
37.9% incidence of acute in-flight neck pain. Incidence of pain was significantly
correlated to the mmber of flight hours (+0.95). Bulrmen ard Perry (1994)
reported that increases in helmet weight (3.2 to 6.6 1b.) and seat acceleration
(up to 10 Gz for humans and +15 Gz for menikins) resulted in increased com-
pression, shear, ard rotatiaal forces an the neck. In the Royal Australian Air
Foroe, 44 of 52 fighter pilots surveyed reported neck injury under +Gz, usually
sinple muscle sprains (Newmen, 1997). Weights greater than 4.5 1b. exceeded
imjury limits at +15 Gz** . Kikikews, Tachibana, and Yagura (1995) surveyed
129 F-15 pilots. Of these, 89.1% reported muscle pain on different occasions
especially in the checking six and forward bend positions. Hamelainen,
Vanharanta, Hupli, Kartu, Kuronen, and Kimmumen (1996) reported twenty pilots
in the Fimmish Defence Forces experienced a 4.9 mm decrease in body height
after meneuvering under high +Gz (+6.2 to +7.8 Gz) for 40 mirutes. 2As indi-
cated in Figares 3 ard 4, the direction of the G farce greatly affects the praoebil-

83 Centrifuge data from 14 humen subjects (with centrifuge experience up to +10G,) ard

the Hybrid IIT reck in the ADAM manikin (up to +15 G,)
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ity of iy . The directio also af fects physiolagical tolerance. Phaysiological
tolerance is highest for +&x, next for - Gx, next for +Gz, ad lowest for -Gz
direction of force (Wb, 1964, p. 33; see Figwre 5 a ad b). “-3 Gz is..the
upper limit of huren tolerance” (Gillinghem & Krutz, 1974, p. 53). Burton et al.
(1999) stated that there is “a direct relatianship between degenerative diseases
of the spine and repeated exposures to sustained G.
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Figure 5. Huren endurance tine as a function of direction and megnitude of g.
(Weldb, 1964, p. 36)

Effects of High-G Environments

169



Vixation
Vibration affects both auditory and tactile perception. Low frequency vibra-
tim induces decreased tactile sensitivity, motion sidkness, and dif failty in fo-
cusing (see Figure 6) .

l 1 Frequency, c/s
10°

1 10 100 10° 10* 105 10°

< | | I | | | i | ! >
Infrasonics | Audible Zone Ultrasonics

8 Non-Auditory Sensations

)

Z | iddiness
Interference with Communication
Damage to Hearing
Tactile Sensation in Man

5 Giddiness and Instability

':':E

g Motion Sickness

Major Body Resonances

Breathlessness, Pain in Trunk

Disturbance of Vision

Vibrating Tool Diseases

Heating Effects and Cell Damage

"ENGINEERING"

Figure 6. Effects of vibration. Guignard & Trving (1960)

Decrements in human performance are sumarized in Table 20.
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Table 20

Summary of decrements in human performance

Category

Vbmtbn Chamcterstis

Type ofDecrem ent

References

Vibn:

W hok-body vbmrton 8 o 9 Hz
D sphy vbmton, kss than 35 Hz
W hok-body vbmaton,56 © 112 Hz

W hok-body vbmaton, 4 o 112 Hz

W hok-body vbmton, 3 15,4,and 5 Hz

W hok-body vbmton, 2,4,6,8,and 10
Hz

Detectbn of visualblir
Loss of Egbilty
Loss of egbility

Lawgerdiphy chamcters
Essened vbmton
effects on kgbily

hcreased chamacter
spacihg Essened
vbmrton effects on
kgbily

VEwihgadisphyat
nfinty kssened vbmton
effects on reading abity

Gdffn 1975)
Moseky & Griffn (1986)
Moseky & Griffn (1986)

Lew & & Griffn (1979)

Moseky & Griffn (1986)

W ilson (1974)

Mem ory and
cental
processihg:

Severe whok-body vbmaton, 70 Hz

W hok-body vbmton, bebw 20 Hz

W hok-body vbmaton, 3 o 8 Hz

Decrements i
contihuous counthg
perom ance

No decrem ents i mental
addibn, patem
®ecognibn or
navyatobnalbehavibr

No effects on counthg
tasks;decrem ents
wradihg task as tine
hcreased

selbni (1967)

Homxk (1973)

Shoenbemger& Hands
(1981)

Manual
contml:

W hok-body vbmton,3 to 8 Hz

W hok-body vbmton, 2,6,and 10 Hz

W hok-body vbmrton 017 Hz

W hok-body vbmaton, 0 25 Hz

Trckhg decrem ents by
vitue ofam ,hand, and
fingerdsphcem ent

S de-m ounted stick
superbrat2 Hz;center-
m ounted stick superbrat
10Hz

Keypunchig unaffected ;
tackhg severely
degmraded

Degraded navatbnal
and tackhg
perform ance

Alenetal (1973)
Lew & & Griffn (1978)
Schm iz etal (1960)

Shoenbemers& W ibum

1972)

M cLeod etal (1980)

W keretal (1980)

Reach Envelope

Schafer and Bagian (1993) reported a 17% reduction in forward reach when
subjects were exposed to +4 Gx. There was also an 8% reduction in left over-
head reach as compared to right overhead reach when exposed to +4 Gx.

Vestibular Tlusians

Translational and angular accelerations may induce one or two vestibular
lMusias. The first is the Gexoess illusion “where the pilct is exposed to an
extended duration acceleration magnitude greater than 1G, movements of the
head can create erronecus perception of both orientation and angular nmotion”
(Pancratz, Bomar, & Radden, 1994, p. 1131). The secad is the cross-coupling
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lusian, “after prolaged exposure to a axstant velocity rotation, a crewrarer’s
semicircular canals adapt to the angular notion and he or she receives no
further vestihular ae of the motiay” (p. 1131).

Ctrol Activation
Qridck, York, and Cohen (1976) examined the effects of g m ejection sest

activation. There were significant caditians, subject, arnd coditions by sub-
ject interactian.  The means are presented in Table 21.

Table 21
Pull Forces by Condition®
S i ubton G z Gy Gz X SD
Recovery fiom D e 0 0 5 84 .08 12.08
Col Catapulks ke 25 0 1 113 .92 14 94
LevelF Ight 0 0 1 10767 13.73
Brakig D ecekmton 25 0 1 94 25 12.76
Recovery fiom D ¥e w ih Buffet 0 0 5* 87 45 1421
hvered Flght 0 0 -1 115.79 14 .01
Sph 25** O** 1.75%* 90 35 1762
Skid 25 1.5 1 86 .77 15.03
Definits
AGSM AntiG staihig maneuver
bhckout Loss ofallvebn Newsom ,Leverett, & Kiklnd, 1968).
cbnic m ovem ents Rapil contractbns and rehxatons ofm uscks
gmyout Loss ofperphemlvisbn G ilhgham & Kmtz,1974,p.30)
g D isphcem entacceleraton
G Physbbgialaccekmton, the tomlreactive force dvided by the body m ass W ebb,
1964,p.33)
GcI0C +G Z-hduced Loss O fConscbusness
Cx Graviohertal force actihg back to chest, assochted wih aicmft decreashg orward
vebcity €g. applcatbn of speed bmkes) or a steep dive @G illngham & Kwmtz,
1974)
+Gx G mvionertalbre acthg chestto back Burton & Shaffstall, 1980), causes the heartto
be dbphced back towamr the sphe W ebb, 1964, p. 33), assochted wih the
aicmaft hereasihg ward vebety € g., applcaton of affedbumer) ora steep clinb
G ilhgham & Kmtz,1974).
'Gy Gravionhertal Pree acthg to the kff; assochted wih aicmft n kf slp or kft skd
G dihgham & Kmitz,1974).
84

Centrifuge data from 16 male Navy persomel
* 4/- 0.3G @ 10 Hz (ouffet)
* 4/- 0.256 @ 0.3 Hz (cscillation)
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Gy Gravioherthl force acthg to the rght; causes the heart to be dbphced  the Eft
W ebb, 1964, p.33); assochted w ith aicaft h rghtslp orrghtskidl G ilhgham &

Kwmtz,1974).

Gz Gravivherthl orce acthg oot to head; assochted w ih aicmft h hverted flght, push-

over nito dive, or "outsde"m aneuver G ilhgham & Kwmtz, 1974).

+G g Grvioherthl force acthg head to oot (Parkhurst, Leverett, & Shubmwoks, 1972);
causes the heart to be disphced downward (W ebb, 1964, p. 33); associated wih
aicraft h kvel fight, coordhated tum, pullup fiom a die, or "hsie" m aneuvers

G ilhgham & Kwmitz,1974).

hem atom a Swelng filed w ih bbod.
petechial Sm allhem ornhage 1 the sk orm ucous m em brane.
+Rx Angulr accekmton that causes the heart to ot@ate o the kft, mdans per second?

aboutthe x axis (W ebb, 1964 ,p.33).

+Ry Angubraccekmton thatcauses the heartto pich down, mdians persecond2 about the

yaxis W ebb,1964,p.33).

+Rz Angubraccekmton thatcauses the heartto yaw rght, mdians persecond2 aboutthe z

axs W ebb,1964,p.33).

PPB Posiive Pressure Breathhg

s seconds

Scotom a Gap h visualfeld
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Abstract

Unfolding dynamics within United States’ commercial aviation sug-
gest that airlines and universities with airline-oriented flight training
programs should form alliances to assure that the required quan-
tity and quality of airline pilots are always available for regional
airlines cockpits. Investment in implementing an integrated airline
bridge training model has the potential to provide a substantial
dividend in the quality of airline pilot production, to accelerate the
supply of pilots into the regional airlines, and to provide clearer
career pathways for university students in aviation programs. This
model would include flight training focused on airline-type crew
procedures and checklists, the use of specific airline flight training
devices and motion-based simulators, and cooperative student
candidate selection and employment interview agreements be-
tween regional airlines and universities.
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Introductian

Comercial aviation within the United States is undergoing significant changes
ard challenges. Airline growth, retirements of Vietnam era military-trained con-
mercial pilets, and a decrease in the resorce of former military trained pilots to
enter the airlines are factors to the developing pilct shortage in the U.S. airline
imstry . This shortage will eventually create an increased flow-through demend
by the mejar airlines am the regianl airlines for pilcts, axe the firlaghed pilots
from the recent economic downtum have been rehired by the major airlines or

When the increased flow-through fram the regiayl airlines to the mejor air-
lines does comence agpin, it will inpact the regiaal airlines’ training require-
ments and experience levels because qualified replaceaments may not be readily
available. A pertinent camercial pilot sugpoly issue to amsider is that of the
depth and quality of the aviation academic education and the structure and
disciplire of the flight training of those fupre airline pilcts. Because of the in-
creasing sophistication of modem aircraft ard high tedrology equiprent, this
issue underscores a need to examine, and restructure, where necessary, te

W iththis examination and restructuring inmird, the Aeronautical Manage-
ment Technology Department at Arizana State University and Mesa Pilot Devel-
ooment, the training arm of Mesa Air Group, have developed and implemented
an “Airline Bridge Training Model” after years of research and experimentation
with the training model variables. While this Airline Bridge Training Model is not
a “ae-size-fits-all” mockl, regiawl airlines and wniversities and colleges with
flight training programs can amsider using it and custamizing it into a model
that fits their perticular needs ard resources.

This model details optians for the cooperation, expectatians, and agreements
needed between universities and regiamal airlines to fomelize a pipeline fram
the wniversity acadamic ard flight training ewvirament to the regiaal airline
aodkpits. A major companent of the airline bridge training model addresses
aviation educational enhancenents through the inplementation of an integrated
aviation learming model. The leaming model incorporates elements of persanal
carputer-based flight similator programs, flight training devices, ard full mo-
tion-based simulators, to span the gap between the academic classroom and
the flight line. The model also incorporates the use of computer-based training
programs and web-based training, as well as elements of the adult education
paradign, leaming style theary, cogoerative and collaborative leaming tedmiques,
to further enhance the knowledge transfer process. The importance placed on
the use of PC-based flight similator programs, flight training devices, and full
motion-based similators emphasizes providing immediate, hands-on applica-
tion following each academic class, and is dirvected toward improving under-
standing ard lag-term retention, while increasing knowledge application across
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a broad spectrum. 2dditiawlly, the airline bridee training model incorporatres the
early identification of those student pilots who have the greatest potential for
success in camercial aviation by conducting extensive and on-going evalua-
tion ard assessrent in cogperation with the airlines. ZAn important element of
the airline bridee training model is thet subsequent pilot selection by the re-
glanl airlines must be contingent upon successful completion of both the
niversity’s aviation degree academic program ard a flight training program which
has a specific focus m airline-oriented checklists and procedures. Preferably,
ae cogperatively developed with the potential gaining regiawl airlire.

The U.S. comercial airlines are starting to recover fram the economic down-
tum over the past few years. To amtirue this recovery, it is inportant to review
the background of where the airlines have been over the past few years, and
then to amsider the future projections as to where the airlines are going, as far
as growth and hiring are aoncermed. The next step is to develop a unified airline
industry and academia approach to plan for the future airline growth structure
and persarmel issues.

Background

Major/Regional Airlines’ and Military Pilot Needs & Requirements

While the aviation industry has suffered a setback in the aftemmath of the
September 11, 2001, terrorist attack, a Federal Aviastiom Administration (FAA)
2003 Aerospace Forecast for FY 2003-2014 (Federal Aviatiom Administration,
2003) indicated that the U.S. and world aviation economies should start to re-
cover by late 2003 and achieve moderate sustained growth through at least
2014. Althoxh the firmal 2003 statistics are not available at the date of this
article, the FAA did project that both the U.S. large carrier davestic ard interma-
tiamal passenger traffic are expected to achieve positive growth in 2003, with the
intermational merkets forecast to grow even faster than the darestic markets
(4.7% versus 3.5 peroent arrually) over the 12-year projection pericd. The lag-
term impact of the September 11% attack on regicnal/comuter carriers (those
air carriers whose majarity of flights are goerated in aincraft having 70 or less
seats) has been generally more positive than negative. Regional/comuter pas-
sager traffic is anticipated to grow at a faster rate then their larger darestic
conterparts (5.6% versus 3.5% arrwally) over the 12-year FAA farecast perdad.
Stronger growth for the regianal/comuter traf fic results fran additiasl rate
transfers from their larger code-share partners and the increased purchasing/
leasing of new regiamal jets, as well as fram the establighment of nontraditiaal
point-to-point routes using the new regiawrl jets. Over the past two years, re-
glaal/camuter airlines have reduced their fleet of piston and turboorop aircraft
by 215 ard replaced them with 462 regianal jets capable of this nore efficient
rauting, as well as increased passenger canfort. The rumber of regiawrl jets in
regional /comuter service is projected to grow from 976 in 2002 to 2,834 in
2014, an average increase of 9.3 percent arrually (Federal Aviation Administra-
tian, 2003).
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More cammercial flights mean an increase in the requirement for pilots. In
2000, 19,027 new airline pilots were hired; this was a record mmber . In 2001,
12,766 new airline pilots were hired. In 2002, in spite of the sloxdown in the
aftermath of the September 11, 2001 terrorist attacks, 5845 new airline pilots
were hired (Darby 2003a, Darby, 2002a; Darby, 2002b; Darby, 2001b). The
downtrend now appears to have reversed, with an estimated 7,075 new airline
pilot positions projected by the time the 2003 rumers are available. That pre-
dictim for these rew pilots’ positions for 2003 aould ke higher, depending on the
darestic ard intermaticnal econamies during the last quarter of calendar year
2003, ard the two other main forces, pilot retivement ard airline growth (Darby,
2003c) . To meet pilot hiving requivements, the mejor airlines traditiaally draw
their pilots fram the military ard the regiawl and camuter airlines. As a result
of the lag-temm increase in requiramants for pilots in the mejor airlines, the
regianl airlines in the past have seen increases in their amuel pilct flow rate to
the major airlines ranging from 60 to 100 percent; this nmovement to the mejor
airlines significantly impects the regiawl airlines training requirerents and ex-
perience levels (Ballenger, 2001).

Airline pilot growth rates are further coplicated by the losses of the larcge
rurer of Vietnam era military-trained comercial pilots who will reach menda-
tory retirement at age 60 within the next few years. Pilot retiraments will am-
timue to increase as more existing pilots reach age 60, fram about 1,310 in 2003
to 2,064 in 2008, with 11,010 pilot retirvements in the next five years (Darby,
2003c) . By 2010, U.S. airlines will have to retire 50% of their pilots, varying fram
32% to 60% of the airlines’ current pilot population, depending an the specific
airlines (Darby, 200la; Darby, 2001b). To further exacerbate the comrercial
airline pilot shortage to meet the growing demerd, because of low military pilot
production over the past ten years, the resource of military trained pilots reach-
ing the end of their initial comitment to the U.S. military has shruk in the face
of the projected increased demand for comercial pilots. The proportion of new
hires with military experience into the comrercial airlines has dropped fram
over 90 percent in 1990, to under 50 percent in anly ten years (Taylar, Moore, &
Roll, 2000) . Tn 2002, civilian-trained pilcts mede up 68% of the 5,845 pilots hired
by the airlines (Carby, 2003b) . Military pilots have traditiamlly been in demerd
by the airlines because: (1) the quantity ard quality of their training can ke
readily verified, (2) the variety and conplexity of their flying experiences are well
docurented, (3) they have a traceable track record so that past prdolems can-
not be easily hidden, ard (4) flying proficiency and comitment can be tracked
via career progression (Taylar, Moore, & Roll, 2000) . In a study in 1999, the U.S.
Air Force projected a shortfall of pilots of over 2000 in FY2002 ard to remain
over 2000 pilots through 2007, when the pilot resource would start a very slow,
15+ year retum toward, but never reaching, USAF pilot requirements (Depart-
ment of the Air Force, 1999) . This situation has not improved, due to the Warin
the Gulf in 2003 and the resulting increased pilot requivements. Faced with this
reduction in the former military pilct resource, the nomel way for the mejor
airlines to grow would ke to increase the hiring from the regianl airlines, where
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the pilots have already proven themselves by their experience. However, with
the regiaal airlines beirng a finite resource, action should ke taken now to plan
for the point when the regianal airlines’ resource could be reduced below re-
quirements. Screening individuals in high school for the propensity to sucoeed,
ard then encouaraging ard facilitating those individials to attend aollegiate avia-
tion programs with airline-fooused acadamic and flight training, should be doe
row to prepare for funure needs in the airlines.

Screening for Potential Success in Aviation

BEvaluating ard assessing pilots priar to their entering flight training lesding to
an airlire career plays a critically important factor in selecting potantially suc-
cessful pilots for hich capital irvestmeant flight training programs. The pilct se-
lection ard testing process is amsidered a key to the sucoess of military pilot
training ard includes tests for general cognitive abilities, persaelity, psycho-
motor skills, ard physical fitress to elimirate individuals wo were less likely to
succeed (Karp, 2003) .

Mary airlines autside of the United States have been using pre-training screen-
ing for a muncer of years because of their unique pilot selectio issues (Karp,
2003) . In mery cortries’ situatians, the airlines must pay for all training, so the
airlire werts the highest retim in aopetition rates for their very aostly training
irvestment. This was the case for meny years with Iufthansa Airlines, who has
been using comprehensive screening programs since the 1950°s with tremen-
dous success. Their screening programs have resulted in an exceptionally high
pilot training carpletion rate of more than 90% (Dr. Karsten Severin, Director of
Psychology, Lufthansa German Pilots School, personal comumication, March
3, 1995). The German Aerospace Research Institute (DLR) has been respon-
sible far the screening for pilcts for Iufthensa Airlines for over 40 years. This
screening has resulted in selectiom criterdia such that less then 10% of the aopli-
cants who passed the screening fail to camplete the flight training. The DIR
axterded that if the total profile of knowlede, ability, ad persaelity is at ar
above their nommative grogp in all areas, the individual has an extremely high
ordeebility of kbeing a suocessful airline pilct Or. Klaus-Martin Goeters, Director,
Aviation and Space Psychology Department, German Aerospace Research In-
stitute, persael interview, Hamburg, Germany,Zpril 2, 1996). Damos (1996)
stated that the batteries used to select pilot candidates often predict training
performance, rather than cperational perfomence. A recat search of the litera-
ture an pilct selection revealed that test batteries often assess, for exanple,
persaelity traits (Retzlaf £, Kirg, Gallister, Orme, & Marsh, 2002; Rodgers,
Covingtan, & Jensen, 1999), physiological factors (Clark & Riley, 2001; Klokker,
Brock-Narmnestad, Mikines, Jolnsen, Garhoj, & Vesterhauge, 1999; Leino,
Leppaeluoto, Ruckonen, & Kuronen, 1999), or aptitude (Carretta, 2000) . While
the popular use of these persamlity inventories suggests their utility, Damos
(19%) stated thet their predictive validity is low, ard that further research should
e conducted to identify new methods and inprove those that are currently in
use. Furthermore, measures to predict operational performance should be de-
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velaoed to assist in pilot selection of hich sdxol students. Tn addition to screen-
ing for those who have the potential to succeed in collegiate aviation prograns,
an integrated acadamic ard flight training program is essential.

The Integrated Aviation Learming Model

Cnsidering the literature review, an integrated aviation leaming nodel, the
Aviation Fducation Reinforcement Option, or AERO model (Figure 1), was de-
veloped to increase retention and enhance application of aviation education,
with a focus an airlire flight gperatians (Karp, 2000) . This model has been inple-
mented in the Aeronautical Management Technology Department of Arizona
State University with highly positive results (Kaxp, MQurry, McHenry, & Harms,
2000) .

I Aviation Education Rehforcem entOption RERO)© I

Conthnuation
Evaluation &
Assessment:
Know kdge,
psychom otor, &
cogniive skills

NPUT:
Pibtcandidates w ith
varying experience

htegrated C lassroom
Academ ics

. AdulLeaming:
M otivation: Selflaming, Facilitation :
Stess the need & pre-class prep, & Probkem centered
the time to learn ntermctive discussions
Tenvning

G oup Inmedite

Leamig: Applcaton:
Cooperative, ComputerBased
collaborative, & Trhihg, FETng
observational {} Devies, & Sins

h-depth Theoxy:
The why, not justthe
what

Address allLeaming Styles
VBual, audiory, hands-on)

htegmted Flght
Trahhg:
Focuses on
multi-crew

procedures from

the beghning

OUTPUT:
Pibts w ith renforced, ong-tem
retention /app lication

Figure 1 .Aviation Education Reinforcement Option (AERO Model) .
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Integrated Learning Model Components

Inputs. While pilct cardidates in a first officer training program can have
varyirg levels of experiance, wniversity-age irdividuals, wo have little ar ro fly-
ing experience, meke excellent candidates because they have minimal “bad
flying habits” or misconosptians.

Evaluation and Assessment Program. Botertial first officer training program
candidates should be tested and screened in advance for: psychamotor skills,
tenperanent, information processing, and coonitive skills, as well as an FAA
First-Class medical flight gdiysical.

Integrated Aviation Classroom. Since university-age students are in a transi-
tim fram adolescent leaming to adult leaming, begimming aviation students must
e “fooused” towerd self-directed leaming to attain their mesdmum potential.
This includes notivating the leamers by stressing the need to acquire the knowl-
edoe ard to recoonize thet this is the tine to leam it. While it is inportant that
a lectre alae is effective when the learmer has little or ro knowledge of subject,
facilitating the knowledge transfer is a nore effective fomet to increase knowl -
edge by engaging leamers in an exchange of ideas in prdolem-centered discus-
sians ard tapping into their prior experiences (Brockfield, 1989; Cross, 1979;
Zemke & Zemke, 1995).

Adult Education Principles. Goals for learming dojectives ard the methods for
knowledge transfer and evaluation are inportant details for the educator to ex-
plain in order to assure a “buy-in” by the leamers as to the “what” ard “whert” of
the aviation leaming process. Since adilts carct ke “foreed’ to leam, it is
important to emphasize that the pilots, themselves, must meke that decision,
ard then “self-direct” the process (Brockfield, 1989) . oservation of new fresh-
men entering into collegiate aviatim prograns indicates that this “self-directiay”
is not the model that most high school graduates use. Tt is pivotal that universi-
ties and colleges facilitate their students to nove as quidkly as possible into the
adult leaming model .

In-depth Theory. In order for pilots to apply recently acquired knowledge to
new situations, they must have an in-depth understanding of systems and pro-
cedures. That is, a detailed conprehension of the why's, and not just the what’s.

Immediate Application. Followirng each flidht training classroon lessm, leam-
ers should go to a laboratory for immediate application of the lesson campo-
nents to reinforce the knowledge transfer on personal corputer-based flight
similator programs. Immediate, hands-on application of acquired knowledoe is
critical for adult leamning and reinforoament to tske place (Zenke & Zenke,
1995) .

Group Learning. Grop learming in smell “praxis teans” (crews) is particu-
larly applicable for aviation students. Graap leaming includes cogperative, ail-
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laborative, and doservational leamming. Cooperative learmning takes place when
the leamer teams give presentations ard fly similator missions as assigned by
the educator. In cotrast, collaoorative leaming takes place when the educator
mekes an overall assigment to the group for presentations or flight similator
missions, and the group itself determines who will do what, and how (Bruffee,
1995; Matthew, Cooper, Davidson & Hawkes, 1995; Zemke & Zemke, 1995). In
the collaborative leaming laboratory, the teams should “fly” approaches or Line-
Oriented Flight Training (IOFT) profiles, usirg “pilot-flying / pilot-not-flying” pro-
cedures early in their training to reinforoe multi-crew aonospts, as well as the
airline oriented challenge-arnd-response type checklists and procedures. Col-
lakorative leaming has proven to ke an especially reinforcing process for avia-
tors. The doservatiamal leaming elarent in group leaming includes a non-flying
team doserving the team that is flying in the collaborative leaming persaal
aarputer-kased flight similator laboratory . These doservational teams then pro-
vide a post-similator flight assessment. This group learmning component pro-
vides direct peer feedoack for the team who is flying, and dojective doservatianl
leaming for the nn-flying team.

Learning Style Theory. leaming style theary, thet is, the way pecple leam
best, is of amsiderable importance in developing and delivering aviation aca-
demic programs. One model suggests that there are three recognized primary,
or domirant, leaming styles: (a) visual leamers, who leam best by reading or
lodking at pictures; (b) auditory or aral leamers, who leam best by listening;
ad (c) hards-an, tactile, or kinesthetic leamers, who nesd to use their hards or
wole body to leam (Filipozak, 1995). If knowledoe transfer is to take place
within the entire classroom population, all of these dominent leaming styles
should be addressed in the academic envirament. Research of dominant learn-
ing styles (visual, auditary, or hands-an) underscores its importance to an inte-
grated learming model . Over the past five years, 507 pilots (ranging from private
pilots to F-16 pilcts) were admninistered a written instrurent to identify the re-
spandents’ dominent leaming styles, as well as to explore potential enhance-
ments and restructuring to aviation academic programs (Karp, Turmey, Green,
Sitler, Bishop, & Niemczyk, 2001; Karp, Condit, & Nullmeyer, 2000). The leam-
ing style assessment of the 507 pilots revealed that over 44% were hands-on
leamers, ard almost 55% were either hands-on, or an equal carbination of
herds-an and/or visual ar auditory leammers. In aoitrast to the mejarity of the
pilots being predominantly hands-on or an equal corbination of hands-on and
visual/auditory leamers, the research indicated that most classroom instruction
aviraments were auditory in nature with visual supplerentation, but very little,
if ay, hands-on leaming (Karp, Turney, Green, Sitler, Bishop, & Niemczyk,
2001) . In developing educational programs, it is important to know how pecple
leam the best, ard why they succeed. Because of the depth and corplexity of
the subject matter, aviation academic instructors must present the course ne-
terial inways that satisfy the different needs ard styles of the aviatio leamers.
Likewise, each student must understand his or her dominant leaming style and
meintain more fooused attention to the information when it is being presented in
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a teaching style that is not easily aarpatible with their leaming style. The agpli-
catio of leaming style theory is a mejor carponent of the AERO model .

Integrated Flight Training. Integrated training focuses an milti-crew proce-
dures fraom the begiming of flight training. By using airline-type procedires and
checklists, pilots have minimel “procedural” transition issues when going to the

Output. The goal of the integrated aviation learning model is to produce a
pilot who has lag-term retention of the knowledge, and can successfully apply
that knowledge to new situations without having previcusly encountered the new

Airlire Bridoe Training Model

While an integrated aviation leaming model, such as the AERO Model pre-
sented above, should enhance reinforced long-term retention and application
ard help accelerate qualified comercial pilot production, there is still a mejor
oep in the process to move those new pilots into the regiawl and major airlines
at a faster pace.

In a wmniversity flight program envirament, the traditiaal patlwey for a new
pilct to enter eligibility to ggoly far the airlires is tobuild flidht hours after gradu-
atiom. This “flying hour-based experience” criterion has been the standard in the
airlires for meny years as the vehicle far the U.S. civil-trained funre airline pilct
to “grow” experience ard “prove” his or her “motivation” to ke in this damernding
ard challerging industry.This flight time-based track usually is accarplished
first as a cartified flight instructar ((FI) ard then possibly as an air taxd pilct ara
comuter pilot. There also are a rumber of other avernes to build flight hours,
such as persaally firnded flying, crop dusting, bamer towing, ard traffic watch.
Once pilots acquire enough flight time, they can aply to the regiawl airlines for
arployment. Tt is important to note though, that during the typical two to five
years it takes to build the required hours to agoly for the regianl airlines, the
pildis not practicing or enhencing the airline focused milti-crew skills he or she
hed acquired in their wniversity’s flight training program.

In addition, when a regianl airline does acospt the pilot, the new hire has to
ke kesically retrained in airline procedures and multi-crew relationships—mek-
ing the pipelire to the regiawl airline cockpit even lager. In the regiasl air-
lires, they nomelly build additiaal flight tine as quidkly as possible to qualify
to amply to the major airlines. With the airline pilct shortage row just an the
horizan sarething miust be done within the selection and hiring process to
accelerate the flow of qualified pilcts into the regianl airlines (McCQrry, Karp,
Hayes, & Moman, 2002a) .

Cstructing a training and employment bridge fram the university with an

airline fooused flight program, to the regiawl airlines would be a mejor step in
gparming this gap. This bridge would ke based an proficiency in flyirg skills ad

Regional Airlines Bridge Training

193



194

airline procedures, in amtrast to solely basing enployment ogeortunity an flight
time as a prerequisite for goplication. While a move in this direction would ke a
large step by meny of the U.S. airlines, there are already sare regiaal airlines
addressing the issue of proficiency inlieuct flight time . For example, Mesa Ar
Group, through Mesa Pilot Development, has been employing for more than a
decade, this airline-fooused training, for individuals with ro prior flight experi-
ence, for direct hiring into Mesa Air Group as Fivst Of ficers. What is needed on
a more natiawl level, to bridge the camercial airline pilot supply and darend
P, is to establish formal relationships for training and enployment bridges
ketween mejor airlines, regiawl airlines, and universities, to lirk all of the con-
ponents together (McCurry, Karp, Hayes, & Moman, 2002b) .

For the major airlines to acquire pilcts with the rigt gkills ad trainirg, it
with fewer flight hours, they could consider forming training and employment
relationships with regiasl airlines to help establich training criteria and partici-
rate in a pre-training selection and screening process. This will help assure the
quality of the pilots camirg to them fram their affiliated regianl airlines. The
mejar airlines cauld, in tum, offer the regiarl airlines’ pilcts the gqgoortinity far
erployment processing after a specified time-period in tre affiliated regiael
airlines. This will assure the nejor airlines of a pipeline of experienced pilcts at
knomn intervals and will allow the regiaal airlines to keep their experienced
pilots for a predicable timeframe, helping the regiaal airlines to predict their
training requirarents ard to recruit the correct ninder of pilots at the right time.
Likewise, the regional airlines should form training and employment relation-
ships with universities to establish the sare training criteria and evaluation and
assesgment process. Similar to the mejor airlines’ relationships with the re-
giasl airlire pilcts, the regiawl airlines could offer the gqoportunity for arploy-
ment processing for the new pilots when they graduate from the wniversity with
which they have established a “First-Officer training progrant’ pipeline.

The actions required to sugport this initiative require a formal agreement o
assure that the needs arnd expectations of all of the participants (fram the uni-
versity studats, to the regiaal airlires, to the major airlires) are met. If the
investments are to be made by all parties concerned, they must be made with
certain assurances.

The formet to Establish an Airline Bridge Training Model (Figre 2) details
some components of a training and employment relationship that could poten-
tially aceelerate the production of airline quality pilots fram a university aca-
danic flidht program towerd eligibility for etry into a specific regiasl airline’s
first officer training program. The model would ke based upn a faur-year univer-
sity aviation arriailum; a highly structired airline flight training program; aon-
timous screening, evaluation, and assessment; ard a hiring interview by the
regianl airline after successful aopletion of the bridee training program. Tn a
parallel effort, the regiawl airline shauld establish similar agrearents with ma-
jar airlines to provide the quality ard quantity of first officers thet they need. The
regiamal airlines would benefit by hiring a pilot who they helped select and who

International Journal of Applied Aviation Studies



was trained using procedures that they helped develop. Additiarlly the regiasl
airlines could have the services of those pilots for a set time-period, as estab-
lished in agreements with the mejor airlines with which they have aligned them-
selves. The mejor airlines gain by having an inpact an the quality of training arnd
experience received in the regianl airlines ard being able to forecast the avail-

X Arizona State Uhiversity, this airline bridge training model has expanded
an the success of the Mesa Air Pilot Development and San Juan College pro-
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gram in Farmington, New Mexico. The Farmington flight training program has
been in existence since 1990 and has been highly successful in producing
pilots far dirvect hire into Mesa Air Group. For the past ane ard ane-half years,
Mesa Air Group has been placing graduates of the program inmediately into the
right seat of regiamal jets, with a 95% new hire pass rate. Overall, these gradu-
ates represant less then 1% of failures durdirng all airline new hire fligtt training.
Mesa Air Group feels that this success rate is due to the structured envirament
of their program and continucus student assessment. Mesa Air Grogp antici-
pates the same lag-term results with the new airline bridge training program
with ASU (Mickey Moman, Mesa Air Group Vice President far Training, Mesa,
A7, perscnal comumication, August 8, 2001) .

Tre first step in the Adrlire Bride Training Model would be the establishment
of the wniversity ard regiarl airline program. Because the aarpetition for quali-
fied pilots is getting increasingly nore intense, these bridee training relation-
chips must be highly piblicized. In this area, because of limitatians in most
universities’ budoets, the regiaal airlines will prdeebly have to meke nost of
the initial investment in advertising the newly formed training and employment
program with the university .

Since Mesa Pilot Develgoment was corpetitively selected as the flight aon-
tractar faor the ASU flight program, it is in the ootract that Mesa Pilot Develoo-
ment publicize and advertise the ASU program in camection with their other
highly successful Mesa Pilot Development two-year program with San Juan
(ollege in Farmington, New Mexico. Arizam State University will recruit stu-
dents for the four-year flight and academic program, leadirng to a Bachelor of
Science degree in Aercnautical Management Technology, ttrarch the thiversity” s
academic market and advertisement programs.

A mejor aanponent of the airline bridge training model should ke to seek aut,
attract, ad recruit dl of those individuals who have been evaluated and have
damastrated the potatial to e suocessful airlire pilats. In lire with this effart,
additionl action nust be taken to identify the sdwlarship fuds and lcans
necessary to support the flight training and academic education for those who
have the potential to be comercial airline pilots, but not necessardily the firds.

Airline Bridge Training Model Concepts

The academic ard the flight training concept should based on airline proce-
durres, including “dhallenge arnd regponse” ard “callout” checklists, similar to
those used by the airline partrer, in the case of the ASU/Mesa Pilot Develop-
ment Bridge program, the students use the same format and procedures as
Mesa Air Grop pilats flying the lire in a regiasl jet airlirer.

Students should fly in “team doservation flidghts,” with an instructor pilct an
board, whenever possible to provide twice the flight situaticnal exposure than
sirgle-pilot/instructar training. Soudents will switch sests after the fivst flidht ad
the second student will fly while the secand student doserves. In the advanced
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stages of training, in the regiaal jet flight training devices (FID) and notion-
lased regional jet flight simulators, the second student crewmarer will meke
all the “pilot-not-flying” radio calls ard dedklist calladts, just as they would
when flying the line.

All acadamic groud courses go in-depth into the theoretical “why’'s” of avia-
tim, not just the “what’s.” Extensive use of immediate hands-an application
using PC-based flight simulator programs is used in the academic courses.
Instrurent pilot ground school, commercial pilot ground school, the advanced
air revigation course, the airline instrument procedres coarse, ard the certified
flight instructor-instrument course all have flight similator laboratories that
extensively use PC-based Aviatio Training Devices, with flight similator equip-
ment and programs, to reinforce the classroom instruction and to provide the
student with interactive Air Tif fic Gontrol radio camunications. Additiawlly,
these classes use a camputer based-training and video laboratory to empha-
size airline systemns, including glass cockpits, flight menagement systems,
and gldoal positioning systems.

Evaluation and Assessment

En essential aarponent of ary First Officer training program, is an intensive
and an-going evaluation and assessment effort (Figure 3), which will be aon-
ducted jointly by the university ard the regianl airlire. In such a bridee training
program, the regiawl airlines must participate with the university in determining

In the case of ASU/Mesa Air Group airline bridoe training program, the selec-
tim program will take place over a for-year period, with certain specific arual
milestones to be evaluated. For exanple, when students are accepted into the
ASU flight program, they must be first accepted into Arizana State University,
which has established minimm grade point averages fram high school, ranking
in high school class, SAT scores, etc. Onoe accepted into ASU, the student
selects a degree program in Aercnautical Management Technology, witha “Pro-
fessiaml Pilot” concentration, and registers in a minber of set courses, e.g.,
private pilot ground school, meteorology, ad the flight safety course thet is
associated with the private pilot certificate. The students also should ke able to
attain at lesst a first—class FAA flight physical. Senior menbers of the faculty
from the ASU Department of Aeronautical Management Technology and Mesa
Air Group/Mesa Pilot Develooment will conduct each of the phases of the four-
year Alrlire Bridge Training Model Evaluation and Assessment, which also will
include class attendance, professianal attitude and conduct, ard the student’s

In the first savester private pilct flidht safety corse, if not given befare the
first semester starts, students will e given a series of assessrent tests by
Mesa Pilot Development and the AMT Department to determine the students’
“potential for success.” This initial assessment (Pase I), which will include a
race of cognitive ability, temperament, and knowledge tests, will not be the
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Figure 3 .nirlire Bride Training Model Evaluation and Assessment .

sirgle deciding factor m entry into the airlire ridee training prograw; it is,
however, a very important assessment. At the begimming of the fourth savester
(secaod year) ard the sixth sarester (third year), all the students in each co-
hort “class” will be evaluated by a review board of ASU flight faculty and Mesa
Pilot Develgorent instructors. These evaluations are part of the an-going pro-
cess to help the students to remein o track for selection for amtirued partici-
patim in the airline bridee training program.

In their fourth semester (secad year), the students will be assessed (Phase
IT) using evalvations fram their private pilet flight instructar and evaluatians fram
their private pilct, meteorolagy, comercial, and instrument ground instructors,
as well as their grade point averace.
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During their sixth sarester (third year), the students will be assessed (Prase
IIT) based an the evaluatians by their comercial certificate, instrurent rating,
cartified flight instructor (FI) rating, ad certified flight instructor-instrurent
(L) rating flidt instuctars. 2dditiaelly, they will be assessed by their CFT
and CFIT grourd instructors ard by their grade point average. At the conclusion
of the sixth semester assessment, the selection will be mede to determine if

the students will atternd the Regiaml Jet Qperations course in their senior year.

If a stuwdent is selected for the Regiawl Jet Qperations Gourse, it will ke a
substitute for the Boeing 737 Airlire Aircraft Systans corse that is a flight
program core curriculum requirement. Also, after the sixth savester evaluatio,
students who were selected for the Regional Jet Operations Course will have an
agoportunity to interview with Mesa Pilot Develogrent to be a flight instructor.
Note: The Regional Jet Operations course will be modeled after a typical RJ
new hire indoctrination course, but geared to the students’ level of knowl-
edge ard experience, and will include sore limited full-motion based RJ
similator time with the instructor. Students enrolled in the Regiamal Jet Op-
erations course also will have access to Mesa Air Group ‘s regiasl jet Pilcc
Training Modules (PIM), as well as RJ training meruals, videos, and com-

The Regicnal Jet Operations Course will be focused an teaching the stu-
dents about RJ equipment, systems, and operations, as well as presenting a
further ogportunity for Mesa Air Group to assess the ASU students as potential
future employees. Attendance in this course will be allowed anly if the students
have received recommendations to aontimue in the bridge training program at
the begiming of the sixth seamester (third year), assuming that they have re-
mained in their original “class” adhort group.

Note: Students nct selected for the RJ Operation Course or to interview with

Mesa Pilot Develogrent for a flight instructor position are encouraged to

instruct with other flight providers ard catirue their preparation to apoly for

regiaul airlines after gradatian. The ASU Aeronautical Management Tech-
rology Departent will work with any regicnal airlines that desire to estab-
lish intemships ar interview these extrarely well qualified pilcts.

At the end of the eighth samester (fourth ), each student will be as-
sessed (Phase 1IV) by the Mesa Pilot Develooment chief pilot as to the student’s
performence as an instructor .This assessment will be made based on imput by
the Regianal Jet Operations course grourd instructor, by the ground instructors
for air navigation ard airline instrument procedires courses, by the milti-engine
groud ard flight instructors, and by their grade point averages.

As the pilot approaches graduation and successful caompletion of the
wmniversity’ s bridoe training program, the pilot is ready for advanced acadamics
ard similator training in regiawl airline equipment. When possible, this should
e acoamplished at the university location as part of the final enployment se-
lection process.
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Regional Jet Simulator Training

The regiaal airline should meke the investment in placing a similator at the
wmiversity, which aould serve also as the locatio for the regiawl airlines’ ped-
odic initial /recrrent similatar training. To meke such an expensive, collabora-
tive venture successful, the university could provide the academic classroors
ard administrative gpace, as well the similator space. 2dditiawlly, the airlire
similator located at a university would ke an extrenely valuable recruiting and
retatim asset far both the wniversity ad the regianl airlines’ fivst officer train-
ing program. Also, an airline similator located at a university would permit the
regiasl airlines to establish indoctriretion classes faor their lire pilcts, far FAA
credit, which could ke taught by aporoved ard certified wniversity faculty, ad
flomn in the an-site similator .

In the case of the Arizona State University/Mesa Air Group airlire bridege
training program, ASU is providing Mesa Air Graup with space for regiawnl jet
simulators, classroans, and of fices; accordingly, Mesa Air Group will arrendge
far regiaal Jjet similatars to ke positiaed at ASU for their pilots attending new
hire, uograde, recrrent similator training. In retum for this space, Mesa Air
Group not anly will teach the ASU Regional Jet Operations course, which in-
cludes time in the RJ motion-based level D simuilator, bt also will exall their
carpernty pilots attending level-D similator training at ASU as Arizona Statue
University contimiing education students. In February 2002, Mesa Air Group
and CAE, the similator provider, campleted installation of (RJ and an ERJ
level D similator in the Arizam State University similator building, setting into
motion a critical step in the Alrlire Bridge Training Model.

Selection for Hiring Interview

After the eight-semester evaluation and assessment process (in the fourth
year), ard successful oarpletion of the ASU/Mesa Air Group Alrlire Bridge
Training Program, the new graduates are eligible to suomit an application to
Mesa Air Grop for a hiving interview.The specific assessment elements for
review will be developed by Mesa Air Group and each incoming first semester
freshmen will be briefed by Mesa Air Group as to the depth of the assessment
ard evaluation process before they ever begin the airline bridge training pro-
gram.

After successfully campleting the advanced academics and similator train-
ing and graduating fram the university, the new pilct is reedy to join the regiasl
airlires, enter new-hire flidt training, and then quidkly start flyirng the line. These
new pilots should ke able to move directly into the right seat, armed with a
working knowledge of aurrent airline procedures, as well as the individual re-
giawnl airlines’ flight procedures ard equipment specifics.

Arizona State University/Mesa Pilot Development
Airline Bridge Training Model

The carplete Airline Bridge Training Model (Figure 4) uses the relatianships
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between Arizona State University and Mesa Air Group as an exanple for other
wniversities, colleges, ad regiael airlines to austanize for their gpecific needs
ad cgpebilities. ASU and Mesa Pilot Development, in cooperation Mesa Air
Grap, are conducting an-going research to validate the “predictability for suc-
cess” of the initial testing and skills assessment of the new fredhmen. This
eight-year langitudinal study assesses academic and flight performance during
their undergraduate program ard then amnsiders their progress as a First Officer
in Mesa Air Group until they becore a Coptain. The results of this research will
e made available to academia and the airline industry as further conclusions
are reached.

A Irline Bridge Tralning M odele
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Igure 4 . Arizana State University/Mesa Pilot Developrent Airlire Bridye Train-
ing Model .
Summary

The first seven students graduating from the Arizana State University/
Mesa Pilot Development Airline Rridge Training Program suomitted their appli-
catians in 2003 to Mesa Air Group and were subsequently hired as First Of ficers
ard assigned directly into regiawl jets. All of these new hire pilots have suc-
cessfully ampleted training and are flying the line. The next class of graduates
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has just started the application ard interview process. Mesa Air Graup feels that
although the 100% success rate for the first group of graduates is a very gocd
indicator of the effectiveness of the program, the sanple size of seven is still too
smell to meke any predictions that future graduates will have the same 100%
hiring and training carmpletion success. However, Mesa Air Group is very en-
aouraged with the quality of this first airline bridge training program graduating
class ard feels that the jointly designed wniversity/airline bridee training pro-
gram is just what Mesa Air Group needs to help acquire new pilots who have
hed an airline-fooused university education ard flight training using specific Mesa
Air Group checklists, procedires, and disciplines to be part of Mesa Air Group’ s
rapidly growing regiael jet flest Mr. Pete Hayes, President of Mesa Pilot Devel -
opment, Mesa, AZ, personal commmication, Jaruary 6, 2004) .

Recommendations

1 Aviation education ard training institutians should adopt an integrated
aviation leaming model, such as the AERO Model in Figure 1, which uses the
adult education paradigm and cooperative arnd collaborative leaming tedmiques,
in axcert with PC-oased flight similator programs ard flight training devices for
inmediate classroom hands-on application of airline multi-crew cockpit proce-
dures.

2. Fomel relationships should be established between universities and re-
giasl airlires far perticiparion in the pre-training selectio process, training pro-
gram develogrent, ard early identification for employment, as detailed in the
Establishing Airline Bridge Training Model in Figures 2 ard the full Airlire Bridoe
Training Model in Figure 4.

3. A rational evaluation and testing pre-screening process should be devel -
opd, validated, and implemented to assess interested high school students to
see if they have the potantial to ke airlire pilats. All individuals whose testing
ard evaluation indicate a high propensity to be successful in aviation should ke
encouraged to pursue careers as conmercial airline pilots.

4. Scholarships and high-value loans should ke developed to aid those indi-
viduals who have been evaluated and have demonstrated that they have the
potential, but would otherwise ke wable to capitalize an their ability and desire
to attend a wniversity ar college and aarplete an airline-foaused flight training
arrriculum with the goal of becoming comercial airline pilots.

5. A retiasl aviation imdustry, university, and govermment aviation education
ard raining coalition should ke created. This joint coalition would be an an-going
forum to define comercial pilot needs, develop training standerds, fumish avia-
tion education ard training aomospts to provide the industry with the best trained
ad the safest airlire pilcts in the world.
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Abstract

This paper combines a synopsis of the literature with the findings
of a qualitative study of the management and leadership styles
and relational competencies exhibited by leaders in the field of
aviation. Only one study has crossed the many subspecialties in
the field of aviation. That study combined with data from available
literature offers an emerging profile of management styles and
competencies specific to aviation leadership. The self-reported
management and leadership styles of aviation leaders highlight
the siteticel aspect of this highly volatile environment but are
mindful of the relational or emotional side of leadership even in
times of crisis. Although primarily perticipetary in style, most stud-
ies indicate that effective aviation leaders exhibit strong directirg
behaviors during times of crisis but are conscious of the impor-
tance of the emotional and relational aspects of their leadership at
all times.

Requests for reprints should be sent to Beverly Laughead, FAA Academy,AMA-500-0U,
P.O. Box 25082, Oklahoma City, OK 73125.

205



206

Introductian

The study of aviation management and leadership styles and competencies
generally has been oonfined to military combat crews, comercial transport
crews, spaceflight crews, and incident commernd roles rather then aviation orge-
nizatiawl leadership. An analysis of previcus aviation leadership research com-
bined with a qualitative study of aviation argpnizatiasl leaders provides an aeverg-
ing profile of menagement styles and carpetencies specific to aviation leader-
ship. This aralysis offers sore valueble insight for aviation professianals begin-
ning with a brief overview of leadership in general, followed by a description of
sore of the competencies that conprise success or failure, and concluding
with a sumery of the findings.

Contemporary Management and Leadership Research

Colemen, Boyatzis, and McKee (2002, p. 3-5) in Primal Leadership idati-
fied Hrotioal Quotient as ane of the prinery factors in leadership today . Their
work and that of many others have recoognized the urgency of the feeling o
emotional side of the leadership and menagement equation in today’s erviron-
ment. Golemen referred to the emotiarl task of the leader as the “original ard
the most inportant act of leadership” in that leaders bring aut the best in every-
ane when they drive emotions positively. When they fail to drive emotians in the
rigtt direction, nothing they do will work as well.

Groaded in the findings of neurolagical research and the study of the brain,
the concept of emotional intelligence or Emotional Quotient (EQ) provides a
clear picture of the carmpetencies that work and do not work in leadership.
Goleman, et al, identified Fwticnal Intelligence Dorains as self-awareness,
self-management, social awareness, and relationship management and noted
that effective leaders typically exhibit at least ae specific corpetency in each
damain (Goleman, Boyatzis, & McKee, 2002, p. 38-29). Recent studies in which
they analyzed data from some 500 competency models of glabal companies
revealed that the higher the rark of those considered Star performers the more
enotianal intelligence campetencies emerged as the reason for their effective-
ness. Purely cognitive campetencies such as teclnical expertise surfaced as
gkills needed to do an average jdb. Significant strengths in aralytic reasoning
abilities added just 50 percent more profit and emoticnal competencies such as
self-management added 78 percent, social skills 110 percent greater and those
in self-regulation competencies added 39 percent incremental profit .

Transformational leadership irvolves the process whereby leaders use rela-
tiaml carpetencies to develop followers into leaders. According to Bums (1978),
transformational leadership occurs when pecple raise each other to higher lev-
els of motivatio. Awvolio (1999) stated that transfommetiael lesdership is morally
uplifting . Such leaders are desply trusted and exhibit the moral perspective to
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warrart such trust. Their willingness to be wulnerable ard to self-sacrifice huilds
travendous trust among followers alayg with identification in their mission.

In a 1997 study by Ross and Offermarm, the ability of leaders to revitalize
orgenizations to meet conpetitive dallenges was the kasis for a study of trans-
formatianal leadership, persanality attrilbutes, and work group performence. They
fourd that transformatianal leadership can be predicted an the kasis of persm-
ality attrilbutes as assessed by subordinates ard that an enabling persanality
profile characterized by encouragement and acceptance was strongly predic-
tive of transfametianl leadership ratirgs.

For these reasons, Sergiovarmi (1990) and others referred to transforma-
tional leaders as moral agents who focus theamselves ard their followers on
achieving higher-level missians resulting in higher levels of trust, loyalty, ad
perfomence. Relationships built an trust provide the building blocks for the vital
force that differentiates the average team fram the highly develgped ane ard the
exenplary leader from ane who simply gets the jdo done (Awvolio, 1999) . In sum,
transfametiael lesders raise the level of idatrification, moral meturity, and per-
Spective of those they lead. They broaden and enlarge the interests of those
they lead and over time, develop their followers into lesders.

Kouzes & Posner (1995) surveyed 60,000 or more respondents from all orga-
nizatiawl levels in a variety of public ard private crgenizations and discovered
recurring pattems of leadership success, most of which emphasized the emo-
tiawl or relatiawl agpects of leadership. They fourd that leaders dallence the
process, inspire a shared vision, enable others to act, model the way, ard en-
courage the heart. They further asserted that love - being in love with leading,
with the people who do the work, with what their orgenizations produce, and
with those who honor the organization by using its work — may be the best kept
leadership sacret of all. Ths, leedership is an affair of the heart, not of the heed.

Retired General Normen Sclwerzkopf believed in love. During an interview by
Barbara Walters, she asked him how he would like to be remembered. He
replied, “That he loved his family . That he loved his trogps. And that they loved
him (ABC News, 1991) .” The famous coach of the Green Bay Packers, Vince
Lombardi, enphasized love as well. He made the following remarks in a speech
kefare the American Management Association: “Mental tougmess is humility,
ginplicity, Spartanism. And one other, lowe. I dm't necessarily have to like my
associates, ut as a persan, I nust love them. Iove is loyalty. Love is team
work. Love regpects the dignity of the individual. Heartpower is the strength of
your oorporatian” (Peters & Austin, 1985, p. 341). When leaders encourage
others, through recognition and celebration, they ingpire them with courage -
with heart.

All of these studies stressed the enoticmal and relational oconpetencies of
leaders as major aotributors to effectiveness in the role. The following findings
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in the aviatio field are amsistent with these previcusly discussed leadership
styles and competencies.

Management and Leadership Styles in Aviatim

Tn a 1995 isswe of Aviation, Space and Environmental Issues, Nichols ard
Parmell described their literature review of leader characteristics and autoares
from four enviraments: aviation, suorersibles, polar stations and expeditions.
Their aviation leadership studies irwvolved combat barber crews and more re-
cently comercial transport crews.

Their research explored 23 sources ard their findings indicated that aviation
leaders shared a camm core of persanal traits and leadership styles. In com-
paring their findings across sources, anly two aontradictions surfaced with a
negative association between leader ansideration and leadership effectiveness.
Leadership ansideration (friendship, trust, wermth) or the relatiasl side of lead-
ership was positively associated with leader effectiveness in every study exospt
with World War IT baroer comernders. In wartime, initiating structure or finding
ways to get the jdb done is what counts the most and effectiveness is based an
a crew’ s ability to hit the target, whatever the sacrifice. However, even during
barbing nns and critical incidents where an air crew was down, the survival of
the crew often hinged an the ability of the leader to use relatiamal skills and keep
the crew focused an the task before them.

The profile that ererged fram their research was that of a leader who worked
hard to achieve mission dojectives, was optimistic, comended the respect of
the crew, used participative decision-meking but tock dherce in critical situa-
tions, was sensitive to crew marbers feelings and mede them feel valued for
their expertise and persaoal qualities and maintained group harmoy and cohe-
sion. Nidhols & Parmell, 1995, p. 63)

Flin (1997) described attributes of a successful incident comerder in terms
of persorlity duracteristics as: leadership ability that inspires trust and com-
merds respect; a stable persoality that demonstrates emotional stability,
meturity, and steadiness; and the ability to formulate ard implement decisions
under pressure and determine when to use authoritative or ansultative decision
meking style. These attributes also parallel emergency aviation services per-
sarel, e.g. Alr Force ard intemational camercial airlines.

Aviation Orgenizatianal Leadership

Although very little research has been doe an aviation organizatiaal leader-
ship styles, a aursory review of the literature and an analysis of comercial
airline successes and failures provide sare interesting insights.

Students of an aviation leadership graduate class at Cklahare State Univer-
sity recently were assigned to research the literature pertinent to the history of
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the mejar air carriers for insidhts an the leadership of those airlines thet failed as
well as those which still exist. They were asked to amalyze the style of all of the
leaders of each conpany and determine what, if any, cotrilburion each of the
leaders had mede to the success or failure of their companies. Zn additiawal
part of their leaming assigment was an analysis of each airline to determine
whether the “Soutlwest style” might have mede a difference in the success or
failure of the conparty, even in the evirament of aviation during the era the
companies existed. Southwest Airlines, which has been profitable for over thirty
years and aonsidered by most to be the world’s most successful airline, was
used as the standard-bearer of effective leadership for dovicus reasans (Gittell,
2003) . Their enphesis on the enotianal aspect of leadership is readily apparent

The cutaare of this class assigment was that, in literally every case, there
appeared to be a direct causal relationship between the leadership style ard the
ultimate success or failure of the conmperny . Almost without exception, those
campanies that went out of business began their trend dowrward with the ad-
vent of leadership that struggled with the relatiaal side of the leadership equa-
tion. Frequently those conpanies could not recover even when replaced with
strang leadership. The consensus of the students was that leadership not anly
was related to success, but also wes causal in that most, if not all, cases of
failure that occurred when a menager or leader who was weak in relational com-
petencies started the company down a path from which they could never fully
recover .The oonsensus of the students was that the Soutlwest style is a prod-
uct of a culture that has been carefully nourished over time to meet the needs of
the culture of today’s workforce. Tt would have represented a drametic shift for
the workforce of an earlier era and might have required gradual progression; but
even a benevolent dictator, who of fers some aconcem for the emotional or rela-
ticmal side of leadership, might have had a better chance for leading a carperty
to success than sare of the leaders did.

Self-Reported Management and Ieadership Styles of Aviation Leaders

Barmis and Thomas (2002, p. 123) reminded us that regardless of the era,
leaders share certain comonalities. “Geeks” (leaders age 35 and under) be-
lag to a digital era of flat orgenizatians and “Geezers” (leaders or grardperents
of Geeks) are from an analog era of organizaticnal hierarchy and chain of can-
merd leadership. In spite of the differences in eras, Bemis and Thares were
able to identify a ILeadership Development Model of leadership competencies
that crosses all generations. Those conpetencies included adaptive capacity
(rerdiress, crestivity); engaging others by creating shared meaning (empathy,
dbsessive comumication); voice (purpose, self-awareness, HQ); ard integrity
(competence, ambition, moral conpass) . They also pointed cut that we learn
as much about leadership from failures as from successes. Many of the leader-
ship failures in the airline industry demmstrated a glaring deficit in those con-
petencies related to the emotiaal side of leadership.
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As denonstrated by the previocusly discussed work of Bermis and Thomas,
ae of the best ways to leam about leaders is to ask the leaders. Qe of the
most recent studies that crossed occupatianal specialties of aviation leaders
utilized interviews to surface valuable data about menagement and leadership
styles. In a gmell 1998 qualitative study of the Gharacteristics of Successful
Aviation Ieaders in Oklahare, eighteen aviation leaders from a variety of differ-
ent aviation specialties were interviewed regarding their menagement arnd lead-
ership styles. Participents chosen for the study were defined as successful
aviation leaders if they had achieved the top rarked position in an aviation orca-
nization or had achieved a position of influence in the cammnity as an aviation
leader .Their orgenizations ranged in size from three to 20,000 enployees and
the sagpe of their respansibilities ranged fram 1ol to intematiawl (Kiutz, 1998) .

Each of the leaders in the study was asked a series of questions pertinent to
their perspectives of their own aviation menagament and leadership styles. One
of the questians requested that the leaders describe their menagenent or lead-
ership style. A follow-up question was soretimes asked to spur thought. That
questim offered descriptors ard asked if the leaders saw thenselves as nirturers,
protectors, prdolem solvers, pushers or sare other appropriate term.

All of the aviation leaders interviewed mentioned multiple menagement and
leadership styles and aenphasized the relational side of the equation regardless
of the style. Most described thamselves as participatory menagers with a back-
w style of directing . However, they used relatiasal terms to describe their style
even when it became necessary to resort to directing. The term most frequently
used by participants to descrike their omn style was that of facilitator; and most
of the temms addressed soft skills or interpersaml skills such as motivator,
energizer,coach, mover, communicator, rewarder, protector, and teacher or trainer.
Such descriptors as honesty, openness, sensitivity, sincerity, warmth, listener,
caring, trusting and feeling were often used to describe the relatiaal aspects of
their primary leadership daracteristics associated with their style.

(e of the leaders offered a unique exanple of the emotional quotient at
work under unique circumstances. He described himself as a Situational man-
ager who leads by providing a bit of direction and vision but acknowledged that
saretimes direction IS direction in an emergency and that direction can be an
important part of the emoticwl quotient of leadership. Frotians nn high during
crisis ard the ability of the leader to diagnose ard deal with those powerful
feelings and emotions associated with life and death becore paramount not
aly for the leader but for the followers. Saretimes that means directing. Even
in an aircraft accident with bodies all around and pegple upset, saneane has to
take charge. He offered an example of a circumstance when direction became
necessary to deal with the enoticnal quotient after the barbing of the Murrah
Building in Cklahoma City. His menagers later described his firm, motivatianal
talk soon after the incident as ane designed to remird them that they were
selected to lead the people regardless of their omn persawal emotions or grief.
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Aocording to this leader, when things settle into a state of nomelcy, the eno-
tianl side of leadership is ro less inportant in that it is awe aggin inportant to
listen and provide ggportunity for participation and even failure. Regardless of
the demerds of the situation ard the managarent style in use in a given situa-
tion, it was readily apparent that the enotianal side of leadership was always a
omsideration.

Arother aviation leader described his persamal style as democratic lesder-
ghip ar dictatorial depending on the circumstances. He elaborated by describ-
ing himself as very damending as far as standards are concermed. He believed
in the importance of doing sarething right or not at all, which meant striving for
excellence and not settling for secand best. He believed that the relatiaal as-
pect of menagament and ability to dotain buy-in from those who reported di-
rectly to him was an important part of achieving that excellence. If that was not
possible, he begen “dealing in the dictatorial sector of the spectrunt’  (Kutz,
1998) ever mirdful of the inpact of his actians am relationships in the orgpniza-
o

One of the leaders in the Kutz study who described hinself as participative
recognized that he was surrounded by capable adults who do not need to be
treated as children. He described his role as a aoach who provides the training
and resources then gets cut of the way so that people can do their jdos. He
stressed the importance of family life and emphasized that pecple who put in
eight-hour days must be working smarter than those who put in 12 hours days.

Still another of the leaders described his style based an feedback received
fram three Blake and Mouton Managerial Grid Seminars. He described his feed-
back as 9,9 ar participative ard team-oriented with a backip style of 9,1 or
directive ard production oriented. He expressed concern with a tendency to nn
aut of patience too som and becare directing. He recognized that after a crisis
when things retum to nommal, an autocratic style can damege an organization
ard that the relatiaal side of leadership carmot be neglected regardless of the
circumstances.

An interesting outcore of all of the interviews was that nae of the leaders
described a single daminent style for all coccasians. Although they most fre-
quently described their preferred style as participatory, which implies concem
for relationships and enctians, they often resorted to a directing style in times
of crsis. Yet, even when their preferred management style was directing, they
referved to a participative badk-up style. All of the leaders repeatedly expressed
their cocems for the relatiowl side of leadership. Sore of the leaders were
concermed encuch for their own relationships with their enployees to suggest
that a parallel study should be conducted asking their employees the same
questions to see if the pergpectives of their leaders were amsistent with the
leaders’ perspectives of their omn styles.
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Leader Self-Aralysis of Aviation Leadership Compared
To Other Leadership Roles

When asked to define successful aviation leadership and distinguish the
difference between aviation leadership and other leadership roles, the answers
most frequently addressed the importance of high standards in getting the jdb
doe ard achieving the mission; tapping the passion ard love for aviation to
achieve maximum performence; and emphasizing the ability to balance
imovativeness with risk taking. Although the interviewees were divided equally
in their gpinians of the uniqueness of aviation leadership, they were not divided
o the inportance that erctions and relatianships play in a high-risk, volatile
evirament such as aviation. Approximetely 50 percent saw no dif ference in
aviatio leadership and that of other organizations, but cited the importance of
mission, influence, notivation, ard relatiaml skills in achieving success. Sare
of the anes who saw no difference qualified their stateaments by mentioning the
importance of the safety factor, the risk, and the flamboyance (the perceived
love) for the business and the need to be cognizant of the emotional aspect of
each of these factors.

Those leaders in the Ktz study, who did perceive the aviation leadership role
as unique, cited such reasans as the wolatility, cgpital intensive, and carpeti-
tive nature of the aviation ewirament; the glass ceiling based an ratio of waren
to men in the industry; a perceived greater enmphasis on quality because of the
unforgiving nature of the professian; the nore structured and requlated aviation
awvirament; the critical importance of being futuristic and visianary in such a
volatrile imdustry; the impact of the overall mission an the pdolic; the tedmical
requirenents, ard the overall love for aviation — which spesks to the inportance
of the emtianl or relatianl side of leadership.

Overall, the general profile of aviation leadership that emerged fram all of
these discussians with the Oklahoma leaders was ae of flexibility of style with
the dominent style of participation end amsideration sugported by ability to
transition quickly to directing but with a contirmal awererness of the relatianal
needs of the organization. By providing doice and flexibility, aviation leaders
are mejor aontributors to enriching a sense of persanal well-being and increas-
ing performence (Karasek & Theorell, 1990) . If leaders went to reach higher
levels of perfomence and less dependence, they must be proactive in designing
tasks that allow pegple discretion and choice. Having fledbility means being
liberated fram a standard — non-transforming - set of niles, procedures, ar sched-
ules as circumstances permit with a contimal awareness not anly of the mis-
siomn but also of the needs of the pecple respansible for achieving the mission.

Summary of Findings

Leaders are pecple who understard that without vision, there is no leader-
ship; without honesty ard trust and respect for the relatianal aspect of leader-
ship, there is no comunication; without comunication and a common core of
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values, there is no perfomence; and without the confidence and commitment to
reach aut ard try new things, there is no risk taking or lag-term success.

In this review of the literanre, althoch leaders in differant coauetiarl see-
cialties may paint a self-portrait using a variety of different “eadership style”
descriptors, a mmber of amsistencies actually surfaced amog these different
occupatiaal specialties. The transformetional leaders capsable of transforming
organizations, regardless of the different erviraments, share sare comonali-
ties of style and carpetence that can be labeled cmsideration, influence, emo-
ticul intelligence ar any of a variety of descriptars that geerally result in a
more participatory menagement style.

Although the perceptions of aviation leaders may vary sarvewhat it terms of
the unique qualities necessary to survive in an aviation leadership envirament,
dl epressed attributes and comaalities of style with leaders in different
ocooupatianl specialties. There also were striking similarities across the differ-
ing occupations pertaining to backup styles that are used when circumstances
necessitate speed of direction and decision-meking. The implications of the
research findings indicated the inportance of flexibility in leadership and the
developrent of a range of styles that permit rapid decisive response as needed.

Given the carplexdities of leadership in the 21% cantury, the authors kelieve
the impact of leadership styles and power issues will demerd contimucus re-
search in uwderstanding the emtional side of menagement ard leadership in all
ocaupatianl specialties, particularly aviation. One thing is certain, the eo-
tional or relational side of menagement and leadership carmot be neglected in
the gldoal world of aviation where pecple use aircraft for every purpose from
camerce to weapns and where responsibilities range from recreational to
mxetary to life and death issues.
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Abstract

Since the Airline Deregulation Act of 1978, major airlines have aban-
doned point-to-point service adopting the hub and spoke system.
“Hub depeaking, which spreads flights out during the day instead of
arranging them in the peaked connecting banks previously used,
aims to promote higher aircraft, employee, and gate utilization with-
out making large schedule cuts” (Goedeking, 2003, p. 93). With
American Airlines in turmoil after September 11, 2001, combined
with the loss of business travelers, American Airlines began experi-
menting with a “rolling hub” concept, also known as depeaked hubs.
Chicago O’Hare was the first to utilize this experiment in June 2002,
followed six months later at Dallas/Fort Worth. American has not
attempted to implement rolling hub operations at their St. Louis,
Miami, or San Juan hubs due to a decline in passenger revenue that
necessitated parking aircraft and furloughing crews. Depeaking was
estimated to create the equivalent of 17 new aircraft saving the com-
pany $1.3 billion of future capital spending.

TIntrodction
The hub-and-spoke system came into existence after the federal govermment
deregulated the airlines in 1978, renoving federal aotrol over airlines’ fares ard
services. Airlines could now set their own prices and meke their own decisions
recprding merty aspects of operation including routes, in-flight service, corpo-
rate attitude, and quality of service they were willing to provide.

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-500-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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Befare the Airline Deregularion Act of 1978, the Civil Aeronautics Board (CAB)
axtrolled all airline goerarians — everything from tidket price to raute structure.
Sare (AB merndated routes were not profitable, but the (BB awarded lucrative
radtes to of fset losses. In 1977, econamist Alfred Kahn assumed CAB Chair-
men duties ard quickly realized that if a deregulated airline industry existed,
conpetition among carriers would expedite driving down the fares. With deregu-
lation, more compenies would be able to enter the market serving smaller com-
mnities, ard it would ke better for all parties involved.

After deregulation, airlines established 32 hib conplexes as part of the hub-
and-spoke system to save capital; however, they were aostly to establish (Oct,
2002) . “The hub-and-spoke system has been widely blamed for the gridlock that
often develops when flights are delayed by weather or other reasons in ane part
of the coatry . Bt it is alsovery iref ficient;” says Gellmen, “because it regquires
large runbers of ground workers to service arriving and departing flights simil-
tanecusly” (Chardler, 2002, p. 1) . An airline hub needs additiowl terminals and
grourd crews, which means increased payroll and decreased profit levels. An-
other prablem encountered with hubs is heavy aircraft and passenger conges-
tion occurring at peak times when many business travelers fly. Major schedule
disruptians frequently ooccur by a single aircraft experiencing mechanical prdo-
lars or weather systears in ae pert of the contry that in tum affect flights
scheduled to depart airports many miles away .

Effects of Deregulation

Deregulation has had both positive and negative influences upan the airline
industry, sumerized as follows:

Table 1
Deregulation’s Positive and Negative Influences (Kane, 2003)

POSTTNVE NEGATWVE

Axthe fares have hcrased ata rate
bwerthan thatof hfatbn

Fars nibly decrased, buthave rsen
dram atcally as ndustry concentration has
hcreased

M ore discountfares avaibbke Concentratbn ofhubs w ih it com petiton

Fares to smallcties are ony 3% hgher
than atm apraipons

Nonstop flghts betw een m any desthatbns
have disappeard as a rmsutofhub and
spoke system s

Aithes & passengers have saved hige
sum s due to dereguhtbn

Rumlareas have been adversel affected by
fight scheduk r=ductbn and higherfares

Aithes have been hnovative n
transion o the deregubton
envionm ent

Far system I confushg.Rakes tavekr
equiy questons

Hub & Spoke structure has Ed o
sniftant herease n flght frequencies

AThe hdustry has notpai adequate
attenton to consum er ssues

Avemrage allhe hdustry eamigs
show ed in provem entprorto onsetof

1990's recessbn

G rater hdustry concentration as m apr
atthes failand are notrephced
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Deregulation had several positive inpacts upon the industry.Airlire fares
increased at a rate below that of inflation. This resulted in lower fares, which in
tum attracted more passengers and increased reverue. More discount fares
became available ard this, alayg with fares to gmller cities being anly 3%
higher than major airports, made flying more economical for passengers who
ariginally may have not elected to fly. Deregulation gave the airlines more flex-
ibility in their plaming, enabling them to save money because there was ro
B forcing them to keep uprofitable routes and requiring approval of every
mirute decision. Being able to act upon decisions without the (AB’s approval
allowed airlines to be more imovative in their attenpts to increase passenger
shares and revere. The airlines were able react to passenger demands and
route changes in a timely marmer. The hub and spcoke system created new
aportunities for flight camectians that the linear system could not. For every
flight added in a linear system, ane camection was created, but under hib and
socke arganizarian, the carectians increased expaentially for every flight added.
Al1 of these factors resulted in increased reverie in the years before the 1990's
recession. This increase was evidenced by orders being placed for new aircraft
and increases in passenger counts.

While there were positive impacts of deregulation, it was not an entirely ben-
eficial transitim. While fares initially were increasing at a rate less then that of
inflatio, this trad did ot catine indefinitely .As airlines were able to act upm
their omn decisians, certain airlines gained a larger presence at certain airports,
which became their hubs. As airlines becanre dominent at their hub airports, a
sort of monopoly was created. This monopoly, coupled with the lack of carpe-
titin, both at that airport ard systemwide, drove fares artificially high. Tn addi-
tim to driving fares higher than necessary, the fare system has becore in-
creasingly carplicated. Fares an ae flight vary, raising the question of whether
ane passenger is worth more than the other, ard will receive better service,
while one is incovenienced. These feelings may have driven sare passengers
to firnd altemate methods of traensportation. The increases in fares, alag with
cancellatians of flidhts to smller cities as airlines did not feel corpelled to
respond to passenger demands due to lack of campetition has driven away
passengers who felt incamwenienced by the changes. Overall, lack of competi-
tion has caused the airlines to have a certain disregard for passenger issues,
ad this trad increases as areller airlines fail and are not replaced, resulting in
even greater industry concentratian.

The effects hubs inpose an the flying piblic ard air traffic antrol are enor-
mous; “281 locations or less than 2% of all airports in the United States, handle
virtually all of the airline passagers. The top 20 airports accort for alnost two-
thirds of all emplanements, and the top 10 accont for 40 %. Close to ane-
quarter of all airplare passacers board their flights at ae of just five airports:
Chicago O'Hare, Atlanta Hartsfield, Ios Angeles, Dallas-Fort Worth, and New
York Kennedy” (Wells, 1986, p. 35-36) .

Rolling Hubs
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Under the rolling hib aocept, airlines reduce aircraft idle time by decreasing
the runcer of flights scheduled arord crucial pesk rush hours. “Arrival ard
departire windows of ae hour allow the flexdbility to slide flights earlier ar later
to depeak the spokes while maintaining comections. De-peaking eliminates
“dead-time” at the hub by operating no nore then ane arrival and ane departure
per mirute throughout the day” (Steering Conmittee, 2003, p. 3).

Tn 2001, American Airlines todk a new lodk at their hib airports, lodkdng for a
more efficient way to hardle daily traffic. Dee to recant fallaut of passacers, the
airline was loosing considerable amounts of money.American had to stop the
red irk that ocorred due to the acquisition of T WA ard the post 9/11 erviraon-
ment. The result wes the concspt of “depesking” or “rolling hibs,” or sinply
Spreading flights out more evenly over the course of the day. By usirg rollirng
hios, Averican hoped to achieve increased aircraft utilization, decreased groud
time, more departures, fewer gates, increased reverue, and decreased costs.

Before September 11, 2001, Arerican clustered flights arvourd peak flying
hours in hub airports. George Hamlin, Senior Vice Presideant at Gldeal Aviatio
Associates Ltd., stated rolling hubs should enhance productivity and produce
significant cost savirngs. “Alrcraft may push back 1-2 mirutes gpart, ut they
show up on ruwmays and they bunch up. In a rolling hub, flights core ard go
without having to be in a bark. Befare this, Averican was paying pecple [and for
alrcraft] to sit still, ard now they are paying them to nove” (Oct, 20033, p. 53) .
“Tre nessace is clear that to stay in husiness for the layg term, profitability is
more important than merket share” (Ott, 2003b, p. 22).

After September 11, 2001, the entire industry changed. Most airlines were
dealing with high debt and decreased lcad factors, (The percentage of seats or
freight capacity utilized. Seat loed factor is derived by reverie passenger miles
divided by available seat miles) which are now starting to retum to nomel levels
after two years.

Table 2
Percentage Changes In Traffic, Capacity, And Load Factor (Bond, 2003a)
ARLNE Taffc Taffc Capacity Capacity Load Factor | Load Factor
Juy03Vs | Juy03Vs | Juyy03Vs | Jul/ 03 Vs July 03 Vs July 03 Vs
July 02 July 01 July 02 July 01 Juyy 02 Juyy 01
Amerian -40% -1010% -6.90% 14 80% +53pts +43Dts
Unted -5 70% 17 30% 122% 2370% +56pts +6 4 Dts
Dela 2.70% ©10% 85% 14 50% +4 9pts +50pts
Norftwest 390% 11 60% 750% -1530% +32pts +36Dts
Conthental 890% 050% 260% £ 60% +4 9pts +59pts
US.Adways | 370% 2120% ©70% 25 80% +50pts +47pts
Souttwest 980% 103% 360% 780% +43pts +17pts
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Before September 11, 2001, full-fare travelers started to disggoear .American
armounced a plan to streamline their fleet, thereby recouping capital with less
meintenance by retiring fleets or subfleets, deferring new aircraft acquisitians,
ard eliminating first class seating to selected markets (Sofradzija, 2002) . After
September 11, 2001, fare prices changed. The average cost per enplanement
increased anywhere from 4.5% at Cleveland Hopkins to 94.5% in San Fran-
cisco (Ott, 2002). Only a few rare cities experienced decreases in average
erplanarent costs. With 477 flights per day at ane hib airport alane, costs add
up rapidly . American expected to loose $7 billion for the secand year in a row
(Flirt, 2002) .

American Airlires

From a menagement standpoint, depeaking had the potential to create sev-
eral mxey-saving ggportunities. Rolling huos could allow increased aircraft uki-
lization, allowing for added flidhts, or decreased fleet conposition without inonr-
ring flight cancellatians. By not berking flights at pesk times, Averican aircraft
could sperd less time sitting on the taxdiway, weiting for tekeof £, resiltirg in
better an-time performence and implementation of a standard turmaround time.
Gate rentals were saved by retuming urused cates to the airport authority, therdoy
requiring fewer customer service employees and less ground equipment. There
wes a risk of loosing custarers to other airlines hut the potential gains out-
weighed risks.

Chicago O’Hare

In June 2002, Americen begen utilizing rolling hibs at their amidivectiamal
Chicago O’Hare hub, serving both east/west and north/south traf fic American
initially chose O'Hare since Dallas/Fort Wathis Averica’ s largest hub with 675
flights every weekday . Management considered this change the biggest ganble
taken in over two decades, expecting to save $100 million a year in fuel, facility
charces, payroll, ard provide relief at gpoke airports (Ott, 2003a) .

Qrdinarily, such a move would not have been considered such a ricgk, had it
happened in ancther industry; however, several daracteristics of the airlines
meke it a larger ganble then it seens at first glance. In the airlire industry, a
decision such as this cammot be made on a small scale. Depeaking was an all-
or-nothing choice. If it was going to be done, the change had to e made simul -
tanecusly to all flights arriving ard dgparting at that airpart. Unlike seller usi-
nesses, where urwise decisions may cause small losses, had passengers not
approved of the changes and decided to travel an other airlines, the logses had
the potential to be of a mixch larger scale. Decisions within the airline industry
also have a history of being made with close regard to what other airlines are
doing or will do. Since depeaking had never been done, like many other deci-
sions, it was ansidered to be a bad idea since not everyane was doirg it.

Rolling Hubs
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Tnitial results appesred positive. Exospt for hourly flights between O'Hare ard
New Yak s IaGuardia, Arerican adjusted practically all 333 meinline flights
ard 180 Eagle flights with a 5% labor reduction (Ott, 2003a). Average comnect
times (The legal minimum time necessary to change planes at a given airport
usually considered to be 45 mirutes) increased by an average of 10 mirutes;
tidket comter lines were aasistent, hut shorter . Tumarord tines slightly in-
creased, aircraft spent less time sitting an the taxiway waiting to depart, overall
grourd time at both hub and spoke airports decreased, and on-time perfor-
mence improved. Departing passengers increased slightly while camecting traffic
saw a minor drop. American also implemented a 42-minute turnaround require-
ment for each Chicago-served spoke city (Ott, 2002) .

Table 3
Analysis of Flights Before and After Depeaking O’Hare (Marta, 2002)

DEPARTURES PER BEFORE DEPEAKING | AFTER DEPEAKING

HOUR
1100AM .-1200P M. 34 20
1200PM .-1:00P M. 4 22

Flights before depeaking show 34 departures from 11:00 A.M. through 12:00
P.M., ard only four fran 12:00 P.M. to 1:00 P.M. Under rolling hibs, there are 20

departures from 11:00 A.M. through 12:00 P.M. and 22 departures from 12:00
P.M. to 1:00 PM. Anerican was able to operate their full schedule with four
fewer gates, five less airplanes, less groud crew, ard fewer lost bags (Marta,
2002) .Taxd times decreased by 1.5 mirutes, better than predicted (Torbensen,
2002) . Average block times (The amount of elapsed time between an aircraft
leaving the departure ranp for the purpose of flight ard its reaching the arrival
ranp at the exd of the flight. From the time the parking brake is released for
pushiback to the time the parking brake is set upm arrival) were down by ten
mirutes; worth at least $4.5 million, but still higher then levels United had an
common routes. Donald Carty, former Chairmen and CEO of American Airlires,
said, “Our Chicago experience has improved customer service, reduced costs,
improved productivity and allowed us to fly the same schedule with the equiva-
lat of five fawer aircraft ad for fewer cates” (Ackermen, 2002, p. 2). “We
expect the DFW and spoke de-peak to allow us to fly an equivalent schedule
with 11 fewer aircraft, with an as yet undetermined rumer of gates saved as
well” (Magers, 2002, p. 1). Don Casey,American Airlires’ Managing Director for
Schediiling, estimated savings of $100 Million a year from reduced cost for fuel,
facilities, ard persarel. “One mirute of block time at American Airlire’ s Ghi-
cago b was worth $4.5 - 5 million, and 50% more at American’s Dallas hub
dee to its larger size. With reduced block tine, American gained ef ficiency as
alrcraft umed less fuel. Persarel aost, egpecially for pilots (which is based an
scheduled or actual block time, whichever is larger) has been a mejor part of the
reduction,” (Ott, 20033, p. 53) . However, market share in Chicago shows Ameri-
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can lost four market share points while United moved quickly to take advantage
of rumay ard airspace availability. Owerall, Americen lost pert of its merket
share at Chicago, but the main goal of depeaking was not to increase market
share, but to increase the percentage of seats filled an each flight arriving ard

Dallas/Fort Worth

After the general success at O'Hare, American started to depeak their Dal-
las/ Fort Worth hub in Novenber 2002. The result was a reduction of four gates,
all meinlire flidgtts axsolidated into Terminals A and C (“Arerican Airlires,
Arerican Eagle,” 2002) with a cessation of mainline Terminal B gperations at
an estimated savings of $4.5 Million carpared to expenditures prior to depesking
(“Arerican to Save,” 2002) . The changes enabled Arerican to contirue their
established schedile with nine fewer meinline aircraft, two less regiawl aircraft,
as well as reductions in grourd crew, gates, and ground equipment (Ott, 2003a) .

Table 4
Changes to American’s Operations at DFW (Goedeking, 2003)

BEFORE DEPEAKING | DEPEAKED
M ax outbound flghts perl5 m n 48 20
M ax hbound flghtperl5 m © 36 21
M axmovem ents perl5 m n 50 37
Average bbck hour utbound) 222 2412

Maximum number of scheduled movements per 15 minutes decreased from
50 to 37 resulting in a loss of carmectivity. Camectivity quotient decreased from
2.14 to 1.71 but allowed American to make 71% more comnections than would
ke delivered by a rardon distribution. Average block time also decreased, by 10
mirutes. Barks are no lowger amidirectional, but have a pronounced direc-
tianl structre. Delta, American’ s rivel at Dallas, is not dhifting to a rolling hb
anoept, but is adding two additional berks. American lost 1% market share
prinerily due to little carpetition (Goedeking, 2003) .

St. Louis

“Ueirg traditiael Transportation Department measures, St. Louis is the most
ef ficiet American Airlires hib, ad it’ s amag the highest rated in the industry”
(Wilsn, 20033, p. F9). After depeaking O'Hare and Dallas/Fort Wath, Ameri-
can had to decide if depeaking Saint Louis and Miami would be beneficial. The
difficulties would ke at Saint Louis-Tanbert, a predominantly east/west hub
which does not receive significant Chicago traf fic American considered two
ootians for the Iambert b acquired with the assets of Trans Wadd Airlire
(TWA). The first would have drogped all hub operations in St. Louis and tumed
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this facility into a spcke for both Dallas/Fort Worth and Chicago. The second
ootion was to reduce all geeratians at Dallas, St. Louis, and Chicago. American
ultimetely chose a middle grourd in dealing with Ienbert Airport (Bond, 2003b) .

After acguiring T WA's assets in 2001, Arerican has essentially killed the
T WA St. Louis Hib. In Noverber 2003, American reduced Lambert operations
fraom 417 flights serving %4 merkets per day to 207 flights serving 68 merkets
(Kittle, 2003) . Of its remaining 207 daily departures, 53 are mainline jets qoer-
ated by Arerican; regiawl airline partners, American Commection and American
Eegle, fly the remaining 154 flidghts. American also cancelled nonstop service to
27 cities fram Ianbert, 31 gates closed, leaving Arerican with anly 18 gates at
Lambert. The new schedule was a drastic reduction from the daily 522 nonstop
departures the airline ard its affiliates offered three months after buying Trans
W add Airlires’ assets out of banknuptcy in 2001 (Ieiser, 2003). Dan Garton,
Executive Vice President of Marketing for American stressed that American is
not abendoning St. Louis; it intends to maintain Iambert as a domicile for both
pilots ard flight attendants (Wilson, 2003b)

American’s Other Hubs

American has additional hubs located in Miami and Sen Juan. Miami ap-
peared able to sugport depeaking, but would be difficult amsidering flight length
ard direction. In the years after Novenber 11, 2001, Miami and San Juan expe-
rienced a decline in passenger reverue, necessitating parking aircraft, and in
tum furloughing crews. The decreased rumber of aircraft and flight rumbers
oeerating aut of these airports resulted in increased load factors an the remein-
ing flights, essentially accarplishing the same thing thet the rescheduling at
Chicago O’'Hare and Dallas/Fort Worth had. The loss of passenger revenue
essentially depeaked both airports without assistance fram the camparty. Due
to the domtum in the aviation industry, only Chicago and Dallas/Fort Warth
have been depeaked by the company.

Conclusion

There were a few losses because of depeaking. United Airlires, American’s
main competitor, recorded an increase in passengers, hbut it did not seam to
autweich cains for American. American Airlines is not alendoning hibs, just
reorcganizing the system. One mejor difference between traditional hib-and-spoke
system and the rolling hib system is flow of airplanes. In a hub-and-spoke
systeam, planes arrive in waves of up to 50 within mirutes of each other, ad
depart the same way. With a rolling hib systeam, planes core in and aut in a
steady flow throughout the day. “While aircraft grord tine at the huib doesn’t
change much, planes can depart ‘spoke’ airports as quickly as they can be
reloaded. In a traditioal hib-and-spoke goeration, planes soretines remgin at
spckes for layg periads, timing their retum to the hub to be a part of a kark of
arriving flights” (Reed, 2002, p. B2) . Casey estimated gate reductians fram 286
to 252 across the network (Ott, 2003a) .
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Competitors will mnitor American Airlines’ cgperations under the rolling hub
strategy for aralysis. Overall, American Airlines felt that depeaking accamo-
dated all passengers better than the old system. American also is changing the
leel of sarvice it of fers to a runder of cities. Sare travelers will fly an sreller,
regiasl jets rather then big airliners.

Other airlines will watch American closely during this experiment and con-
sider remodeling their own schedules if American is successful. Nobody had
attempted to depeak such a wide range of airports before. Sore airlines such
as Continental implemented the rolling hub concept at their Newark hub and
talked about inplerentation at their Houston hub. For the fivst tine, an airline
such as Averican tried inplerentation at all their hibs. True, only Chicago and
Dallas were actually inplemented; St. Louis and Miami were depeaked by natu-
ral occurrence with aircraft being parked ard crews furloughed. While different
approaches may have been taken at these different airports, the result was the
sanre. Sare aontirue to speculate that eventually depeaking will prove to be
American Airlires’ dowifall, while cthers predict thet in the fubire, airlines will ke
forced into benkruptcey though failure to change their scheduling policies. “The
depesking ard fleet efficiencies will create the equivalent of 17 new aircraft,
saving the corparty $1.3 billion of capital spending in the fubure” (Ott, 2003, p.
).
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“Alr rage” is a term that has been ocoined by the media within the last few
years to describe a situation where passenger misconduct occurs aboard an
airxaft. As of yet, air rage is ot a Federal Aviation Administration (FAR) defined
term. However, passenger misaoduct is clearly defined, acoording to Titlel4of
the Code of Federal Regulations Part 91.11, as any threatening, intimidating, ar
interfering act with a crew member. I additim, the FAA further addressed mis-
coduct of passengers in their Advisory Ciraular 120-65 by defining arty interfer-
ence with crew members’ work performance as misconduct. It is the contirued
act of misconduct by a passenger, despite remediation by crew members, which
may result in federal prosecutiom.

Acoording to Angela Dehlberg in her book, Air Rage — The Underestimated
Safety Risk, air race is defined loosely as anything ranging fram verkal aouse to
assault in the aircraft cabin. The author utilized the widegpread and often spo-
radic informetion available a the subject ard incorporated it into a nmore read-
able ard usable fomet for the reader . Dahlberg also focused greatly an sare of
the air rege triggers in arder to identify prevention strategies. The bodk aotains
a wealth of informatio pertaining to the perpetrator, goveming agencies, air-
lines, law enforcement, and steps the intermatiomal commnities are experi-
menting with to amtain passenger cutbreaks pertaining to all phases of flight.

Dahlberg extensively examined marty causative factors of air rage. Notably,
ae increasing risk factor of air rage is brought upn by pessenger-felt stress

Requests for reprints should be sent to Beverly Laughead, FAA Academy, AMA-500-0U,
P.O. Box 25082, Oklahoma City, OK 73125.
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caused by interal as well as extenal factors. Intenal factors during flight may
include medical or neurological factors, aladol or nicotine withdrawal, or psy-
dological issues. Extermal factors focus around enviramental coditions. These
issues are more preventable in nature and can include confusing terminal lay-
auts, inaccessibility for disabled citizens, non-courtecus crew mendoers, cramped
surroundings, and excessive cold or hot temperatures. Sare airlines recently
have increased extermal stress factors by reducing seating space per passen-
ger to increase generated reverues. This has caused an infringement on the
passenger’s personal space and stress is now caused due to the confined
cabin envivamment.

Dehlberg also focused o the increasing restrictions placed an airline pas-
sengers. Passengers are restricted in their personal movenent and time caus-
ing an independent individual to take on a more subservient/dependent role. The
higher societal position a passenger holds, the more goposition there is with
regards to restricted movement and time. These restrictions are perceived by
airlire passengers fran arrival at the airline termiral to departire of the destira-
tia airpot. These prabolars will ke intensified with the introduction of the Airlous
A380 aircraft, which can be configured to hold 966 passengers in an economy
design. It should be noted that Dahlberg discussed passenger misconduct oc-
arring an larger aivcraft ard lager flights, which is inherent in the new Airvius
desion.

The author provided miltiple misconduct resolution strategies that should ke
incorporated by the airline industry . These strategies include the improvement
of extermal factors; detecting ard assisting with needs; detecting potential pas-
sernger misconduct; diffusing potential altercations; educating passengers ad-
equately; and providing choices when available. Many of these strategies
require extensive education of crew and airline members. The airlines and na-
tiomal govermments also have tried to limit occurrences of passenger misoon-
duct through civil and criminal peralties.

Since the prdolem of air rage has anly recently been brought to the attention
of the flying puiblic, anly limited research has been accarplished. More re-
search in this area needs to be performed. A definitive testing tool shauld ke
developed ard utilized to measure and report universal cuthbreaks of air rage as
well as dif fused potential air rage incidents. Airlines need to have standard re-
porting procedures for these partiaular incidents. Dehlberg explored the airlines’
fear of reputation damege ard loss of reverue due to reports of air rage; however,
she did not delve into air rage between crew to crew menbers and more re-
search is needed in that area.

This text is a nust-read for all aviation enployees, including air mershals
ard educators. The public also would greatly benefit reading this bodk - to
better understand policies regarding passenger misconduct and what is being
doe to prevent cutbresks. Qurrent humen factor courses at the wniversity level
chauld axsider urilizing this text, even in a arsordly fashiom.
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There is no dodot thet air rage is a growing praolam within the flight industry .
Extrene cases have caused proocedural deviatians of the flight, thus dirvectly
& fectirg the safety of fligt. Air rage has been linked to two deaths, which
surprisingly, has been the perpetrators of the crine.
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