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The shift schedules worked by Alr Traffic Control
Specialists {ATCS) in the Federai Aviztion Administza-
tion {FAA) have been tire focus of research off and on
since the early 1970s {(Melron, McKenzie, Smith, Polis,
Higgins, Hoffmann, Funkhouser, Saidivar, 1973}, In
recent years, concerns have been raised from the research
comununity sbour the association between the docu-
mented effects of shift worle, such as sleep loss, circadian
disruption, and subsequent sleepiness on the iob, znd
inceeased risks of errors, incidenss, and accidenss in job
performance (Mitler, Dinges, and Dement, 1994). While
research on ATCSs has documented patterns of short-
ened sleep associated with shift schedules {Saldivar,
1977; Cruz and Della Roces, 1995), the extent to which
these patrerns may result in increased incidents has not
been sysiematically examined.

The current technical report was developed from 2
colleborasive effort between the Natonal Aeronautics
and Spece Administration {INASA) Ames Research
Center’s Fatigue Countermeasures Program and the
FAA’s Civil Aeromedical Research Instituee’s (CAMI’s)
shift work and farigue research program. The idea origi-
nated from a planning meering designed to identify
potential areas for coliaborative ATCS shift work re-
search. The goal of each program has been o develop
effective fatigue countermeasures in aviadon-related
operational setiings. The meeting resulted in the identi-
fication of seven important areas of research: 1) assess-
ment of the extent of fatigue in ATCS operations; 2}
survey of ATCS personnel for schedule and issues relared
to coping with shift work; 3) education and eraining for
alertness management and shift work coping strategies;
4} fatigue countermeasures as they relate to the ATCS
work environment; 5) aging workforce issues; ) acute
and cumulative sleep loss effecrs; and 7) individual
differences. This report addressed the first area of re-
search by examining existing databases to assess the
extent to which fatigue might be manifest in terms of
incidents and errors.

There were two existing sources for information on
errors and incidents: 1) The Aviation Safery Reporting
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Syscem (ASRS), 2nd the 2} Opevz.umﬁ& Brror/Deviavion
Syster (OEIDS). The ASRS is 2 volumiary inciden
reperting eystern established in 1975 undera Memaorsr
dum of Agreement berween the FAA and NASA. Ad—
ministerec by MASA, the system is used by pilots, ATCS,
mechanics, ﬁg::t atzendants, and others involved in or
observing a situation in which sviation safery was com-
promised. Confidendalicy for the reporter is assured o
facilitate reporting. Information has been successfully
used to reinedy problems and improve the Natonal
Airspace System, as well 2s provide a resource for research
into aviarion-related human facvors. The OEDS is 2
mandatory reporiing system for FAA Alr T raffic Conerol
facilides. It is used 25 a management resource tool for
improving air traffic operations. The purpose of this
report was 1o examine these existing data sets for evi-
dence of shift work-relared farigue o estimate the degree
o which fatigue may have been a problem.

Because the data sources were very different in serms
of purpose and dara collection (i.e., voluntary ve. man-
datory reporting). the analyses supporzed by each dara-
base were different. The format of this technical reporr,
therefore, maintained the independent analyses of the
two different dacebases and combined two separate
reposts under a single cover. As with all research involv-
ing darabases designed for purposes other than the
research at hand, caution must be used in the interprera-
ton of the findings. Each dartabase is very useful for its
intended purpose. However, the data have important
limirations when used for empirical research. Specifi-
cally, errors and accidents generally have a number of
contributing causes and are frequenty the result of low
probzbility events occurring together. The effects of
fatigue and sleep loss also are subject to individual
differences and invelve both work-related and nonwork-
related factors. With the appropriate cautions in mind,
these reports examined the existing databases to deter-
mine if there was evidencs of possible systematic influ-
ences and assessed the degree to which these data support
such analyses with the goal of improving the udlity of the
data in the future,
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INTRODUCTION

Modern society requires 24-hounr operations to
mee: many demands. T hese demands occur in many
different environments: transporeation, healtheare,
mznufacturing, military, communications, anc many
others. It is estimated that abour 18% of full-time
U.S. worlkers are involved in shift work (U.S. Depare-
mene of Labor Scatistice, 1993). This work group is
involved in regular night work (about 56% of suify
workers), irregular night work (abour 22%), 2nd
rotating shifis (abour 22%). An extensive collection
of scientific literature demonstrates that shift work,
especially night work, is associated with an increased
occurrence of errors, incidents, and accidents
{Akerstedt, 1995; Dinges, 1995; Rosa, 1295).
Shiftwork can result in both sleep loss and circadian
disrupticn, and these physiological factors have been
linked to sleepiness on the job and subsequent perfos-
mance decrements (Akerstedt, 1994; Dinges, 198%;
Folkard and Monk, 1985; Mitler, Dinges, and De-
ment, 1594).

Night work invelves disruption of two major physi-
ological factors: sleep and the circadian clock. Work-
ing at night requires wakefulness during the pericd
when physiological programming dictates sleep. Con-
versely, sleep is undertaker during the day when
physiological programming dictates wakefulness. The
day steep of shift workers has been documented to be
significantly shorter, up to 2-4 hours less, compared
with usual nighttime sleep (Akerstedr, Kecklund, and
Krursson, 1991). With an acuze sleep loss and cumu-
lative sleep debs, the night worker is predisposed to
sleepiness that is compounded by the 3-5 AM circa-
dian trough.

Survey studies have demonstrated that, while day
workers seport no or only merginal sleepiness, 2
significant majority of night shift workess do report
sleepiness on the job (Paley and Tepas, 1994). These
studies have determined that zbourt 10-20% of work-
ers report regularly falling asleep during nighe shifts
{(Akerstadt, Torsvall, and Froberg, 1983; Akerstedt
and Targvall, 1983}, These reports of sleepiness have
aiso been documented physiologically in worlk envi-
ronments, For example, physiologica! sleepiness has
besn measured in train drivers {Torsvall and Akerscedr,
1987} ana pilots fiying long-haul, transpacific sched-
ules {Rosekind, Graeber, Dinges, Connell, Roundtree,
Spinweber, and Gillen, 1994).

Shiftwork scheduling can encompass 2 variety of
approaches that includes altering the direction of
shift rotations (clockwise vs. counterclockwise), rapid
vs. slow rotations, differing start times and duration
of time between rotaticns. Each of these approaches
has different effects on the physiological facrors. For
example, a clockwise shift rotation involves a phase
delay char is in synchrony with the normal circadian
pattern. Hewever, a counterclockwise rotation in-
volves a phase advznce that is contrary to the usual
patzern of the circadian clock. A rapid rotation sched-
ule does n2t areempt to shift or adapt the circadian
pattern, while a slow rotation intends to facilitate
some adaptation to an aitered circadian schedule.
Start time effects can include early report times fora
day shift that sl interrupt sleep and create an acure
or potentially cemulative sieep debt, or earlier {ad-
vancing) start times that differ from 2 previous day.
The cime between shifts affects the amount of time
available for recovery sleep prior to inidating 2 new




is uwsuatiy too short for
n but can 2bllow some recovery
sleep prier to the nexs shift.

Thers 2iso czn be me@*ta 1t non- Dny&:?mogicm
seasons why shilt workers choose some types of rota-
tions over gthers. For example, in some work envi-
tonments, there is 2 differential in pay for nighr work,
or workers can alter their schedules wich shif eppor-
wunities 0 obcain increased shift length or com-
pressed work weeks that permit maximal time off

These shifr work issues apply cﬂrecciy o the ie-
cuiremenss of maint ammg essential 24-hour air traf

ic control {ATC) operations. in 2 programmatic line
of previcus research, the FAA Civil Aeromedical
Instivate (CAMTE) bas examined the commenly used
“2-2-1" ATC schedule, the “2-1-2" schedule, and 10-
vs. 8-hour shift lengths (Se‘ﬁa Roceo, Cruz, and
Schroeder, 1995} The “2-2-1" schedule involves a
counterclockwise rotation of rwo afternoon shifts,
then two moming shifts, and a night shift (Della
Roceo and Cruz, 1995). The “rurn around” time
berween shifts can be as short as 8 hours. The “2-1-

* schedule involves two afternoon shifts, then a
mid-day shift, and then two mosning shifts {Cruz
and Della Rocco, 1995). The 10- vs. $-hour shifk
iength study examined the effects on performance
and alertness {Schroeder, Rosa, and Wit, 1993).

The extensive scientific literature on the physi-
ological effects of shift wotk and the specific CAMI
research on the ATC environment, demonstrate the
need for greater understanding of the physiclogical,
hehavioral, and environmental effects of shift work
on ATC alertness and performance. This informa-
tion will provide the scientific foundation for coun-
termeasures that promote optimal ATC performance
and alertness during shift work.

Therefore, to further examine these issues relative
to the ATC environment, the CAMI researchers, in
collaboration with the NASA Ames Farigue Counter-
measures Program, developed a joint plan for a pro-
gram of activities to address fatigue issues in ATC
operations. Ssven activity areas were identified and
are listed in the Preface cf this document, with an
important first step of determining the extent of
farigue ia Air Traffic Control Specialists {ATCS).
Two inisial projects were undertaken that capitalized
on existing databases regarding errors and incidents
related 1o ATCS operations. The CAMI group exam-
ined the Cperational Error/Deviation System data-
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METEHODS

The NASA Aviation Safery Reperting Sysaem da-
tabase contains voluntary reports of incidents that
occur i the National Airspace System provided by
any irveolved individual. These incident reports are
anonymous, confidencial, and associaced with 2 lim-
ited immunity. The detabaste provides an unigue
opportunity to examine errors and incidents reported
from the operators in the avistion system. ASRS
points out that there are limitations to the interpre-
tazion and generzlizability of the detabase. There-
fore, ASRS can establish thar 2n incident occurred,
provide information surrounding the occurrence,
and ailow for some rypes of analyses. However, it
cannot be used o establish the base raze of incidents
or as representation of the only occurrences, out-
COmeEs, Of FESPONSes 1O efrors in aviation operations.
Th- Hdatabase is comprised of specifics of the occur-
rence that include 2 narrative of the incident. Asearch
of the database can examine particular types of infoz-
ration or use key words to pull out reports relevant
to the question under study.

A previous study by Lyman and Orlady (1981)
examined pilot-reported incidents related to fatigue
(19). In that study, specific keywerds were used to
search for fatigue-related incident reports 2nd the
reports were then anaiyzed for type of incident and
other factors.

As a first step ro examine fatigue issuss relative to
the ATC environment, keyword searches of the ASRS
database were undertaken based initially on the Lyman
and Otlady study (19). The ASRS datzhase was
searched for reports concerning air traffic controi
incidents.

There were two searches that used a total of 19
fatigue-related keywords to examine their occurrence
in the ASRS incident repores. The first search was
based on the seven specific keywords employed in the
Lyman and Orlady (19) study and included the
following;

FATIGUE WORKLOAD
SLEEP DUTY/SCHEDULING
TIME OF DAY COMPLACENCY

TIRED



fr should be neted thar these keyword sezrches
zccount for veriztions of terms such that similar word
references, like sdeepy or asleep, would 2lso be found
by the search program. A second search was uader-
saicer, with the following 12 keywords:

LETSARGIC INATTENTION
PERFORMANCE LOW ENERGY
FIXATED POOR COMMUNICATICN
SCRGETFUL APATHETIC

DLY AWAKE NOD OFF
BXHAUSTED INADEQUATE REST

The scarches were conducted from 2 sample of
56,589 full-form incident reports submirzed 1o ASRS
since Janvary 1988. Overall, AT -refared reports 1o
ASRS represented 5,773 incidents {approximately
10.29%5) of the rozal searched, From these 5,773 ATC
reports, 171 (3%) were idertified with the keywords
znd referenced controlier fatigue in the narrative
section of the ASRS incident repore. These reporis
represented a simeframe of February 1988 through
March 1996,

The 171 reports were reviewed by Fatigue Coun-
termeasurss Program researchers to determine that
the reporis referenced human fatigue and did not
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rzport narratives were examined and classifiec imwo

she different fatigue categories reporied here.
RESULTS

There were 153 individual ATC ferigue-relzzec
incident reports that represent 2.7% of the towd
5,773 controller reports in the ASRS sample used.
These 153 reporis represent individusl incidents,
though some involved reporting by multiple sources,
However, these are considered as one incident with
muitiple inpuzs. The reporss included 110 (72%)
submite by contsollers, 57 (37%) from flight crew
members, z2nd | from an observer.

Based on the specific ASRS sample used for this
search, Figure 1 displays the distribution of these
fatigue-related ATC incident reports received by ASRS
annuslly from 1988 threugh 1996.

The incident reports represented a wide range of
aircraft eypes. Though the sample was predominantly
in the transport category, small aircraft and military
aircraft reporzs were also present. Figure 2 displays
the types of aircraft represented in the analyzed sample.

30

25

Number of Heports

1980 1921

1988 168¢%

1892

1883 1994 1985 1998

Figure 1. Distribution of annual ASRS fatigue-related incident reports since 1988




Muimber of Qcourencas

33
L]

Med/Large Large Small Smeil Light wilitary Wide Speciat
Transport Transport Transpon AIC Transpott Body

Figure 2. Aircraft types reported in ASRS incident reponis

Number of Occurrences

Controller Workload  Duty/  FiCrew  Fogetl  Comm  lnotwn  Conpleny TimeDay Peform  Apathy
Fatigoe Schedle  Fatige

Figure 3. Fatigue categories found in ASRS incident reports



The sample of ATC fatigue-related incident re-
serts was classified imto the following categories:
controlier fztigue, workicad, duty/schedule, forget-
fulness, inztiention, complacency, performance, end
apethy. In addirion, these categories were ziso used
wiich were mot specific o controliers alone: flight
crew fatigue, communications, and time of day. Fig-
uze 3 displays the distribution of repores invo these
categories. The category with the }ugﬁesz number of
feports was controiter fatigue, followed by workload,
equai numbers for dury/schedule and flight crew
fatigue, and vhen forgetfulness and communications.
The remaining categories had fewer than 10 reports,
with apathy represcnied by = single incident report.

The incident anomalies were then categorized ac-
cording o operations. The types of operational inci-
densts and anomealies that occurred in relation to these
reporis of fatigue are portrayed in Figure 4. The most
often reported anomaly was “less than legal separa-
ton.” which represented 37.6% of the sample. The
most often cited “other” caregory was facility staffing

70

wrobiems, Reported anomalies 2150 Included aitind
c:ev:,a:.lo.-s, f:f;az::%:;F beading deviations, zirspeed errer,
airborne confics, and runway rransgressions.

Reports ware examined for cheir occurrence dur-
ing different times of the day. ASRS reports aze
deidentified with the specific time of Zhe incidenr o
ensure confidentizlity; howeves, they ate cetegozizec
for quarte: of the day. Time categories zre based oz
local eime at the facilisy where the “ncadem& ocouried.
Figure § porirays the diseribucion of repor:s over if the
quarters o the day, as ased anASQS analysts. For the
sanpie used, the highest number of reports cecurred
within deytime operating hours, with 36.2% during
the afternoon. The remaining incidents were diserib-
uted with 30.9% repored in the normr—g, 25%
during the evening, and 7.9% during the night. Some
report narratives referenced times of day, with 11
related to night operations, 7 reporzed working the
mid (or midnight) shift , and 2 indicared early morn-
ing shift starts.
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Figure 4. Anomaly descriptions categorized from ASRS incident reporis
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Figure 5. Distribution of ASRS incident reports across quaners of the day.

S0

Number of Reports

Mon Tues Wed Thurs Fri Sat Sun
Figure 6. Distribution of ASRS incident reports over days of the week



MNumbear of Reports

Dawn ' Dayiight | Dusk MNight
Figure 7. Lighting conditions for ASRS
incident reports

Figure 6 displays the distribution of reports over
the days of the week. The pattern demonstrates 2
relatively uniform reperting of fatigue-related inci-
dents duering the week.

The sample also was analyzed for lighting condi-
tion by time of day. The reports were categorized by
lighting condirions and separated inte quarters of the
day as previously described. The results are displayed
in Figure 7. Information about lighting conditions
was included in 140 of the 153 reports. Most of the
incidents, about 65%, occurred during “daylighe”
conditions, foilowed by 25.7% during “night,” 4.3%
occurred during “dawn,” and 5% during “dusk.”

DISCUSSION

The ASRS darabase provided a unique opportu-
nity to examine errers and incidents reported from
operators within the aviation system. However, there
were limitations to the interpretation and generaliz-
ability of the data.

Following a search with fatigue-related keywords
and examination of the identified incidents, 153
reports were determined to be related to human
fatigue. These reports represented the full range of
operaticnal conditions, though most involved

TIARSDOIT ODErLriens. L€ MOST SDINTLSR SROINADY
repored was “less than legal separation.” Trher re-
pozted anomelies included such events zs altituds/
heading deviztions, airberne conflicts, and ground-
based {(i.c. runway) transgressions.

Controlrer farigue was the moss commoniy identi-
fied fatigue caregory {which adds face validity to tae
search}, followed by workload and duty or schadai-
ing tacrors. High workload levels, szafing shoruages,
and problems with shifiing schedules were alsc cired
5y reporters as contributing factors.

Most reports occurred during the 1201 o 180C
afternoon window of time. Almost two-thirds of the
reports cccurred during daylight conditions. While
these findings may be related to the higher level of
wraffic during daytime cperations, it is clear that
fatigue-related incident reposts are not limire 4 to lare
night or shift work cperations. Reporrs also were
distribured eveniy across the days of the week, with
the fewest incidents occurring on Sundays.

Despite the limitations of the reports examined
from the ASRS darabase, it was apparent that frigue
was reported as a perfoermance-impairing factor af-
fecting personnel at 2l times of the day, ip all types
of operations, and manifested itself in a variery of
anomalies in ATC operations. These preliminary
findings support the need for further investigation
into how sleep and circadian factors affect controller
performance, as previously outlined in the Preface
and in “other considerations” {below).

A next step would bea more detailed study of ATC
schedules to specifically examine the effects of fa-
tigue, sleep loss and circadian veriables, and their
effects on performance in ATC operations. The imple-
mentation of educaticn 2nd training acrivities, as
well as proven fatigue countermeasures, could pro-
vide near-term benefits to ATC operators. These
issues are especially challenging in the contexs of the
complex ATC environment that include an aging
workforce, the effects of acute and cumulative sleep
loss, and individual differences. It will be imporeant
to idenrify appropriate control and comparison groups
to properly interpret the results of any future ATC
fatigue-related study.

The scientific findings from a variety of other shift
environments clearly demonstrate that farigue, sleep
loss, and circadian disruption can affect performance
and alerwness during operations. A continued, proac-
tive program that translates proven fatigue counter-




TMERSEIE BEPTOACASS inte operationat use in the ATC
environmentand pursues research into relevan? zreas

has tremendous potendal benefits for aviation safery.

OTHLR CONSIDERATIONS

A3 outlined in the Preface, other areas that could
be addressed 1o fully understand the extent of fatigue
in ATC operations include: ex ammmg ATC sched-
ules and personnel, educaiion and training, fatigue
counsermessures, aging workforce issues, acure and
cumulazive sleep loss effects, and individual differences.

An examination ¢f ATC schedules and personnel
should focus on two components: 1) ATC schedules
and shif-related factors and 2} an ATC personnel
shift work survey. The first activity would invoive a
survey of schedules that would examine zt least the
following information: schedule variations (hours of
shifts, combinations), seasonal varistions (vacarions,
znnual leave, sick leave), swapping {(credit hours
zaken, overtime, shift pay differential), schedule sta-
bility/vasiability over time, recovery (time off be-
tween fotations), decision factors {senioriry, center,
facility), on call and reserve status, schedule proce-
dures (advanced publishing), and partrerns of leave
usage. Some of these data can be accessed through
published schedules and FAA databases. Demograph-
ics of inrterest would include sex, ags, aength of
service, time at facility. and technical experience.

The second acrivity would involve accessing a
large, representative sampie of ATC personnel from
a range of operations. A survey of this workforce
would be conducted to examine at least the following
factors: demographics, sleep (quanticy, quality, night
vs. day), circadian factors, lifestyle (diet, mood, per-
formance), schedule experience, preferenice, swaps,
overtime, compression, workload, signs and symp-
toms of fatigue in the workplace, countermeasure
strategies (alcobol, medication, naps, caffeine), heaith
{stomach problems, physical activity). individual
differences (morningness/eveningness, adjusement
ratings, sleep), job satisfaction, identify previous strat-
egies or scheduling approaches or alternarive ideas,
breaks and break activity, caffeine use, and exercise
patterns. These activities would examine fatigue,
sleep. and circadian variables in ATC operations, the
perception of their effect on performance, and coping
strategies.

The NASA Ames |
gram has develo; pe
education end training m

Lo, in w:esa*amow) Tne wfﬁi‘f E fesearchers have
paa’a.‘ei moduie in developmens with ininiai Geld
tests for the ATC environment, Thisa C‘Y“‘J“t}' woald
invelve {urther and final deveiopmen: of an educa-
zion and trzining module for alertness managemens
in ATC operations. An implemencacion plaz would
be developed to determine whe deiivers the module,
where itis provided, the forum for presentation, what
rmazerials are provided to ATC operetors {and train-
ers), other support for distribution and use of the
information. Another imnporrant component of this
activity involves an evaluation of rhe module. This
would include assessing knowledge acquisitien, in-
¢cluding retention over time, znd application of infor-
mation from module to actual practice, and perceived
efficacy. As sn ongeing activity, there would be
specific programs for mainwmiring the knowledge
base, relnforcement of the material, z2nd concinved
visibility for the educarion and training module. As
required, the module and implementation program
would be updated to keep it state-of-the-art and
relevane.

A range of fatigue countermeasures already estab-
lished as effective in the laboratory should be exam-
ined for cheir potential translation to field
implementation. Possible countermessures include
napping, bright light, melatonin, and schedule de-
sign. A study of schedule aiternatives and specific
comparisens could be conducted in the conrrclled
environment of the iaboratory. Melatonin isa naturai
hormone produced by the pineal gland thar is under
investigarion for its use as a sieep aid and for its
chronobiotic effects. Melatonin could be examined
for its efficacy in promoting sleep prior 1o 2 midshift
orasanadjunctto a napping strategy. Bright light has
been investigated for its chronobiotic effects of shift-
ing the internal circadian clock and for its alerting
effects. A study examining the ability of brighr light
to increase ATC alertness during night shifrs would
present interesting challenges regarding displays and
night vision. CAMI has initiared an acriviry to exam-
ine the applicability of napping strategies in the ATC
environment. There is a variety of other strategies
that also could be systematically examined for their



effectiveness, such as the Bming of breaks, physica’
zczivicy, strategic caffeine use, and melztonin ang
relexation skills for promoting daytime sleep.

Theother considerations previously identified also
deserve atzention. There are numerous issues related
to zn aging workforce, especially zs It relates w0
farigne factors such =5 the effects of sleep loss and
circadian zdapration. Recovery from scute and cu-
mulative sleep loss in an operational sesting is 2
crucial topic for understanding the long-term effects
and vulnerability associated with a lifetime of shift
work. The ability for short and long-term recovery
{in sleep and for the circadian dock; on different shif
schedules has not been systematically examined. There
ate many impostant issues relatzd to individual dif-
ferences that require investigation. This is a signifi-
cant arena thar has minimal data with obviously
relevant considerations to the ATC operations set-
ting. These issues range from good vs. bad adzprersto
age effects to other individual factors tha: could
account for performance and alertness effeces in ATC
operations. An impeortant consideration wiil be w0
identify approprizte control and comparison groups
to interpret the results of ary particular project.
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INTRODUCTION

Since 1$9¢, theHurnan Factors Research Laboratory
of the Civii Aeromedical Instizate {CAMI) has investi-
gased issues related to specific shift schedules worked by
Federa! Aviation Adminiserazion (FAA) Alr Traffic
Control Specialisis {(ATCSs). The present study was
designed to complerment previous research and exemine
the extent to which specific shifi schedules might inter-
emmwith operationalerrors/devistions (CEDs). An OED
occurs when zn ATCS fails to maineain applicable
separation minimums berween aircraft (or berween
airczaft and obstructions or specified airspace). An
operational error (OF) involves loss of separation be-
tween an aircraft and another aircraft or obstruction. An
operstional deviation {OD) involves an aircraft under
the contro! of the causal ATCS that enters airspace
controlied by someone other than the causal ATCS (e.g.,
antother ATCS or the military) (Rogers and Nye, 1993).

ATCSs in many air waffic control (ATC) fcilities
work a variety of councerclockwise, rapidly rosarting
shif schedules (Della Rocco and Cruz, 1953). Cne
specific implerentation of this type schedule is termed
the “2-2-1" because it involves working two afternoon
shifts, followed by two morning shifts, 2nd finally, 2
night shift within a five-day period. Other versions of
counterclockwise rotations worked in ATC facilities
have been described elsewhere (Cruz and Della Rocco,
19935; Schroeder, Rosa, and Witt, 1995). Some varie-
tions include midnight shifts and some do not. Early
morning shifis are a frequent characteristic of many
ATCS schedules. In fact, some ATCSs work as many as
four to five early morning shifts within a five-day schedule.

Data from borh laboratory and field studies have
suggested 2 patterrs of decreasing sieep durations over
the course of the 2-2-1 woik week ana shortened sleep
durations on any early morning shift {either within a
counterclockwise rotatien or on four or five straight
early morning chifts) (Saldivar, Hoffman, and Melron,
1977; Schroeder, Rosz, and Witt, 1595; Della Rocco
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2nd Croz, 1995; Cruz and Dells Roccs, 1995). Similar
firdings have been reporeed in the European and mili-
tary liversture {Folicard, 1989; Lune, Franch, Neville,
Mitcha, Szorm, 1994). In 2 lsboretory study of the 2-2-
1 {Delia Roces and Cruz, 1996), the hypothesis was
tested that the sleep loss during “he course of the week,
in combination with the ciccadian wough during a
midnight shift at the end of the week, would resultin
performance decrements on complex task bartery per-
formance. The findings revealed pesformance decre-
ments of 2bous 8-12% only on the midnighe shift and
suggested that the complex task performance was fairly
robust. Schroeder, Rose, and Wisr (1995} reported
decreased reaction vimes on performance of cognitive
tasks on the midnighe shift with ATCSs working 2-2-1
schedules. Midnight shift performance of U.S. Air
Force (USAT) contollers working clockwise rotating
shift schedules was not found to differ from day and
swing-shift dara; however, the authors reported a ten-
dency for impaired task learning on the midnighe shift
{Luna et al., 1994},

From the previous research and literature, it could be
hypothesized that the ioss of sleep over the course of the
work week, especially after early morning shifts would
resule in sleepiness, both day and nighetime, and might
be related to increased operational errors occurring later
in the work week, specifically on the midnighs shift

Since 1985, the FAA has coliected information on
QED:s in the Operational Error/Deviation System
{OEDS) (Rogers and Nye, 1993). The OEDS is a
database managed and operarted by the National Avia-
tion Safety Data Center Division of the FAA’s Office of
Aviation Safety. In 1987, the daza colleciion form was
modified 1o include documentation of the shil sched-
uleofthe ATCS identified asa cansal factor in the OFD.
This addition was designed to make it possible to assess
the relationship berween aspects of work schedules and
OEDs. Previous reports from this database had exam-




EDs and workload con-
citions with data Tom 1 985-1987, a5 well as the factors
associzted with the severity of CZs at Air Route Traffic
Conerol Centers with date from 1988-1991 {Rogers
and Nye, 1993; Schroeder and Nye, 1993).

Th: initlal purpose of the present report was
exemine the FAA's OEDS database to assess the
relationship berween OEDs and espects of the shift
schedules wotked by ATCSs. However, the entire
week's shift schedule was not entered in the final data
set. In addition, it was iiot possibie to test the hypoth-
esis that ersors would be relerively higher on the
midnighe shift due to sleep loss or the circadien
trough because of the lack of 25 estimate of exposire.
Becangse traffic levels are substantially lower in most
facilities—but not all-—oan the midnight shif, expo-
sure rates are different berween shifts, as well as
among facilities. No adequate estimates of traffic
levels by time of day for the time period were reason-
ebly available.

Therefore, this report presents information from
the datzbase that best addresses the issues of shife
workand OEDs, as well as documents the weaknesses
in the existing data with the goal of improving data
guality in the future. Several variables were selected
to provide some insight into the possible relationship
between shift work and OEDs. Three sets of analyses
were conducred. Specifically, descriptive data for
shift work-related variables {e.g., time of occurrence,
time on position, day of work week), the extent w0
which these factors were correlated with the OED
severity and the controlier’s awareness of the develop-
ment of the OED, and the relationship berween
contributing causal factors and shifts were presented.

inac the zssociarion berween

METHOD

Operational Error/Deviation System (OEDE)
The OEDS is 2 microcompurer-based database
designed to track the operational errors and devia-
tions across the national air traffic control (ATC)
system. Upon the occurrence of an OED, the Quality
Assurance personnel at each facility collecr informa-
tion about theincident and complete a standard form
as prescribed in FAA Order 7218.3 Facility Operation
and Administration. Dataare then coded and entered
into the OEDS database. A copy of the database was
provided to the Civil Aeromedical Institute for
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resezrc anelyses. The most current deta ser 27 the
zime of these analyses included data from 1588
March 1994,

Upon arrival 2t CAMI, the caza sot was “cleaned
up,” such that only recards with 2 valid year (year >
§) and 2 valid cime of occurrence, zs well as the ATCS
identified as a causal facror, were selected. In 2ddi-
tion, for purposes of this report, only OEDs for Al
Route Trafic Control Centers (ARTCC ) and Termi-
nal Radesr Approach Control {TRACON) facilities
were seleceed. Thus, incidents from towers and flight
service stations were not included. Finally, the data-
base is maintzined in three files: a master file, 2n
employee file, and an aircraf file. The master fle
included information about the incident, such as the
facilicy, incident severity, fligh: conditions, and eraf-
fic conditions. The employee file included information
such as the employment background, demographics,
and shifi-related data. The aircraft file included infor-
mation such as the aircraft type, onboard equipmenst,
and flight plan. For this repor, the master and
employee files were matched into ome file 10 obtain
cne record for each incident. If an inciden: was
recerded in one of the original two files and not the
other, the incident was dropped from the data set
reported here. Likewise, if the data ser contained
duplicare records, one of them was purged. Finally,
cases with any missing vaiues for the variables inves-
tigated, with the exception of the severity variable,
were excluded from the analyses. The severicy vari-
able was coded only for the ARTCC OEDs znd was
missing in the TRACON dara. The final set con-
tained 3,222 records.

Approack

Data fields related to shift work and OED causal
factors were selected from the data dictionary for
analyses. Initial data quality cross-checks were con-
ducted to examine 1) the degree to which fields were
populated, and 2) the extent to which information in
selected fields agreed with other appropriate fields.
Thus, frequencies were examined for each variable
and then cross tabulations were examined, as appro-
priate, to determine the consistency of the informa-
tion. The specific variable list inciuded the following

data ﬁelds:



u
Dascriztien of Varabies.

: VARIASLE DESCRIPTION '
* Thme of Cocurrence (ocal) Time the incldent cccurred in locad time. i
Time of Cocvrrence (GMT) Time the incident occurred it Gresawich Mean Time, i

Shif

CEIET Tl

Shif; mploves was working when the incident occurrad. L

i Heur of Cocurrence Noraber of hours into the emploves’s shift when the incient cocurmed.
' Day of Work Week Mumber of days in the emploves’s work week when the incidemt .j
| occimred. 2
¢ Time on Position Indicator of how long the emploves was on the cument position worked |
i ar the time of the incident {rom the last non-conive! activity o7 a charge |
¥ of position. ?
¢ Last Non-conirol Activity Indicator of the emwioves’s last non-coatre] activity, such as breaks,

1 Time Since Last Non-control Time since the iast activity not invelving af effic comntrol; not

| Activity inclading pre-briefing.

Type of Last Day Gff Indicator of the tyve of last Cay off tzken by the cmplovee.

Severity Indicator of the severity of the incident based upon a point system of
SEDEration.

Awareness Indicator of whether the employes was aware the incident was
OCCUITIng,

Employee Causal Faciors indicator of causal factors contributing o the incident. Up to sight
cortributing factors may be listed for zach emplovee. There were six
cetegories of fectors:  Date Peosting, Rador Display, Aircraft
Observation (Towers only--not used in this report), Communications,
Coordinatior, Position Relief Briefing.

Data Quelity

Because the initial purpose of this report was to
examine the shift data, dama quality checks were
initiated with the shift field. A crosstabulation with
local time was conducted. Table 2 presents the fre-
quencies of OEDs by shift and time of occurrence in
local time. Unfortunacely, the criteria for coding
shifts were not available from the Data Dictionary,
nor readily from the Office of Aviation Safety be-
czuse of new personnel and changes in the current
forms. Examination of the shift variable by time
revealed apparent errors in coding the shift. For
example, OEDs occurring berween 0000 and 0400
likely should not have been coded zs day or evening
shifts; but 11 operational efrors were, in fact, re-
ported as such, A cursory estimate of out-of-range
shift values assuming liberal definitions of shifis
could be postulated. If a day shift was defined be-
tween 0500-1959; an evening shift defined as 1000-
2359; and a midpight shift defined as 2100-86852,
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then 9, 10, and 20 OEDs ir each respecrive category
would be questionable. This would represent 2 dis-
crepancy rate of 1.2% of the 3,222 errors with shift
information. While this appears small, the majority
of questionable codes was duting hours of the mid-
night shift and represented 28% of the 72 OEDs
coded as midnight shift incidents.

To examine whether or not these inconsistencies
were due to problems with data in the local time of
occurrence field or the shift variable, two cross-
checks were coaducted. The first check was 1o com-
pute local time of occurrence from the data in the
field conraining time of occurrence in Greenwich
Mean Time and compare the results with the data
from the local time of occurrence field in the data-
base. This resulted in a discrepancy rate of 1%.
Discrepancies appeared to be caused by typographi-
cal errors. The second check was to examine the shift
variable by time of day (local time) by hour into shift.




Teble 2

Frequencies of Operalional Emors by 8hift and Time of Dav

i SEIFT I

| TIME OF DAY Day Evening RMidnight TIRME &

; £000-3058 2 3 9 14 !
£105-0139 2 1 3 5 ;
0200-03259 3 2 5 B
0300-035¢ 5 & 2 2z !
0400-0455 2 0 5 7 ]
D500-5359 3 I 2 & ;
B600-0559 335 0 3 43 i
87G0-6759 165 ) g 1866 ;
0800-0235 211 3 0 214
0900-0959 2355 0 8 253
1000-1052 232 2 2 224
110D-115% 22: 2 ) 223
1200-1259 205 A 0 211
13G0-1359 173 31 0 202
1400-1459 126 123 i 353
1500-1559 51 187 2 259
1600-1659 30 256 2 233
1700-1759 20 209 5 234
1800-1859 7 201 3 211
1900-1959 5 148 4 157
2000-2050 1 123 3 127
2100-2150 1 59 2 62
2200-2259 i 32 7 39
2300-235¢ 0 4 il 15

__SHIFT TOTALS 1,747 1,403 72 3,222

This check revealed discrepancies similar to those
presented in Table 2. A possible reason for the
miscoding on the midnight shift may be that a
common term for a traditional evening skift among
ATCSs is a “night” shift, and the traditional night
shift is commonly termed 2 “mid.” Because of the
discrepancies with the midnight shift data, the shift
variable was not used.

Computation of a New Shift Variable

For purposes of these analyses, it was possible to
compurea new shift variable using two variables from
the database: time of occurrence {local) and hour intc
shift. Four muruaily exclusive shift types were de-
fined, based upen previous observations of shifts
worked in field facilities (Cruz and Della Rocco,
1995): Day Shift, Midday Shift, Evening Shift, and
Midnighe Shift were computed with start times

beginning from 0500-0959, 1000-1259, 1300-2059,
and 2100-0459, respectively. Definitions were de-
signed to cover all possible combinations of time of
occurrence and hour inro shift. For example, an
operational error that eccurred ar G600 and 8 hours
into the shift, would be defined zs cccursing on 2
midnight shife. Appendix A presents the compura-
ton of each shift, as defined with the times of
occurrence and hours inte shift.

Analyses

The CAMI data set was maintained and analyzed
in SPSSx on the VAX mainframe. Three sets of
analyses are presented here as follows: 1) descriptive
data for the shift work-related variables (i.e., rime of
occurrence, day of work week, hour into shift, time
on position, and type of last nen-control activity); 2}
correlations between shift work variables and awareness
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and severtty of C2Ds cccurring in ARTCCs only,
) Cri-gquare enalyses and odds muies for wypes of
employes causal fecross by the racomputed chift rpe.

Despire the et the shift varisble in the database
wes untaliable, we selected severe! other variables 2o
provide some insight into shift work-related issues of
farigue. These data zre presented in the descriptive
znalyses. It was expected that fatigue would increase
with incressing houss into the shift, days inte the
work week, time on position, and time since last non-
control acdvity.

The severity of an OED iscaregorized for ARTCCe
based upon the closest proximity of an aircrsf wo
another sircrafk, airspace, or obstruction {Rogersand
Nye, 1993). OEDs are categorized as mejor, moder-
ate, O Minot, as determined by a poine system allo-
cated to the separation distances both vertically and
horizoneally. A totzl of 752 OEDs was classified in an
“other” category and not reted by the severity point
system. These, as well as three GEDs with missing
values, were excluded from the analyses. Thus, of the
2,518 OEDs occurring in ARTCC s, 1,763 were used
i the analyses. To determine the extent to which the
shift work variables predicted the severity of an inci-
dent, Spearman correlations were computed. It wes
hypothesized that the severity of the OED would
increzse with increasing values of the work schedule
variables. For purposes of the correlations, severity was
coded as follows: minor=1, moderate=2, and major=3.

The final analyses examined the relationship be-
tween the types of employee causal factors reported
by type of shift for both ARTCCs and TRACON:S.
“Shift” was the recomputed variabl: (Appendix A)
based upon local hour of occusrence and hour into
shift. A total of 84 employee causal facrors was
identified and these were grouped into six categories.
One type, Aircraft Observation Factors, applied only
to Towers, and was therefore not considered here. Up
to eight causal factors could be listed for each CGED
in the database. Therefore, each OED could have
more than one causal factor with no differentiation of
importance te the incident. A frequency count of
cach of the five categories was compured across all
incidents. Therefore, the number of incidents counred
for each category was not independent or murtually
exclusive, but rather, each incident may have been
counted once for each of the five czusal facror catego-
ries. Chi-squares werecomputed to examine whether or
not the types of causal factors were independent of shift.
Odds ratios were calculated for significant Chi-square

cuwmexes (o investigate the ¢das thar ¢ pasticulas
factor occurred om 2 midnight shif, 2z comparsd
wrich the odds thet it occuzred on one of the oties
shifts. The edds ratic measure was used o examine
cifferences in the percentzges of types of facwers oa
each shift. An odds zatic of 1 indicates that the odds
were equal. Confidence intervels were then com-
puted for the odds rztics. If the 5% confidence
interval for che odds ratio contins 1.G, this suggests
thar no relationship exists berween exposure to the
nidnight shift and the presence of 2 parsienlar em-
ployee causal factor.

RESULTS

Descriptive Data

Two facility wypes were represented in the data-
base: Air Roure Traffic Control Centers (ARTCQ),
which represented 78.2% (2,318) ofthe 3,222 opera-
tional errors, and Terminal Radar Control
(TRACON) facilities, which represented 21.8%
(704).

Table 3 presents descripiive data from the OEDS
characrerizing employee’s normal weork week and
length of work days as follows:

Most ATCSs work five days per week and eight
hours per day. Of the 3,222 operational errors, 2,912
{90.4%) reports indicated 2 normal work week of five
cays, and 3,023 (93.8%) reported a normal workday
of eight hours. Alternazive work schedules may have

Tabie 3

Number of Days Per Work Week and
Number of Hours Per Workday Reporied
fer the Nermal Work Schedule

Nember of Days

Frequency {%)
1 (<I%)
4 {(<1%)
24 (=<1%)
180 (5.6%)
2,912 (90.4%)
101 (3.19%)

alpiositojem

Number of Hours Frequency (%)
1(<1%)
1{<1%)
2{<1%)}

3,023 (93.8%)
117 (3.6%)

78 (2.4%;

ololealanfs
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szen on days S through ¥ reflect the fzct chas ATCSs
rarely work morz than five cays In 2 work weex,
OEDe appeared v be higher during the first half of
the shift 2nd declined during che lost half,

Figure 4 presenis freguencies of operationsl errors
57 time on position, or the amouat of time 2 contrel-
ler was actually working uaffic. Errors were highest
within the first 15 minutes on position and declined

as time ok pesition increased, Nearly naifl £E%; <
the cperezional errors in this dztasase wers r2ported
zo have cccurred within the frsr 30 minutes on
cosition.

Figure 5 presencs datz for tre type of iast noa-
control activity prior e the OED. The highes: per-
cenvage of ervors (47.0%) cccurred when the ATCS
returnad fom a break.

Mumber of Operational Errors

i 2 3 4

€ 7 8 g 10

Hour into Shift
Figure 3. Operational Ervors by Hour inio the Shift, 188b-1884.
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Figure 4. Operational Errors by the Amount of Time on Position,
1988 -1894.
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Figure 8. Percentages of the Type of Last Non-Congrol
Aclivity Befora an Operationai Error.

The type of last day off was a variable in the
darabase that indicated what kind of day off the last
day taken off before the operational ezror was. The
fast day off for the vast majority of ATCSs {2,954;
91.7%} was 2 reguiar day off (RDO). The rest in-
ciuded sick leave (128; 4.0%), annua! leave {123;
3.8%), and holidays (17; 6.5).

Relationship of Shift Work Variables to Severity
and Awareness for ARTCCs.

These analyses examined the degree to which shift
work variables were related to the severity of the OED
and whether or not the ATCS wasawate thatan QED

wzs developing. Table 4 presents the severity of
CEDs for ARTCUC s. Because severisy of errors was
only rated for the OEDs occurring in ARTCCs
{n=1,763)}, the TRACON data were not included in
this analysis. Ninety-nine percent of all OEDs were
rated as moderate or minor in severity.

Table 5 presents descriprive data for the awareness
variable, an indicator of whether or net the ATCS
was aware thar the incident was occurring. There
were 1001 records in which data were coded as “yes”
or “ne.” The table presents the number of records in
which the ATCS reported being aware that it was
developing.

Tabie 4. Severity of ARTCC OEDs,

Nember Percent
Mzjor i6 0.9%
Moderate 439 24.9%
Minor 1,308 74.2%
Total 1,763 100%

Table &, ATCS Awareness of the Deveiopment of an ARTCC OED by Severity.

Number Aware Percent Total
Major 0 0% 6
Moderate 74 34.3% 216
Minor 403 51.7% 403
Total 477 47.7% 10 %
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Ty Shift.

} ?mmﬁion of Brrors Commitied by Shift i

a C@N’[RBUT’VG FACTOR y? Micaight Day Midday | Evening |
! Diata Posting 27.9%= 37. 1"’ 18.5% 16.0% i5.1% ¢
Radar Disnlay 38.3%= 32.8% 46.3% 528% 56.3%
Communication 15.6% 17.1% 30.8% 21.2% 27.5%

¢ Coordination 14.4% 414% 40.6% 37.2% 33.9%

| Relief Briefing 3.7 10.0% 5.9% 4.3% 4,9%
* p< O3
#4p<.001

Tabie 8. Odds Ratios and Confidence intervals for OED Empioyee Causal Faglors.

Odds Ratios & 95% Confidence Intervals
Midnight vs. Day Midaight vs. Midday Midaight vs. Evening |
Data Posting 24 (15-40) 3.1 (17-5.8 33 (20-3.5)
Radar Dispiav 06 (03-02) 04 (02-0.8) 04 (82-0.6)
Communication 83 {¢2-095) 0.8 (04-1.5) 05 (03-1.0)
Coordination 10 Q6-1.71 1.2 (0.7-2.0} 14 {08-2.2)

Tazble 6 presents Spearman correlations berween shift
work variables and the severity of the OED and awareness.

A small but significant correlatior: was found be-
tween the time on position and the severity of the OED.
The significant correlation would suggest that there is2
smal! relationship between the time on position and che
severity of the OED, such that the more severe errors
occurwith longer time en position. The other shift work
variables failed to correlare with the GED severity or

EWarsncss.

Types of Employee Causal Faciors by Shift Type
Within each of the five contributing employee causal
factor categories, the percentages of the rotal 3,222
OEDS in both ARTCCs and TRACON: were as fol-
lows: data posting factors (17.8%), radar display factors
(50.7%), communications errors (28.4%), coordina-
ton factors (37.6%), and relief briefing deficiencies
{5.19%). Chi-square analyses were conducted to deter-
mine if type of causal factor was independent of shift.

Resuits are displayed in Table 7. Chi-square analysis
suggested that relief briefing factors were independent
of shift.

Odds ratios and confidence intervals for significant
chi-square results were calenlated comparing propor-
tions ef employee causal facrors on the midnight shift wo
each of the other shifts in Table 8. Data posting factors
were 2.4, 3.1, and 3.3 times more likely vo be reported
as a contributing factor tc the OED on the midnight
shift than the day, midday, and evening shifts, respec-
tively. Radar display factors wese less likely to occur on
the midnight shift than the day (0.6 times), midday (0.4
times), and evening shift (0.4 times}. Communication
factors were less likely to occur on the midnighe shift
than vhe day shift (0.5 times). Confidence intervals for
the odds ratios indicated that communication factors
were equally likely on the midnight shifr as on the
midday or evening shifis and that coordination errors
were equally likely on the midnight shift as on the day,
midday, and evening shifts.



DISTUSSION

Thz Crerations! Birors/Deviations System is zn
iraportant management information uyster designea
te watt OEDs natonally in order to idensify and
manage cafesy erends. For those intended purposes, it
serves the FAA well,

Fromthesedara, patterns of CEDs as they selate to
time of day and some shift-related items could be
characterized, Specificaily, 80% of CEDs eccurred
Serween 0800 and 19€0, a time when wafficlevels are
high across the system. In addition, nearly 50% of the
errors occurred within the first 30 minutes on posi-
tion. Exemination of the last non-control zctivity
revealed thar this was usuvally after controiiers re-
rurned from a break. Across the cousse of the work
week, OEDs appezred to drop on day 5. As noted,
however, the schedules worked by ATCSs confound
the inrerpreration of these dava. In addition, because
traffic levels drop so precipitously on the midnighe
shift in most facilities, compasisons across shifts are
confounded. None of the shift work variables were
strong predictors of the severity of operational errors,
zithough a significant but small correlation was fonnd
with time on position. It would, thus, appear tixarthe
indicators which might be vulnerzble to shift work-
relzted fztigue cid not reveal the predicted increases
in OEDs. As with many accident or incident datz-
bases, the sources of variability may be tco great
within the dara to differentiate the contributing
effects of factors such as fatigue unless the effects are
quite robust.

Afrer computing a new variable for shift, we were
able to examine the types of employee causa! factors
and their comparative likelihood of occurrence across
shifts. This comparison revealed that data posting
facrors were more likely on the midnight shift. Dara
Posting codes included facrors such as problems with
computer entry and fight progress strip manage-
ment. In contrast, radar errors were less likely on the
midnight shife. Radar display factors included items
such as misidentification or overlapping data blocks.
Because rraffic levels are much lower on the midnighst
shift, itis reasonable that radar errors would be lower.
However, the data posting types of errors could
reflect declines in alertness and vigilance associated
with the circadian trough and sleep loss on the
midnighe shift. It is possible that countermeasures to
increase vigilance would assist in decreasing these errors.
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Unlortunztely, =
docurmnent the sk :
shed light on cthe relazionship berween shiftworkz

OEDs were unable to support much analysis. Ao wich

many other decabases, those fields thar are not regu-
farly used in s1andacd, perisdic reperis are valnersble
¢ poor data guaiity. The problems included dare
celiability and variables confounded by everts {such
as scnedules) thar were net documenced weli enough
in the database. Dizta entry standardizaticn and date
guality checks would benefit future research.
information en skift scheduies zdded in 1987 in-
cluded shifi work kistory for the previous week, This
information is critical 1o understanding che relacion-
ship berween shift schedules and risk for errors.
Investigarors should continue to collect the informe-
tion as accurately as possible. Finally, to assess ad-
equately the changes in OEL) rates as they relate to
ume of day, an estimare of exposure is required.
Specifically, annual hourly wraffic counts, reported
nzzionally, would have been helpful for assessing risk.
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