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Executive Summary

In this secand sudy on performance iating, reseachers investigaed he process usedyb
supevwisory ar traffic control specalists (SATCSs) to rate en route ar traffic cantrol specalists
(ATCSs). This projectexparded anl e\eluatd aneatier peformance exaluaion method
developed for Terminal Radar Approach Control (TRACON) ATCSs. Thisrating form and
training package was &d4ting ard assessemt tool to measue the eficacyof new ar traffic
control systems, system enhancernrents, and operational procedues n smulation reseach.

The rating form used m the presem study focused o obsewnable en route behaviors that SATCSs
canuse b make lehaviorally based etingsof controller performance. The presen study
evaluaed the reliabilit y of the rating process by determining the level of agreement between
ratingsof ar route traffic cantrol certer (ARTCC) supevisors who viewed vdedapes ad
computerized gaphcal replays of controllers from a peviously recaded erroute sudy.

The enroute rating form contained 26 tems. Howewer, patticipants concluded hat they had
insufficient information to rate two items. The peformance aeas wee organzed nto six
categaies: Maintaining Safe and Efficient Traffic Flow, Maintaining Attention and Stuational
Awareness,Prioritizing, Providing Cantrol Information, Techical Knowledge,and
Communicating. Obsewable behaviors archored eactperformance aea. SATCSs identified
these lehaviors as hose they considerwhen assessg ATCS pefformance. The rating form
contained aneight-point rating scaé format with statements descibing the appicalde controller
actionsfor eachpoint. A comment secton for eachitem provided spaceor paticipantsto
explain the ratingsthey assgned.

The sudytook place nthe Reseah Dewvelopment and Human Factors Laboratory (RDHFL) at
the Federal Aviation Administration William J. Hughes Technical Center, Atlantic City
International Airport, New Jersey. Nine en route SATCSs from five different ARTCCs
paticipated as bsewvers. The RDHHR videoprojection system preseied three vews d a
previously recaded ernroute sudy. The pimary view was a gaphcal playback d the traffic
scerario that showed al the information on the cantroller’s radardisply. Another view was an
over-the-shouldervideorecading of the cantroller’ s upperbody that showed nteractions with
the wakstation equpment. The third view was a Meorecading of the traffic scemario as t
appeaed an the smulation pilot’s dsply. All three vews wee smultaneously presemed on
different screers am synchronized wth an audp recading of the cantrollers and smulation
pilots.

The researchers assessed two types of reliabilit y: inter-rater and intra-rater. Inter-rater reiability
refersto the uniformity of the ratings between participants, and intra-rater reliabilit y refers to the
uniformity of the ratingson repeatd acasons.

The results of the present studyindicated that the inter-rater reliabilit y of the en route rating form
ranged fromr =.27 tor =.74. The overal ratingsfor eachperformance caegay were gereraly
more reliable than the individualratingsincluded n eachcaegay. Theintrarater reliabilities
were higher. Participants were more consistent individudly over time than they were between
eachother reviewing the sane controller behavior.
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There are paossible explanations for the inter-rater reliability coefficients. Participants concluded
that they had specalized krowledge andl warted b take a \ery acive role in the piocess 6
deweloping the rating form ard its assoiated taining. Secand, the charges,eventhough
recanmended ly the enroute SATCSs who paticipated n the presen study, may also have had
an impact on inter-rater reliability. Finaly, there were some problemswith the smulation replay
technology duiing the presert sudy.

Researhers ako investigated the relationshp betweenpatticipart ratings aml seécted pesonality
traits. Participarts completed the SxteenPersonality Factor (16FF) personality inventory. The
resuks indicated hat the pesonality traits paticiparts bring with themto the e)perimental seting
may be related to their ratings. Suchtraits are dificult to overcome with only 1 week @ training
in the e)petimental ernvironmert.

The peformance fating form is a reseach-orierted assessert tool, which provides dad alout
controller performance that is not available from other saurces. Future reseach efforts stould
focus m idertifying the sairces ¢ measuenert eror ard meking whatever charges ae
necessarto produce a rore reliable instrument.
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1. Introdudion

Thisisthe secad in a seres d reseach sudies nvolved n developing more effectve
performance rating procedues Thefirst studyinvolved deeloping a peformance rating form to
test and assess ulation reseach using Terminal RadarApproachControl (TRACON)
personnel. The presen study concertrated an a peformance ating form for en route ar traffic
control specalists (ATCSs).

1.1 Backgound

Sollenberger, Stein, and Gromelski (1997)conducted the first study. They deweloped he
TRACON rating form to assesseaw ar traffic cantrol (ATC) systems, system enhancenents, and
operationa procedues. They attempted to (a) build a ©eliable tool for measuing cantroller
performance n the reseach seting; (b) improve the quaity of ATC peformance ewauaions; (C)
improve the qudity, reliabilit y, and comprehensiveness of ATC evaluations and testsin the
reseach seting; and (d) identify criteriafor evaluaing controller performance.

The Sdlenbergeretal. (1997)sudyindicated hatthe rating proces wasworkable in a
TRACON ervironment. It asoidentified he peformance aeas hat were more difficult for
paticipantsto evaluae consistently, possibly dueto misunderstanding rating criteria or
overlooking critical controller actions. Finally, the study demonstrated the feasibilit y of usng
videoand camputerized gaphcal playback echology as a pesemation method for evaluatng
controller performance.

1.2 Problem Statement

Human performance is essential to overall system performance. The decisions humans make and
how they acton them directly impactthe degee b which the system achevesits gas. Thereis,
howewer, disageenent on what role the human playsin the system and what makes up kiman
performance. Most systems have some definition of minimum essential performance for their
human operators, but they do not distinguish levels of performance qudity above the minimum
level. The problem, then, is, if standards of performance are not well defined, how do subject
meatter expelts (SMES) know what congtitutes “accepable” or “unaccepéble” peformance?

Researchers at the Federal Aviation Administration (FAA) William J. Hughes Technical Center
have sudied human performance ssuesdr many yeass. Muchof thisreseach has stessed
system effeciveness neasues SEMS) that canbe collecied n realtime during ATC simulations.
SEMs are objective measues hat canbe collecied anl aralyzed b assesshe efects of new ATC
systems armd procedues m controller performance.

1.3 Assumptions armd Goals

Sollenbergeretal. (1997)conducted a sudyto determine if SBEMs are related to how SMES
evaluate controller performance. The aubhors investigated whether or not SMEs could be trained
to evaluate ATCS performance sothat they were looking atthe sane behaviors ard assjning
similar values to them. They aso investigated whether or not SMES combined performance
evaluations ae related to the EMs, assunng that the SVEsratings ae reliable.
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Sollenbergeretal. (1997)believed that it is possible to train supenisory ATCSs (SATCSs) to
objecively obsewne ard ewaluaie controller pefformance. SATCSs are expetienced wth FAA
Form 312025, the ATCT/ARTCC OJT Instructor Evaluaion Report. The auhors asumed that
FAA Form 312025 cauld be improved, and, when suppated ty atraining curriculum,
performance+ating quaity would ako improve. They did not intend to dewelop a peformance
evaluaion formto replace AA Form 312025. Raher, they intended b dewelop an
obsewationa pefformance fating system that could be used ¢ validate other measuement
systems.

Performance carvary aong a catinuumof qualty based a avariety of variables. One
important variable is the human operator, who mustcomplete spediic tasks hat are assessed i
relation to a krown standard. If the operator’s pefformance exeeds hat standard, it is labeled
“acceptble,” but, if the operator’s pefformance filsto meetthat standad, it is labeled
“unaccepable.”

14 Purpce

The purpose of the present study was threefold: (1) determine the reliabilit y of participant ratings
of controller pefformance dotained viathe enroute rating form; (2) determine the relationship
betweenpaticipant ratings aml seected pesonality traits; and (3) further investigae the

feasibilit y of usng video and computerized graphical playback technology as a controller
performance eauation method.

14.1 Observing and Rating Behavior

SMEs evaluate performance. Howewer, sometimes they appl their personal sandard rather than
the krown standard. Personal standards ae often influerced ly the SVIE’s expelience, training,
peerperformance, and orgarizaiona sandards (Anastas, 1988) Realtime pefformance ratings
mug focus an concrete, observable behaviors. Even thoughthe purmpose of the rating should not
influerce he quaity of the rating desgn or execuion, it sometimes dces.

Anadas (1988)discussed usng ratings ascriterion measiresfor the verificaton of principaly
predictive indicairs. The auhor stated hat despie techmical flaws awul biases devauatrs,
ratings ae important sources @ criterion information when they are cdlected urder systematic
conditions. She emphasized the importance of evaluator/rater training to increase reliabilit y and
validity while reducihg canmon judgrental errors. Training cantake many forms, but anything
that heightens an evaluator’ s observational skills will probably improve rating qudity, which
affects reliabilit y.

This study evaluaed two types of reliabilit y: inter-rater and intra-rater. Inter-rater reiability
refersto the reliabilit y of two or more independent raters. Intra-rater reliability refersto the
reliabilit y of an individud rater over time. Performance ratings can be sources of measurement
error, 0 it isimportant to evaluae the consistency of such ratings. Inter-rater reiabilit y is often
evaluated through intra-class correlations, and researchers evaluate intra-rater reliabilit y with
Pearson’s product moment correlations. Some standardized instruments have obtained

reliabilit ies that are considered accep#ble, withr = .85 o better (Gay, 1987,p. 141).



FAA researchers assess the reliabilit ies of many types of ratings, including over-the-shoulder
(OTYS) observationa ratings ATCSs have employed OTS observational ratingssince the
initiation of the ATC system. ATCSs believe they are quaified to obsewve arml evaluate each
other. Howewer, a cantroversy exists over the value of obsewational peiformance ratings as
compaed D objective daathat are obtained in the laboratory. One pioblemisthat ATCSs ae
very decsive, and it canbe hard to change heir ideas abut performance eauaton. When
observing the same behavior at the same time under the same conditions, evaluaors who have not
beentrained to systematicaly obsenve may produce diferent resuks from the trained evaluators.
Under such circumstances, inter-rater reliabilit y decreases.

OTS observational ratings have, however, often been used in ATC simulation research. Budkley,
DeBaryshe, Hitchner, and Kohn (1983)included dservationa ratingsin their performance
evaluation system. Two obsewners canpleted peformance exduations ewery 10 mnutes duimg
the smulations. They used a 1(@oint scak to rate two areas overall system effectiveness ad
individud controller judgnment/technique Inter-rater reliabilit y ranged from .06to .72.

1.4.2 Accammodaing Subect Matter Expeits

There ae adwantages ad disadwantages b accanmodating SMEs. The pimary adwantage s that
they canmake suggesions for changesto the ATCS perfformance+ating form that would increag
its realism and its applicabilit y to the field setting. Also, there is more participant buy-in possible.
Howewer, the caresponding disadvantage s that incorporating such suggesions may renderthe
form facilit y- or use- specific. That is, if researchersincorporate SATCSs suggesionsinto the
form, and some of those suggesions appy only to the paticipant’s paticular fadlit y, the form
would be useéss. The rating form used m this sudy was ntended b be areseach tool only, not
to replace he ewduaton form curently used m the field. Therefore, reseachersincluded aly
those suggesions that related to observable behaviors that could be evaluaied both by the form
and in the reseach environment curently in use athe Reseah Development and Human Faciors
Laboratory (RDHFL). A related disadwantage sthat SMEs bring to the reseach environment
persona and facilit y biases that can influence the research process. When observing and
evaluating controller peformance as a gup, the gaal isfor the SMEs to adgt mutud rating
criteria in making their evaluations. 1f SMEs were usang the same criteria in making their
evauatons, reseachers wauld be better able to assesshe vaidity and usetiiness d the rating
form. SME biasesshould be addessed by including comments and suggesed temsin the form,
but not if those items canna be behaviorally evaluaed.

2. Method

2.1 Participants

Nine SATCSs from five different air route traffic control centers (ARTCCs) participated in the
presem study. They ranged n age fom 31 © 54 yeas (M = 4456, SD = 745). The paticipants
were full performance level SMEs with current experience in controlling traffic at their respective
ARTCCs. They acively controlled traffic from 11 o 12 o the previous 12 nonths (M = 1189,
SD =0.33). They had from 9to 29 years experience controlling air traffic (M = 2000, SD =
6.16), including from 1%2to 20 yeass expetience training and ewaluating controllers (M = 1394,
SD =5.75). Finally, the paticipants had normal vision correciable to 20/30 wth glasses.
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2.2 Rating Form

The Sdlenbergeretal. (1997) TRACON rating form (see Apperdix A) wasthe basis for
deweloping the enroute form. The TRACON rating form contained 24 tems that assessed
different areas @& controller performance. They orgarized he peformance aeas mto six
categaies, with an overall rating scak included br eachcakegay. Participantsidentified \arious
obsewable behaviors that should be considered when assessg controller performance or each
performance aea. It contained aneight-point scaé format, with satements descibing the
necessar controller actions for eachscaé. A comment secton encouragng paticipants to write
as nuch as pashle appead atthe erd of the form. This keptthem oriented an controller
behavior and helped b reduce heir depexdence e memory when assgning numerical ratings.

The enroute rating form (see Apperdix B) contained 26 tems, including two 2-question items
(items 15 ar 19) Howewer, patticipants concluded hat they had insufficient information to rate
items 13 aml 18. The enroute SATCSsgae sgnificart input on orgarizing the rating form, and
the researchers revised it accading to their suggesions. They changed tems 15 am 16 nthe
TRACON formto items 15A and 15B addedtems 16 am 198 and changed tem 19 b item
19A. Further, the enroute rating form provided spaceor comments afer eachitem, with space
for gereral comments atthe erl. Finaly, as pertechicalinstructions given to the reseachers by
the project technical lead, the N/A choice was eliminated from the rating scale in the en route
formto discaurage awidarce d an item. Instead,paticipants wrote N/A next to those items that
they felt did not appl. The enroute rating form included nstructions on how to use he form and
some assumtions alout ATC ard cantroller pefformance.

2.3 Airspace ad Traffic Sceraros

The replay files usedn the presen study were recaded duing a smulation sudy that
investigated the efects of free fight conditions on controller performance, workload, and
situation awaeness (Enddey, Mogford, Allendoerfer, Snyder, & Stein, 1997) During that study;
10 controllers from the Jacksonville ARTCC (ZJX) worked traffic scenarios usng the
Greercove/Keystone secbr, a canbined hgh dtitude seatr.

Greercove/Keystone is responsible for dtitudesof flight level (FL) 240 aml higher and has four
primary traffic flows. Southbound arcraft enter Greercove/Keystone from the northeastand
northwestand cantinue saith and saitheasttoward Fort Laudedae, Miami, and West Palm
Beachdong the J45 0 J79 aiways. Aircraft are usudly attheir final dtitude wten they enter
Greercove/Keystone. Some northbound arcraft leave Otando Internationa Airport and travel
north or northwestalong the J53 0 J81 aiways. They usualy contactthe secbr at about FL 180
while climbing to an interim dtitudeof FL 230. They will be cleared to their final altitudewhen
feasble. Other northbound arcraft depat from southeastFlorida aml erter Greercove/Keystone
in the sauth, nearOrando. These aicraft continue rorth and northwestalong the J53 ad J81
airways. These aicraft are usudly attheir final dtitude wlen they enter the secbr but
occasonally may need he cantroller to clearthem to their final dtitude. For Endsky eta.’s
(1997) purposes, these arcraft were attheir final dtitude wlen they reacted he sctor.

The Greercove/Keystone ctor isbordered kelow by the St Augudine and St Johns seciors, on
the northeastby the SatesHunter combined seatr, on the north-northwestby the Alma/Moultrie
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combined seabr, on the westby the Lake Ciy/Ocal seabr, on the saithwestby the Mayo
secbr, on the sauth by the Miami ARTCC (ZMA) Boyel secbr, and on the saith-southeastby
the ZMA Hobee cfor. For Enddey etal.’s (1997) puiposes, all adpcen sectors acceped al
handoffs and appoved al point-outs. Greertove/Keystone is bordered an the easby a waning
areathat is controlled by the US Navy. Civilian aircraft may enter the warning area only with
specal pemissbn. For Endsky etal.’s puposes,the waning area was cosdered D be acive,
so no civilian aircraft were permitted to enter the area.

Enddey etal. (1997)used ur typesof sceranos. The present studyincorporated aly two of
the four free fight study scerrio types. The “condition A” scefrios included curent ATC
procedues. The “condition B” scerarios abko utilized curent ATC procedues hut included
directroutings

2.4 Simulation Fecility

Researchers conduded the present study in the briefing room of RDHFL at the FAA William J.
Hughes Techical Certer, Atlantic City International Airport, New Jesey. The RDHHR briefing
room videoprojecion system presented three vewsof the Enddey eta. (1997)sudy. The
primary, certer view was a gaphcal playback d the traffic scemrio using the smulation
software, ATCoach(UFA, Inc., 1992) The cad view wasrecaded ly avideocaneralocated
in a caner of the room in which the Endskey etal. studywas caducted ard sfowed anOTS view
of the cantroller’s upperbody, workstation equpment, and radar display. The catroller’s head
and am movements ard interacions with the wakstation equpment were cleaty visible, but it
wasnot possible to read he wriiting on flight progress stripsor the daton the radar display. The
third view was a Meorecading of the smulation pilot’s radarscreen All three vews wee
simultaneously presered on different screers ard synchronized wth an audo recading of the
controllers and simulation pilots.

2.5 Procedue

The gudytook 8 warkdays. Thefirst 4 days consisted of training and the last 4 days consisted of
the actial replay evaluaions. Participants completed seeral questonnaires duing the first
training sessn including the Backgound Quesionnaire (see Apperdix C for the quesbnnaire
and Apperdix D for their training and ewaluation expelience), the cansent form regarding audo
recading of discussins (see Apperdix E), and the SxteenPersonality Factor (16HF) peisonality
inventory. Participants completed the Final Questonnaire (see Apperdix F) on the last evaluaton
day Onthe Fina Questonnaire, paticipants indicated he overall importance d the sk
performance aeas b overall ATC peformance. They sebcied a weght scae between0 ard 100
for eacharea. The weghts were to sumto 100. Higher weights indicated peformance aeasthat
the participants felt were more important to overal ATC performance.

The nine SATCSs paticipaed as a sgle group in a 4-daytraining program in prepasgtion for
formal evaluatons. The pupose d the training program was b teachpaticipants to adgt
common rating sandards am educas them conceming the pifalls of obsewation. A teamof
psychologists and SMEs conducted the training program in two separate sessions. The first



training sessin lasted 1 dayard helped paticiparts lean the arspace i the smulation. The
secand training sessin lasted 3 dag ard helped paticiparts became proficient with the rating
form.

In the first training sessn, reseachers informed he paticiparts alout the gals d the sudy;,
how the study would be conducted, ard what was epectd fom themas paticiparts. They
explained al aspects of the smulation setup, equipment, software, and daa collection capatilit ies.
A written desciption of the seobr asssted paticiparts in leamning the arspace. The desaiption
included he Letters of Agreenert (LOAs) ard Sardard Opeating Procedues SOPs) for the
airspace ad illu strated the sector layout and airways. The first session included several hands-on
training scemrios duing which patticiparts had the goportunity to control same ar traffic.

In the secod training sessin, reseachers explained the rating form desgn process ad
developmert work. Theytook seeral steps b ercourage he paticiparts to adgt common
evaluation criteria for their ratings. Fr<t, the reseach teamdiscussed soe common rater biases
ard how to awid them The paticiparts reviewed he rating form ard discussedteir
interpretations of the terminology. Next, the paticipants used the rating form while viewing five
practice scearios. After eachscemrio, the paticiparts discussedteir ratings, what they saw n
the sceario, ard why they sekected the ratings they did. Eachdiscusson peliod lasted
appioximately 1 hour ard helped b clanify any anbiguities n the rating form ard idertify ary
patticipart whose rating style difered a geatdealfrom the ahers. Researhers nodified he
rating form in line with paticipants input a the conclusion of the training program. The hourly
schedules br training ard ewaluaion acivities ae gven in Apperdix G.

After viewing the first pracice replay, the paticiparts requesed a sumary sheet a cqy of the
rating form minus he spacedr comments ater eachitem Theyfelt it would be easér to use he
unified sreetard write canments on a skeetof scratch paperard thentrarscribe their comments
onto the rating form itsef. The reseachers piovided e paticiparts with the requesed orm (see
Appendix H) and asked the paticipants to atach their scratch pgoer to the rating form after the
trarsciiption of their comments.

For the ewaluation phase @ the sudy, the reseachers seécied eplays from eachof the 10
controllers who paticipated n the Enddey etal (1997)sudy. As pat of the degyn, the
participants viewed four replays a second time to obtain a measure of intra-rater reliability. In
total, the paticiparts viewed 15 45xinute replays.

The presentation order of the scenarios ensured that Smilar ones were not viewed consecutively.
Researhers agarized he presemations sothat only two of the cantrollers in the Endskey et al.
(1997)<udy (controllers 1 ard 5) were viewed wice lefore the last dayof the gsudy. Howewer,
controllers 1 ard 5 wee viewed o different days pefforming different scemrios thanthe first
time they were viewed. Four scemrios, which had areadybeenviewed ace eachwere viewed
on the last evaluaion day These dur scemrios povided he hasis for examining ratings d
repeaed scearios. The dojectve d this procedue was b minimize ary cary-over effects
betweenthe replayed stmulus stuaions. The presemation order of the scearios is stown in
Apperdix I.



In addtion to the ratings obtained fom the paticipants, the presem study examined a sebf
SEMs routinely collected n ATC smulation research (Buckley etal., 1983) The paticipant
ratings wee compared D a sulset of the SEMs, which included he number of conflict errors,
controller assgnments, controller transmissions, aircraft density, and controller workload. A list
of the EEMs recaded duimg the presem studyis presemed in Apperdix J.

25.1 Replay Files

In prepaing for the presenm study, the expelimenters dscovered sane problems with the
ATCoachreplay files. The daafromthe Enddey etal. (1997)sudywere recaded n aversion
of ATCoachthat accainted for controller entries suchas nterim dtitudes fina atitudes,and
movements of dat blocks. Howewer, those ertries did not show up duing the replay. Inthe
replay files used n the present study, data blocks overapped ad incorrectinterim and final
atitudes wee presened in the asggned atitude pation of the datblock. Therefore, while the
replays weke running, two expelienced smulation pilots made he necessar adusments to the
replay filesto presem a dsply more represenative of the caitroller’s actial planned view
dispby. They used he canputer to move dat blocks ard erter correctinterim and final dtitudes
directy into the replay files. They did thisthe sane wayfor eachreplay. The pupose d having
simulation pilots make these adjugments was to prevent participants from negdively rating the
controllers for not moving data blocks or not making correct altitudeentries.

3. Reslts

The presen study investigated

the reliabilit y of participant ratings

the relationship between participants' ratingsand several SEMs,

the relationship betweenpatticipants' ratingsin the sk overall peformance aeas,and
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the relationship betweenpaticipants' ratings aml scaes o the 16HF peisonality
inventory.

3.1 Participant Ratings

The overall desciptive sttistics or paticipant ratings of controller peiformance ae presened in
Table 1. Howewer, patticipant ratingsfor items 13 ad 18 o the enroute rating form are not
shownin Table 1 lecauselie enroute SATCSs did not rate the cantrollers on those items. The
paticipants were unable to determine what the controllers were marking on the flight strips
(shown on the OTS videdape) sothey did not feelthat they could adequady rate the cantrollers
onitem 13 (marking flight stripswhile peforming other tasks). Also, the paticipants did not feel
that they possessed adeqedinowledge d the secbr LOAs and SOPs, therefore, they felt they
could not adequadly rate the cantrollers on item 18 (showing knowledge d LOAs and SOP3.



Table 1. Participart Raing Grard Mears

[tem Mean SD
1. Maintaining Separation ard Resolving Potential Conflicts 3.56 252
2. Sequencing Arrival, Departure, and En Route Aircraft Efficiently 4.86 207
3. Using Cantrol Instructions Effectively/Efficiently 513 212
4. Overall Safe and Efficient Traffic Flow Scale Rating 4.01 2.17
5. Maintaining Stuational Awareness 4.84 2.07
6. Ensuring Positive Cantrol 4.5 2.06
7. Detecting Filot Deviations from Control Instrudtions 5.36 182
8. Carecting Errorsin a Timdy Manner 5.3 1.
9. Overall Attention ard Situation Awareness Scale Rating 4.59 1.8
10. Taking Actions in an Appropriate Order of Importance 561 1.89
11. Preplanning Cotrol Actions 555 193
12. Handling Cantrol Tasks for Several Aircraft 5.56 1.77
14. Overall Prioritizing Scale Rating 53# 1.8
15A. Providing Esential Air Traffic Control Informatian 3.%6 2.8
15B. Providing Additional Air Traffic Cantrol Informatian 4.04 2.12
16. Providing Coordination 3.90 2.3
17. Overall Providing Control Informatian Scale Rating 3.63 2.2
19A. Showing Knowledgeof Aircraft Capabilities and Limitations 5.36 197
19B. Showing Effective Use of Equipment 558 184
20. Overall Technical Knowledge Scale Rating 5.19 1.9
21. Using Prope Phraseology 4.75 2.06
22. Cammunicating Clearly ard Efficiently 5.40 207
23. Listening to Filot Readbacks and Requests 5.07 1.90
24. Overall Communicating Scale Rating 4.91 1.93

3.1.1 Inter-Rater Reliability of Participant Ratings

The intra-class correlation assessed inter-rater rdiabilit y for eachitemof the enroute rating form.
These corelations ae preserted in Table 2. Itens 13 ad 18 ae ot stown in Table 2 kecause
the enroute paticiparts did not rate the cantrollers on those itens.




Table 2. Inter-Rater Reliability for the En Route Rating Form

Item Inter-Rater Reliability
1. Maintaining Separation ard Resolving Potential Conflicts 74
2. Sequencing Arrival, Departure, ard En Route Aircraft Efficiently 40
3. Using Control Instructions Effectively/Efficiently 47
4. Overall Safe and Efficient Traffic Flow Scale Rating 12
5. Maintaining Stuational Awareness .60
6. Ensuring Positive Control 45
7. Detecting Pilot Deviations from Cantrol Instructions 65
8. Carecting Erorsin a Timdy Manner 61
9. Overall Attention and Situation Awareness Sale Rating 61
10. Taking Actions in an Appropriate Order of Importance .64
11. Preplanning Cantrol Actions 96
12. Handling Control Tasks for Several Aircraft .61
14. Overall Prioritizing Scale Rating .66
15A. Providing Esential Air Traffic Control Informatian 53
15B. Providing Additional Air Traffic Control Information A7
16. Providing Coordination .62
17. Overall Providing Control Informatian Scale Rating 35
19A. Showing Knowledgedf Aircraft Capabilitie s and Limitations 27
19B. Showing Effective Use of Equipment 35
20. Overall Technical Knowledge Scale Rating 40
21. Using Proper Phraseology A7
22. Cammunicating Clearly ard Efficiently 56
23. Listening to Filot Readbacks and Requests A7
24. Overall Communicating Scale Rating 51
Weighted Overall Performarce Score 65

The reliabilit y coefficients of the scales included in the en route rating form ranged fromr = 27 to
r = .74. Thirty-five pecert of the ccefficierts exceeded = .60 am 8%exceeded = .70. The
overall ratings for eachpeformance caegay were gererally more reliable thanthe individual
ratings ncluded n eachcaegay. The weghted overall pefformance scoe wasr = .65. The
weighted overall performance scoe was calulated by using the weghting values hat indicaied
the relative importance d the sk performance caégaies included n the enroute rating form.
Participarts provided hese weghting values o the Final Questonnaire (see &cton 2.5,
Procedue). Specficaly, the weght for eachcaiegay was nultiplied by the nmeanrating for each
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catgay (the meanof the ratings or eachevaluaton itemwithin a caegay). The resuks wee
summed to produce a wejhted overall performance sore ranging from 1.0 to 8.0.

Becaus two of the four typesof Enddey etal (1997)sceranios were usd n the presernt sudy,
reseachers catulated the intra-class corelations for both types @ scemrios. The candition A
sceraros included curent ATC procedues. The candition B scemarios ako utilized curent ATC
procedues lut included diectroutings. The intra-class corelations for the two conditions are
presened in Table 3. Itens 13 ad 18 ae rot stown in Table 3 ecauselie enroute

Table 3. Inter-Rater Reliability for Enddey et d. (1997)Condition A ard Condition B Scemrios

Item Condition A Condition B
1. Maintaining Separation ard Resolving Potential Conflicts .49 .85
2. Sequencing Arrival, Departure, and EnRoute Aircraft Efficiently .24 42
3. Using Cantral Instrudtions Effectively/Efficiently .49 .34
4. Overall Safe ard Efficient Traffic Flow Scale Rating .53 .72
5. Maintaining Stuational Awareness .30 .68
6. Ensuring Positive Cantrol .29 .52
7. Detecting Filot Deviations from Control Instructions .19 75
8. Carecting Errorsin a Timdy Manner .33 .76
9. Overall Attention ard Situation Awareness Scale Rating 45 .66
10. Taking Actions in an Appropriate Order of Impaortance .55 .64
11. Preplanning Cantrol Actions .38 .60
12. Handliing Control Tasks for Several Aircraft .53 .56
14. Overall Prioritizing Scale Rating .60 .58
15A. Providing Esential Air Traffic Control Informatian .53 .45
15B. Providing Additional Air Traffic Cantrol Informatian .38 .52
16. Providing Coordination .56 .51
17. Overall Providing Control Informatian Scale Rating 49 .50
19A. Showing Knowledgeof Aircraft Cgpabilities ard Limitations .29 A7
19B. Showing Effective Use of Equipment .35 41
20. Overall Technical Knowledge Scale Rating .33 .35
21. Using Proper Phraseology .60 .29
22. Cammunicating Clearly ard Efficiently .65 46
23. Listening to Filot Readbacks and Requests .33 .59
24. Overall Communicating Scale Rating .38 .48
Overall Weighted Performarce Score .10 .67
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participants did not rate the controllers on those items. As can be seen in Table 3, the reliabilit y
of the candition A scerarios was dten lower thanthat for the candition B scemrios. In condition
A, items 3, 14,15A, 16,19A, 21, and 22 were the only items whose reliabilit y was greater than
that of their condition B counterpaits.

3.1.2 Intra-Rater Reliability of Participant Ratings

Researchers computed Pearson’s produd moment correlations to evaluae intra-rater reliabilit y on
four repeaked Enddey etal. (1997)scerarios, two of which were condition A scerarios ard two
of which were condition B scemros. These corelations ae preseied in Table 4. As canbe

Table 4. Intra-Rater Reliability for the En Route Rating Form

Item I ntr a-Rater
Reliability
1. Maintaining Separation ard Resolving Potential Conflicts .69
2. Sequencing Arrival, Departure, and EnRoute Aircraft Efficiently 75
3. Using Cantrol Instructions Effectively/Efficiently 57
4. Overall Safe and Efficient Traffic Flow Scale Rating .84
5. Maintaining Stuational Awareness .70
6. Ensuring Positive Cantrol .69
7. Detecting Filot Deviations from Control Instrudtions .38
8. Carecting Errorsin a Timdy Manner 51
9. Overall Attention ard Situation Awareness Sale Rating .75
10. Taking Actions in an Appropriate Order of Importance .67
11. Preplanning Cantrol Actions 74
12. Handling Control Tasks for Several Aircraft .70
14. Overall Prioritizing Scale Rating a7
15A. Providing Esential Air Traffic Control Informatian 73
15B. Providing Additional Air Traffic Cantrol Informatian .79
16. Providing Coordination .73
17. Overall Providing Control Informatian Scale Rating .81
19A. Showing Knowledgeof Aircraft Capabilities and Limitations .55
19B. Showing Effective Use of Equipment .55
20. Overall Technical Knowledge Scale Rating .65
21. Using Proper Phraseology 74
22. Cammunicating Clearly ard Efficiently .87
23. Listening to Filot Readbacks and Requests .51
24. Overall Communicating Scale Rating .79
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ltem Intr a-Rater
Reliability

Overall Weighted Performarce Score .87

seen in Table 4, the reliabilit y coefficients of the scales included in the en route rating form, which
ranged fromr = .38 to r = .87, were somewhat higher than the inter-rater coefficients. Sixty-
three pecert of the ccefficients exceeded = .60 aml 13%exceeded =.80. The overall ratings
for eachperformance caegay were gererally more reliable than the individualratings wihin each
catgay. Theoverall weighted peformance scoe wasr = .87. The intra-rater reliabilit y of the
overall weighted peformance score was greater than the inter-rater reliabilit y of the overall
weighted peformance scoe, withr = .65 (inter-rater) vs. r = .87 (intra-rater). Iltems13and 18
are not shown in Table 4 kecausehe enroute paticipants did not rate the cantrollers on those
items.

3.2 Rektionship BetweenParticipant Raings amnl System Effeciveness Meas@s

Enddey etal. (1997)collected SBVs, objective measiresof controller peformance. A
correlation analysis deermined te relationship betweenpaticipant performance fetings arml the
SEMs. Only two SEMs correlated signific antly with participant performance ratings, number of
speedassgnments (r =-.46) and number of ground-to-air transmissons ( =.28). Table5
preseis the desdptive sttistics or the EMs.

Table 5. Performance Measugs SEMS)

SEM Mean (Freq.) SD
NCNF (Number of en route conflicts) 0.38 049
NALT (Number of altitude changes) 3513 1286
NHDG (Number of heading changes) 2663 1139
NSPD Number if airspeed changes) 113 0.79
NPTT (Number of pus-to-talk communications) 7450 3895
CMAYV (Cumulative Average of System Activity/Aircraft Density) 1.67 0.66
ATWIT (Air Traffic Workload Input Techniquée 3.5 1.9

3.3 Intercorrelations Among Overall Paformance Area Ratings

A correlation analysis deermined the relationship betweenthe paticipant ratingsin the sk overal
performance aras:Maintaining Safe and Efficient Traffic Flow, Maintaining Attention and
Situaion Awareness,Prioritizing, Providing Caontrol Information, Tecmical Knowledge,and
Communicaton. As canbe seenn Table 6,the intercorrelations anong the sk overall
performance aeas anged fomr = .55 o r = .80. All of these corelations wee sgnificart,
p<.01.

The relationships betweenthe sk “overall” scaé ratings aml the ratings of their correspanding
sulscales wee dsoanalyzed. The carelationsranged fomr =.72 tor =.94. All of the
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“overall” scaé ratings carelated sgnificartly with their correspanding sulscake ratings atthe p <
.01 level. Thisindicates epeced rdurdarcy betweensulscak ratings aml their correspanding
“overal” scaé ratings.
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Table 6. Intercorrelations Among the Owerall Performance Areas

1 2 3 4 5 6
1. Overall Safe and Efficient Traffic Flow Scale Rating
2. Overall Attention and Situational Awareness Sale Rating .80
3. Overall Prioritizing Scale Rating g3 .77
4. Overall Providing Caontrol Informatian Scale Rating 79 | .71 | .68
5. Overall Technical Knowledge Scale Rating 70 | .71 | .71 | .76
6. Overall Communication Scale Rating 55 | .66 | .66 | .62 | .65

3.4 Rektionship BetweenParticipant Ratings am Scores o the 16H Persondlity | nventory

Thereseachers ealuated whether rater backgound related to the ratings asgined. The
patticipants completed the 16PFpersonality inventory during the first dayof training. The
Ingtitute for Personality and Ability Testing (IPAT) scored the responses and returned the results
as séndardized scoes.

Dataincluded fow the paticipants scaed fr the five global factors (i.e., extroversion, anxiety,
tough-mindedress,indepenlence,and sef-control). A secad information setindicated fow the
participants scored for the 16 basic factors (warmth, reasoning, emotional stabilit y, dominance,
liveliness,rule conscious, social boldness, sersitivity, vigilance, abstractness, privateness,
appehension, openness b change, sef reliance, perfectionism, and tension). The desdptive
statistics for how patticipants scaed n terms of the 16HF global and basic factors ae presened
in Appendix K.

Thereseachers carelated the sen scaes fom both the gbbal faciors arl basic factors with
patticipant ratings of controller pefformance. The resulks of the carelationa analysis on the

global factors ae presered in Apperdix L, and the resuls of the carelational analysis on the
basic faciors ae preseted in Apperdix M.

As canbe seenn Apperdix L, the carelations betweenpatticipant ratings arml the 16H global
faciorsranged fomr = -49 tor = .48. These relationships were not strong. However, some
were sgnificart from zer. Extroversion was sgnificartly correlated with 13 d the 26 scas,
anxiety was ggnificartly correlated with six scaés,and sef-control was sgnificartly correlated
with 18 scads. Additionally, these variables wee sgnificartly correlated with the overall
weighted peformance scoe. Toughmindedress was ghificartly correlated with nine scaes,
and indepeence was gnificartly correlated with nine scaés. Howeer, these wo variables
were not significartly correlated with the overall weighted peformance scoe. A p valueof .05
was used ase citerion of sgnificarce.

Of the 16 fasic factors, the reseachers wee primarily interested in reasming, rule conscious,
vigilance, openness b change, perfecionism, and tension because a awroller mustbe able to
develop atimely solution to a problem. The controller mus be able to follow rules (LOAs and
SOPs) and be vigilant when monitoring the radarscreen Reseathers askedhe obsewersto
change their normal way of thinking about the rating process kg adgting mutud evaluation
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criteriaand not following personal or ARTCC biases. Controllerstend to have very high
standards (FAA, 1998) Apperdix M shows the carelations for these sx factors ranged fomr =
-45tor = .43.

Rule conscious was gjnificartly correlated with 16 scats anl pefectionism was sgnificartly
correlated with 14 scats. Both variables weke sgnificartly correlated with the overall weighted
performance scoe. Opemess b change was gnificartly correlated with eight scaés. Howe\er,
tension only was signific antly correlated with listening to pilot readbacks and requests, and
reasoning only was signific antly correlated with preplanning control actions. A p valueof .05 was
used aslhe citerion of sgnificarce.

3.5 Summay of Final Questionnaire

On the Final Quesionnaire, patticipants indicated he overall importance d the sk performance
areasto overall ATC peformance. They selected a weght score betweenO ard 100 br each
area. Thee weghts summed to 100. Higher weightsindicated peformance aeasthatthe
patticipants felt were more important to overal ATC peformance. Table 7 peseis the mean
weights that patticipants assgned b eachof the sk mgjor categaies.

Table 7. MeanWeights Assgned © EachPerformance Caggory

Maintaining
Maintaining  Attention
aSfeand and Providing
Efficient Situdion Control Techical
Traffic Flow Awareness Communicaing Information Knowledge Prioritizing
Mean 3667 2056 1333 1111 1000 9.44
SD 5.59 464 354 333 354 464

Participants were dso asked o rate both the radar presemation and the training perod on a scat
of 1 (indicating poor qudity) to 10 (indicating excellent qudity). The participant rating of the
radar display was M = 344,SD =2.13 anl the paticipant rating of the training perod was
M=722,SD =1.64.

4. Discussbn

4.1 Rdiabhility of Participant Ratings

Participants were relatively consistent over time with their own ratings (intra-rater reliabilit y).
Results on the agreement between raters (inter-rater reiabilit y), however, were somewhat
disappanting. The low inter-rater reliabilit y may have been caused by several factors including
the smulation replay problems that occurred, artifacts of the enroute ervironment, the diferences
in the types of scenarios viewed (condition A or condition B), or an overall lack of variability.
Further, intra-class correlations used to assess the inter-rater reiability tend to be lower than
Pearson bivariate correlations used to measure within-rater agreement. The intra-rater reliabilit y
of the overall weighted performance score was greater than the inter-rater reliabilit y of the overall
weighted peformance scoe: r = .65 (inter-rater) vs. r = .87 (intra-rater). Thisisnot an
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uncommon finding ard reflects the dificulty of having professonals, who may be internally
consistent with their standardsfor pefformance, try to come to a canmon frame of reference.
Simulation replay artifacts were most likely the culprits of the low inter-rater reiabilit y.

4.1.1 Inter-Rater Reiability

There are severa passible reasons for low inter-rater reiability. First, eventsthat occurred in the
training session may have influenced the reliabilit y of the en route rating form. Second, the
speciic changes nade b the form that were recanmended ly the enroute paticipants could have
also influenced reliabilit y.

The Enddley et al. (1997) ondition A scenarios were less rdiable in terms of inter-rater reliabilit y,
than the condition B scenarios. Controllers had to take more control actions in the condition A
scerarios (which investigated cantroller pefformance urdercurrent ATC procedues)than they
did in the candition B scemarios (which investigated cantroller performance urderdirectroutings,
otherwise curent ATC procedues) It appeas that there was rore agreenent on performance
ratings when controllers had to take fewer control actions.

4.1.2 Intra-Rater Reiabilit y

The resuls of this sudyindicaie that paticipants retained the sane evaluation criteria when
viewing scenarios more than once. The intra-rater reliabilities indicated that they observed similar
events and edluaied them the sane way eachtime they obsewved a speféic scemrio. It would
not be unreasmable for paticipantsto view diferent things an repeatd vewings d a sceario
becausehtey could have missed smething the first time. If the intra-rater reliabilit ies were
patticulady low, that would indicate that paticipants might not have viewed he sane events on
repeaed viewings d scemrios. This would most likely be due b patticipants changing evaluation
criteria betweenscemrio viewings.

The results of this study indicate, however, that participants did maintain performance evaluation
criteria between repeated viewings of scenarios. In many cases, the intra-rater reliabilities varied
across scas lut not greaty, given the canplexity of the tasks.

4.2 Rehktionship BetweenParticipant Ratings amnl System Effectiveness Measus

Of the sx Enddey etal. (1997) SEMs evaluated in the presnt study, only two were sgnificartly
correlated with the weghted overall performance scoe: number of speed asgnments (NSPD)
and number of ground-to-air transmissons (NPTT). NSPD was nversely correlated with the
weighted overall pefformance scoe. Thus,the lower the number of speed asgnments the
controllers made, the higher their weighted overall peiformance scoes. This would indicate that
the paticipants rated the more efficient controllers (those wio made ewer speed asgnments or
those who took fewer control acions) higher. Thatishow controllers are usudly evaluated in the
field: the more efficient the cantroller is, the higher the peformance ating the cantroller receves.

4.3 Intercorrelations Among Overall Paformance Area Ratings

The relationships betweenobsewer ratingsin the sk overal performance aeas mdicate sone
redurdarcy acioss aeas. The overal scaé ratings wee dl sgnificartly correlated with each
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other at p <.01. The overall scaé ratings wee dsoall sgnificartly correlated with their
respecive sulscaks atp < .01. Althoughthe carelations weke not perfect this does ndicate
some redurdarcy betweenthe overal scaés anl their respecive sulscakes. Thus,the sane
resuks wauld probably have beenacheved if the sulscales wee not included n the rating form.

Thisredurdarcy candso be viewed asriternal consistency. Thereis suficient consistency across
categaies, but they may not be redurdart. Howewer, becausehte carelations ae not perfect,
there is dso some unique \ariance wihin eacharea.

4.4 Rehktionship BetweenParticipant Ratings aml Scores e the 16H- Persondlity | nventory

Personality is a dificult constructto measue. The 16H- personality inventory is one of the most
widdy used and researched instruments available. Two-week test-retest reliabilit ies of the 16HF
fifth edition ranged fromr = .69 to r = .87, with amedian of r = .80. Two-month test-retest
reliabilit ies of the 16FF fift h edition ranged fromr = .56 o r = .79, with amedian of r = .69
(Conn & Rieke,1994) Thus the 16PHs considered © be a reliable measire of normal
personality. The 16HF resuls of the presen studyindicate that what controllers bring with them
to an obsewational rating environment in terms of perisonality charactristics,does natter. They
sugges that dimensions that are gable paits of who the paticipants are may relate to some of the
inter-rater reliability issues. These dimensions are difficult to overcomewith only 1 week of
training.

Eachof the 16HF global factors was ginificartly correlated with seweral of the scaés ncluded n
the enroute rating form. Thus, patticipants' personality characteristics wee related to their
ratings of controller peformance. Four scakes(sequeming arival, depature, and enroute
aircraft efficiently; ensuiing positive control; listening to pilot readlacks ad requess; and overall
communicating scat rating) were sgnificartly correlated with dl five 16 global factors. These
results are not surprising. Controllers mug properly sequence aircraft, maintain attention and
situaiona awaeness,prepln and prioritize heir control acions, provide essetial ATC
information to pilots, and caonmunicate with pilots and other controllers efficiently in orderto
perform adequadly and prevent operational errors from occuring. TheidealATCS, the peson
who would be best suited b perform these tasks, would be more extroverted, less anxious (able
to stay cool in toughsituaions), more tough-minded (does not change his’her mind very easily
and is not indecsive), indepeilent (confidert and alde to stand his’her ground), and in control
(not getexcited ard lose cantrol of the stuation).

Of the 16HF basic factors, the reseachers wee primarily interested n how reasaming, rule
conscious, vigilance, openness b change, perfectionism, and tension related to paticipant rating
of controller performance. Thatis because catrollers mustbe able to reasm how to prevent an
operational error or problem from occuring or, if one dees acur, the cantroller mustbe able to
reason a solution to the problem. The controller mug follow rules (LOAs, SOPs, and FAA
711065L [FAA, 1998). The cantroller mug remain vigilant when monitoring the radar screen
The paticipantsin the presen study were asked ¢ change teir normal ways of rating controller
performance (they were asked to ignore personal and/or facilit y biases and to adopt mutud rating
standards), so they needed @ be open to change. ATC is drictly regulated FAA, 1998) There
is very little room for error because peue'slives depet on both pilots and cantrollers, sothe
swccessfil ATCS mustbe a perfecionist. The siccesslil ATCS mustalso be able to tolerate
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tension becausette wald of ATC isfilled with tension. Thus the succesful ATCS would be
able to reasm solutions to problems, be consciousof ATC rules, be vigilant, be open to change,
be peffectionistic, and be able to tolerate high tension. Several of the scats ncluded n the
revised eting form were sgnificartly correlated with atleastthree falf) of these &ctors,
including the following: sequening arival, depature, and enroute arcraft efficiently; ensuiing
positive control; overal atention and stuaion awaeness scarating; providing essetial ATC
information; listening to pilot readlacks ad requess; and overall communicaing scaé rating.

What do significart correlations betweenl6H scaes au peformance ratingsrealy mear? The
16FF has a g@d reputation in acaden®, reseach, and the cinicalfield. The pioducts gererated
are gerrally acceped as neanngful indicators of the respandent’s perisonality, a relatively
enduring setof traits reflecing who the respandert is. The factthat significart correlations exst
suggess that part of the variance n ratings may be related to paticipant backgound. Thes
correlations ae far from perfect Thisindicates hat there is consderable variance wih which
paticipant personality does correlate.

45 Summay of Final Questionnaire

The primary goal of ATC is to maintain safety. Participants gave Maintaining a Safe and Efficient
Traffic Flow the highestpriority when rating controller pefformance. Thus, raters felt that this
was the most important of the controllers many tasks.

Participants did not feelthat the radar disply showed suficient information for them to make
their evaluaions, as caonpared D viewing cantrollers“live.” Participants alsorated the training
petiod on a scat of 1to 10. The paticipants did, however, feelthat the training pefod was
sufficient for them to become familiar with the rating form.

In general, participants did not believe that, compared to viewing controllers live, the radar
disply showed suficient information for them to make their evaluations. One reasm was hat
the smulation pilot videotapewas unclear. Participants were generally unable to distinguish
letters and numbers. With all of the problemswith the smulation pilot videotape considered,
patticipants did feelthat the piot radarwas te best source © acqure accugte dtitude aul route
information. However, from viewing the simulation pilot’s radar videotape, participants were
unable to determine what the cantroller wasdoing (e.g., dropping dag blocks, entering interim
altitudes taking hand-offs, and making point-outs).

During some scemrios, the saund ard the radartape wee not completely synchronized,which
was amoying. Participantsfelt that the audo feaure cauld be good, but only if it was
synchronized wth the pseudepilot’ s radar screenand/or the OTS videdape.
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Participants indicated hat the OTS videdape was ot very usetil. They could not see he stips
well enoughto determine if controllers were marking them correctly. Participantsfelt that the
OTS videotape was useful only to determine if controllers were looking at the scope or “joking in
the asles’”

The poblems with ATCoachdso seento have affected paticipants evaluaions. Participants
were generally unable to determine if these problemswere related to AT Coach or to the
controller. They suggesed hat ATCoachshould be more realstic ard were gererally annoyed
withit. Inits pesen state, the smulation software was a ditraction to performing efective
evaluaions.

The paticipants felt that the ATCSs whom they viewed an tape peformed poorly. They felt that
the controllers should have approached the study as if they were controlling areal life sector. A
paticipant stated that they becane soangry atthe cantrollers pefformance,they felt their
evaluatons wee becaming harsher as tme wert on.

One paticipant had a bt to sayabout the ealuation form. The paticipant felt that the form was
much too cunbersome as a usdb, in-field docunrent. The evaluaion form used m this study,
however, was never intended to bean in-field document. It was intended to bea research tool
and requires that patticipants write exensively, which they do not doin the field. They depen
heavly on memory when doing perodic and recetificaion ratings.

5. Conclusons

The present study evaluated the reliabilit y of the revised rating form usng en route participants
who obsewned,viavidedape ad canputerized gaphical replay, controllers pefforming anen
route simulation. The low inter-rater reliabilit y of the en route rating form may have been caused
by ATCoachproblems that interrupted te study numerous imes. Reseathersinstructed the
paticipantsto ignore the system problemsto the limit of their collective abilities. However, even
thoughthey did their bestto comply, some adwerse impactmay have occurred.

This study, despite its problems, did lead to some viable conclusons. Intra-rater reliabilit y was
greater than inter-rater reiability. Supervisory controllers came to the participant-rating task with
persona and facilit y backgrounds which can influence results.

Performance evaluation is an inherently complex process. There will never be aperfect OTS
evaluation form or training process. Howewer, suljective rating has beena mainstay in aviation
and will continue. Researchers will like wise continueto try and improve the process, its
reliabilit y, and subsequent validity.

6. Recanmenddions

Some recanmendations follow from the previous caclusons. The reseachers stould conduct
another videoevaluaton, using the sane rating form but computerized gaphcalreplays amd
videdapesrom an en route gudy other than the Enddey etal. (1997)sudy. Thisfuture sudy
will enable researchersto determine whether or not the unaccepéble low inter-rater reliabilit y was
due b ATCoachproblems.
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The enroute rating form has pdential as amassessert tool that provides daa alout controller
performance. These dad are rot awvailable from ary other saurce. Future reseach efforts wil
focus a idertifying the sairces ¢ measuenert eror ard meking whatever charges ae
necessarto produce a eliable peformance assessent tool. Future development ard ewvaluaton
of the rating form will continue and will improve the performance evaluation process.
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Apperdix A
Observer Rating Form -- TRACON

OBSERVER RATING FORM

Observer Cade Date
Controller 1 2 3 4 Sector JAX GEN Traffic LO HI
INSTRUCTIONS

This form was designed to be used by instructor certified air traffic control specialists to evaluatethe effectiveness
of controllers working in smulation environments. Observers will r atethe effectiveness of controllersin severa
different peformarce areas usng the scale shown below. When making your ratings please try to use the entire
scalerange asmuch aspaossible. You are encouraged to write dowvn observations and you maymale preliminary
ratings during the course of the scenario. However, we recommend that you wait until the scenario is finished
before making your final ratings The observations you male do not need to be restricted to the paformarce areas
covered in this form and mayincludeother areas that you think are important. Also, please write dowvn arny
comments that mayimprove this evaluation form. Your identity will r emain anonymous, so do not write your
nameon the form. Instead, your data vill be identified by an observer code known only to yourself ard the
researchers wnduding this sudy.

Rating Scale Point Description

1 Controller demonstrated extrenely poor judgmnent in making control decisions and velry frequently madce
errors

2 Controller demonstrated poor judgmaent in making some control decisions and accasionally madeerrors

3 Controller mack questionable control decisions usng poor control techniques which led torestricting the
normal traffic flow

4 Controller demonstrated the alility to keep aircraft separated but used spadng ard separation criteria
which was ecessive

5 Controller demonstrated adequate judgrrent in making control decisions

6 Controller demonstrated goodjudgment in making control decisions usng dficient control techniques

7 Controller frequently demonstrated excellen judgrrent in making control decisions udng extremely good
control techniques

8 Controller always demonstrated excellent judgment in making even the most difficult control decisions
while usng outganding control techniques

NA | Not Applicalde - There was not an oppatunity to observe peformarce in this paticular area during the
simulation
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OBSERVER RATING FORM

(continued)

| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. Maintaining Separation and Resolving Potential Conflicts.................ovvvuiee.

* udng control instrudtions that mairtain safe aircraft separation
* deecting ard resolving impending conflicts early

2. Sequencing Arrival ard Departure Aircraft Efficiently.............cccccevviiiinnins

» udng dficient and arderly gpacing techniques for arrival and departure
aircraft
* mairtaining safe arrival ard departure intervalsthat minmize ddays

3. Using Control Instructions EffeCtively ...

* providing acuratenavigatinal asistance to pilots

» awiding dearances that result in the need for additional instructions to
handle aircraft completely

* awiding excessive vectoring or over-controlling

4. Overall Safe ard Efficient Traffic How ScaleRating ............ocooovvviviiiiiininne.

Il - MAINTAINING ATTENTION AND SITUATION AWARENESS

5. Maintaining Awareness of Aircraft POSIIONS............vveeiiiiiiiiiieiiiiiiieiiiie

» awiding fixation on one area of the radar scope when other areas need
attention
» ugng scaming pattens that manitor all aircraft on the radar scope

6. ENsuring POSItIVE CONLIOl ........uuueiiieeeeeccieeeeii e
7. Detecting Filot Deviations from Caontrol INStructions.............eeeeieieeeeeeeennn.

* ensuring that plots follow asigned dearances correctly
* correcting pilot deviationsin a timdy mamer

8. Carecting Own Errorsin a Timdy Manner..........cooovvvviiiiiiiiiiiiieieee e
9. Overall Attention and Stuation Awareness ScaleRating .............ccooeeeeeeenee.

Il - PRIORITIZING
10.Taking Actions in an Appropriate Order of Importance

* resolving stuations that need immadiateattention before handling low
priority taks

* issuing control instructions in a pioritized, grucured, ard timdy mamer

11.Preplanning Caontrol Actions
» scaming adacent sectors to planfor inbound traffic
* dudying pending flight stripsin bay
12.Handling Cantrol Tasks for Several Aircraft
* ghifting control tasks between several aircraft when necessary
« awiding ddays in communications while thinking or plaming control
adions
13.Marking Flight Stripswhile Performing Other Tasks
» marking flight strips accuratdy while talking or paforming other taks
* keeping flight Srips current
14.0Overall Prioritizing Scale Rating

A-2

...1.2 3 456 78

..1..2 3 4 56 78

..1.2 3 456 78

...1.2 3 456 78

..1..2 3 456 78
..1.2 3 456 78

...1.2 3 456 78

123 45¢6 78

NA

NA

NA

NA

NA

NA
NA

NA

NA

NA

NA

NA
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OBSERVER RATING FORM
(continued)

IV - PROVIDING CONTROL INFORMATION

15.Providing Essential Air Traffic Control Informatian
« providing mardatay services and adsisories to pilots in a timdy mamer
» exchanging essential informatian

16.Providing Additional Air Traffic Control Information
* providing adlitional services when workloadis not a factor
» exchanging adlitional informatin

17.Overall Providing Caontrol Information Scale Rating

V - TECHNICAL KNOWLEDGE

18.Showing Knowledgeof LOAs and SOPs
« contralling traffic asdepicted in current LOAs and SOPs
 paforming hand-off procedures correctly

19.Showing Knowledgedf Aircraft Cagpabilities and Limitations
» awiding dearances that ae beyond aircraft performarce parameers
* recognizing the need for spead restrictions and wake turbulence separation

20.0Overall Technical Knowledge Scale Rating

VI - COMMUNICATING

21.Using Proper Phraseology
» ugng wordsand plrases specified in ATP 711065
» udng ATP phraseology that isappropriate for the Stuation
« avoiding the use of excessive verbiage

22.Communicating Clearly ard Efficiently
» gpeaking at the proper volume and ratefor pilots to understand
» gpeaking fluently while scanning a paforming othe tasks
« dearance ddivery is complete, correct ard timdy
* providing complete informatian in each dearance

23.Listening to Filot Readbacks and Requests
* correcting pilot readback errors
 adknowledging pilot or other controller requests promptly
* processing requests correctly in a timdy mamer

24 .Overall Communicating Scale Rating
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OBSERVER RATING FORM
(continued)

| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW
1. Maintaining Separation ard Resolving Potential Conflicts

2. Sequencing Arrival and Departure Aircraft Efficiently

3. Using Cantrol Instructions Effectively

4. Other Actions Observed in Safe ard Efficient Traffic Flow

Il - MAINTAINING ATTENTION AND SITUATION AWARENESS
5. Maintaining Awareness of Aircraft Positions

6. Ensuring Postive Cantrol

7. Detecting Pilot Deviations from Control Instructions

8. Correcting Own Errorsin a Timely Manner

9. Other Actions Olsered n Attention ard Stuaion Awareness
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OBSERVER RATING FORM
(continued)
[l - PRIORITIZING
10. Taking Actions in an Appropriate Order of Importance

11. Preplanning Cantrol Actions

12. Handling Control Tasks for Several Aircraft

13. Marking Hight Stripswhile Performing Other Taks

14. Other Actions Observed in Prioritizing

IV - PROVIDING CONTROL INFORMATION
15. Providing Esential Air Traffic Control Information

16. Providing Additional Air Traffic Control Information

17. Other Actions Observed in Providing Control Informatian
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OBSERVER RATING FORM
(continued)

V - TECHNICAL KNOWLEDGE
18. Showing Knowledgeof LOAs and SOPs

19. Showing Knowledgeof Aircraft Capabilities and Limitations

20. Other Actions Observed in Technical Knowledge

VI - COMMUNICATING
21. Using Proper Phraseology

22. Cammunicating Clearly ard Efficiently

23. Listening to Filot Readbacks and Requests

24. Other Actions Observed in Communicating



Apperdix B

Paticipant Rating Form -- En Route

Observer Code Date

Participant: 1 2 3 4567 89 10

Condition: A B Scenario: 123456789 10 11 12 13 14
INSTRUCTIONS

Thisformis desgned b be used ly Supewisory ar traffic control specalists to evaluate the
effectiveness of controllers working in smulation environments. SATCSs will o bserve and rate
the performance of controllers in several different performance dimensions usng the scale below
as agenera-purpose guide. Use the entire scale range as much as possible. You will see awide
range d controller pefformance. Take exensive rotes an what you see. Do not depewl on your
memory. Write davn your obsewvations. Space $ provided afer eachscag for comments. You
may make preliminary ratings during the course of the scenario. However, wait urtil the scenario
is finished before making your final ratings and remain flexible urtil the end when you have had an
oppartunity to see dlthe aailable kehavior. At al times pkase dcus o what you acualy see
ard hear. Thisincludes wiat the catroller does andl what you might reasmaly infer from the
actions of the plots. Try to awid inferring what you think may be happenng. If you do not
obsewe relevant behavior or the resuks d that behavior, thenyou may leawe a spedic rating
blark. Also, please wite dovn ary comments that may help improve this evaluaion form. Do
not write your name on the form itself. Y our identity will reman anonymous as your data will be
idertified ky anobsewner code krown only to yoursef ard the reseachers canducting this study:.
The dosewations you meke donot need b be restricted D the peformance aeas coered in this
form ard may include dher areas bat you think are important.

Assunptions: ATC is a canplex acivity that contains both obsewvale ard urobsewvale behavior.
There ae somany complex behaviors involved hat no obsewational rating form cancover
ewverything. A sanple of the kehaviors is the kest that canbe acheved, ard a gad form focuses
on those behaviors that controllers thenseles tave idertified as he nost relevant in terms o
their overall pefformance. Most controller performance s at or alove the mnimum stardards
regarding saéty ard eficiercy. The gal of the rating systemis to differentiate peformance
above this minimum. The lowest rating should be assigned for mesting minmum gandards and
also for anything below the minimum snce this should be arare event. It is important for the
obsewer/rater to feelcomfortable usng the ertire scaé am to understand that al ratings slould
be based on behavior that is actudly observed.
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Rating scale desriptors
Remove thisPage and keep it availablehile doing ratings

SCALE QUALITY SUPPLEMENTARY
Lead Unconfidert, Indecsive, Inefficiert,
1 Effective Disargarized,Behind the powver cuive, Rough,
L eaves some tasks incomplete, Makes misakes
May issue caflicting instructions, Doesrit plan
2 Poor completely
3 Fair Distracted letweentasks
4 Low Sdisfactory Postpones routine actons
5 High Satisfactory Knows the job fairly well
6 Good Works seadily, Solves mast problems
7 Very Good Knows the job thoroughy, Plans well
Mog Confidert, Decsive, Efficiert, Organzed,
8 Effective Ahead d the powver cuve, Smooth, Completes
all necessayr tasks, Makes o mistakes
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I - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. Maintaining Separation and Resolving Potential Conflicts............... 12345678
* ushg cantrol instructions that maintain appopriate arcraft ard
airspace sepation
* detecting and resolving impending conflicts early
* recaynizing the reed br speed estrictions and wake trbulerce
sepration

2. Sequencing Arrival, Departure, and EnRoute Aircraft Efficiently....1 2 3 4 5 6 78
* ushg eficiert ard ordelly spaang techiques
* mantaining safe arrival and departure intervals that minimize

debys
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3. Using Control Instructions Effectively/Efficiently.......................... 12345678
* providing accuate navigaional assstarce  pilots
* issung ecaomical cleamarces hat resut in need or few
additiona instructions to handle aircraft completely
* ersuling cleamarces use mimum necessayr flight pah
charges

4. Overdl Safe and Efficient Traffic How Scale Rating ..............ccce... 12345678
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II- MAINTAINING ATTENTION AND SITUATIONAL AWARENESS

5. Maintaining Situaional AWaIreNeSsS..........oveveveieeeeiieeereineeeennnaeenns 1.2 345678
» awiding fixation on one aea d the radar scqpe wten other
areas eed atention
* usng scanning paterns that monitor dl arcraft on the radar
sce

6. Ensuring Positive Control ..............coeuiiiviiiieiiiie e, 1.2 3456178
* tailoring control actions to Stuation
* ushg efective piocedues br handling heawy, energercy, ard
unusualtraffic Stuations
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7. Detecting Pilot Deviations from Control Instructions..................... 12345678
« ersuling that pilots follow assgned ckamarces corecly
* correcting pilot deviations in a timely manner
* ersuling piot adrerence © issued dalarces

8. Correcting ErrasinaTimely Manner...........ccouveiieiiiiiiiinneeeeennnns 1.2 3456 78
* acing quckly to correctermors
» charging anissued d@alarce wrennecessarto expedie traffic
flow

9. Overall Attention and Situaion Awareness Scale Rating ................ 12345678
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Il - PRIORITIZING

10. Taking Actions in an Appropriate Order of Importance.................. 12345678
* resolving Stuations that need immediate attention before
handling low priority tasks
* issung cantrol instructions in a proritized,structured, ard
timely manner

11. Replanning Control ACHIONS...........ovvveviiieiece e 1.2 345678
» scaming adpcen secbrs o planfor future ard canflicting
traffic
* gudying perding flight stripsin bay
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12.Handling Control Tasks for Severa Aircraft ............ccccevvveeiveinnnnnnn. 12345678
« shfting cantrol tasks letweense\era aircraft whennecessar
» communicating in timely fashion while sharing time with other
acions

13.Marking Right Strips while Performing Other Tasks...................... 12345678
» marking flight strips accuately while talking or performing
other tasks
* keeping flight strips current

14. Qverall Prioritizing Scale RatiNg ........c.ccvvvviiieiiiiiiiie e 1.2 3456 78
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IV - PROVIDING CONTROL INFORMAT ION

15a Providing Esential Air Traffic Control Information...................... 12345678

* providing mandaory services and advisories to pilotsin a
timely manner

» excharging essetia information

15h Providing Additional Air Traffic Control Information.................... 12345678
* providing addiional sevices wkenworkload s not a factor
» excharging addiional information

16. Roviding COOrdiNaLION. .........uueeeiie e e e 1.23 45678
* providing efective cordination
* providing timely coordination
* usng proper paint-out procedues
* performing hand-off proceduespropety

17.Overdl Providing Control Information Scale Rating....................... 12345678
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V - TECHNICAL KNOWLED GE

18. Showing Knowledgeof LOAS and SOPS............cvveiiiiiiiiieeeeeeeenn. 1.2345678
» controlling traffic as depicted in current LOAS
» controlling traffic as depicted in current SOPs

19a Showing Knowledgeof Aircraft Capabilities and Limitations.......... 12345678
* usng appopriate eed,vecioring, ard/or akitude asignments
to separate arcraft with varied flight capabilit ies
* issung cleamrces hat are within aircraft performance
paameters

19h Showing Effective Use of EQUIPMENT.........covvvviiiieiiiiiiiiineeeeeenn 1.23 4567 8
* updating of dat blocks
* usng equipment capabilit ies

20. Overall Technical Knowledge Scale Rating ............ccccvvvivievieiinnnnn. 12345678
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VI — COMMUNICATING

21. Using Proper Praseology.........uuuieeieiiiiiiie e 1.23 45678
» usng wordsard phrases specfied n the 711065
* ushg phrasedogy that is appopriate for the stuation
* usng minmum necessary verbiage

22. @mmunicating Clearly and Efficiently..............oooooviiiiiiiiiiinnnnnn. 1.2 3456 78
* speakng atthe piopervolume ard rate for pilots to understand
* gpeaking fluently while scanning or performing other tasks
* ersuling cleamarce deivery is complete
 speakng with confidert, auhoritative tone of voice
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23. Listening to Pilot Readbacks and ReqQUESES..............vviieiiiiiiiinnenee. 12345678
* carrecing piot readlack erors
* ackrowledging pilot or other controller requess promptly

24. Overall Communicating Scale Rating ...........ccovvvvviiieiiiiiiiiieeeeeens 1.2 3456 78

GENERAL COMME NTS
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Apperdix C

BACKGROUND QUESTIONNAIRE
Observer Code Date

INSTRUCTIONS

This questonnaire is desgned © obtain information alout your backgiound as arair traffic
control specialist. The information will be used to describe the paticipants in this Sudy as a
group inwritten or ora reports. Your identity will remain anonymous, so do not write your
name on the form. Instead, your daa will be identified by an observer code known only to
yoursef ard the reseachers canducing this study.

1. What is your job pasition or title?

2. What is your age?
_____yeas
3. How many yeas have you worked as arar traffic control specalist?
_____yeas
4. How many of the past 12 months have you actively controlled traffic?
_______months
5. How many yeas d expelierce doyou have training ard evaluaing ar traffic cantrollers?
______yeas
6. Please hiefly descibe your air traffic cantrol training ard ewaluaion experierce.
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Apperdix D

Participarts Air Traffic Cantrol Training ard Evaluaion Experierce

OBSRVR AIR T RAFFIC CONTROL TRAINING AND EVAL UATION EXPERIENCE
For the past 1 1/2 years | have been the Training Supevisor for my area. | am the liaison between
1 the Training Department and Area 2. For the lag 6 months | have been desply involved in

remedial training ard paformarce improvement of an FPL who was lading basic skills.

OJTI -- Oceanic cantrol, ARTCC

Academy Instrudor -- Screen, OJTI Cadre course
2 Fidd Instructor -- QJTI class

Trained in 4 fidd facilities

OJTI -- 1987-1994

OJTE -- 1989-

3 Supevisor with training ascollateral duty-- 1994-pesent

| also maintain an“FPL development” binder to asist controllersin career ard pasonal
development after FPL certification.

Reached full peformance level in 1980 dter 5 years of work/training.

4 Served asOJT instrudor from 1981 urtil 1986.

Spent 18 manths in traffic maragement, 1988 uril 1992, controller and OJT instructor.
1992 uril present -- Supavisor paforming controller evaluations ard certifications.

Crew training Pecialist. Various ddails to the training dgpartment for upgradetraining dasses.

5 Evaluata and certifier.
OJT instructor -- 1974-19791982-1985
6 Area Supevisor with collateral dutyasArea Training Supeavisor -- 1985-1996
Controller evaluationg/every 6 manths/for 10 years. SKill checks ard evaluations on ATC
7 developmentals -- 15 years/skill check -- certifications on gang.
Hired in the FAA, trained in a ronradar environment (later radar), becamea Rull Performarce
8 ATCS ard worked in Traffic Management prior to becoming a sipevisor in the samefacility. |

am a pild with 1000+ fours of flight time.

1 year training developmentalsin FSS gtion

4 years training developmentalsin En Route option

9 10 years evaluating developmentalsin En Route option

-- some/part of éoveinvolved in manud and/or Dysim lab
-- Area Training Upavisor -- 2 years
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Apperdix E

Participation Consent Form

Janualry 28,1997

, agee b paticipate in the Video Tape

(print full name)
Perfformance Rating Pioject, which is being canducied January 28+€bruaty 7, 1997,at the
Federal Aviation Administration William J Hughes Technical Center. | agree that portions of
this activity may be audio-taped or video-taped. | understand that my contribution will be held

confidertial ard used dér reseach purposes aly.

Signature
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Observer Code

Apperdix F

Find Questionnare

Date

A. Indicate the importance d the 6 peformance aeas o overal ar traffic cantrol peformance
by selecing a weght score (betweenO ard 100)for eacharea. Higher weights indicate nore
important peformance aeas. Your overall performance rating for eacharea wil be
multiplied by your indicated weight to compute a weighted overall performance score for
eachscerario. The weghts mug sumto 100.

EXAMPLE:

20
20
20
20
10
10

MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW
MAINTAINING ATTENTION AND SITUATION AWARENESS
PRORITIZING

PROVIDING CONTROL INFORMATION

TECHNICAL KNOWLEDGE

COMMUNICATING

100

YOUR SELECTIONS

100

MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW
MAINTAINING ATTENTION AND SITUATION AWARENESS
PRORITIZING

PROVIDING CONTROL INFORMATION

TECHNICAL KNOWLEDGE

COMMUNICATING
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FINAL QUESTIONNAIRE
(continued)
Videdape ewluations o controllers is a rew methodology that has not beendone in previous
research. In order to evaluae and improve this mehodology, we would like your opinions
regarding the following quesions.

1. Ascompared © viewing cantrollers "live", the radar disply showed suficiert information for
meto make my evaluaions.

1 2 3 4 5 6 7 8 9 10
strongly strongly
disagree agree

2. Thetraining peiod was sufficient for meto become familiar with the new evaluaion form.

1 2 3 4 5 6 7 8 9 10
strongly strongly
disagree agree

3. Please wite dovn ary recanmendations you have for improving the videotape ewaluaions
methodology (e.g., training format, videotape pesemation, efc.).
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4. Pleaseibt ary other objecive peformance measues hat stould be cdlected D evaluate
controller effectveress €.g., aircraft flight time, aircraft fuel consunmption).

5. Please dicuss with aspedt d the catroller pefformance vdeo evaluation study
could be improved in future efforts.
a. Pseudo-pilot video tape (presented on left screen)
b. ATCoach replay (presented on center screen)
c. Over-the-shoulder video tape (presented on right screen)
d. Audio
e. Other
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6. Please ate the piofessonalism ard pesonal denearor of the lab personnel involved n
conduding this sudy.

7. How can R&D help operations a your facilit y?
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Apperdix G

Hourly Schedule o Activities
Hourly Schedule of Activities for Training Session | (Day #2)

Time Block Scheduled Activity
8:00 - 9:30  Orientation (EARL ard PAUL)
Introdudions, Background Questionnaire, and Lab Tour
9:30 - 9145  15-Minute Break
9:45 - 1045 Performance Measurement, Project Overview, and Previous Experiments (EARL and PAUL)
1045 - 1100 15-Minute Break
11:00 - 1200 16 Personality Factor (JENNY)
1200 - 1:00 Lunch Break
1:00 - 2:30 ZJX Setor (DAVE)
Layout and Procedures, Review of Synopds, ard Hands-On Demo Scenario
2:30 - 2:45  15-Minute Break
2:45 - 3:45  Discussion of Factors and Issues Most Critical to En Route Air Traffic Control (LAURIE)
345- 4:00 Summay ard Question Period (EARL, PAUL, JENNY, DAVE, and LAURIE)
Done for the Day
Hourly Schedule of Activities for Training Session I, Day 1 (Day #3)
Time Block Scheduled Activity
8:00 - 9:00 Overview of Evaluation Form (DAVE and JENNY)
Purpose, Background Work, Peformance Sales, and Design Features
9:00 - 9:15  15-Minute Break
9:15 - 10:15 Presentation of Pradice Replay (DAVE)
View “A” Scenario Segment, Review Sector ard Procedures, ard Use Evaluation Form
10:15 - 10:30  15-Minute Break
10:30 - 11:30  Group Discussion of Evaluations (DAVE and JENNY)
Discuss Rerformarce Areas, Criteria Sandards and Scenario Ratings
1130 - 1230  Lunch Break
12:30 - 1:30  Presentation of Pradice Replay (DAVE)
View “B” Scenario Segment, Review Sector and Procedures, ard Use Evaluation Form
1:30 - 145  15-Minute Break
145 - 2:45 Group Discussion of Evaluations (DAVE and JENNY)
Discuss Rerformarce Areas, Criteria Sandards and Scenario Ratings
245 - 3:00 15-Minute Break
3:00 - 4:00 Summay ard Question Period (DAVE and JENNY)

Done for the Day
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Hourly Schedule of Activities for Training Session I, Day 2 (Day #4)

Time Block Scheduled Activity

8:00- 9:00 Presentation of Pradice Replay (DAVE)

View “B” Scenario Segment, Review Sector ard Procedures, ard Use Evaluation Form
9:00 - 9:15  15-Minute Bresak
9:15- 10:15 Group Discussion of Evaluations (DAVE and JENNY)

Discuss Rerformarce Areas, Criteria Sandards and Scenario Ratings
10:15-10:30  15-Minute Break
10:30- 12.00 Disausson of Generic En Route Sector (STAN and DAVE)

Layout and Procedures
12:00 - 1:00 Lunch Break
1:00- 2:00 Presentation of Pradice Replay (DAVE)

View “A” Scenario Segment, Review Sector ard Procedures, ard Use Evaluation Form
2:00- 2:15 15-Minute Break
2:15- 3:15 Group Discussion of Evaluations (DAVE and JENNY)

Discuss Rerformarce Areas, Criteria Sandards and Scenario Ratings
3:15- 3:30 15-Minute Break
3:30- 4:00 Summay and Question Period (DAVE and JENNY)

Done for the Day

Hourly Schedule of Activities for Training Session Il, Day 3 (Day #5)

Time Block Scheduled Activity

8:00- 9:00 Presentation of Pradice Replay (DAVE)

View “A” Scenario Segment, Review Sector and Procedures, ard Use Evaluation Form
9:00 - 9:15  15-Minute Break
9:15- 1015 Group Discussion of Evaluations (DAVE and JENNY)

Discuss Rerformarce Areas, Criteria Sandards and Scenario Ratings
10:15- 10:30  15-Minute Break
10:30- 11:30 Disausson of Generic En Route Sector (STAN and DAVE)
1130 - 1:00  Lunch Break
1:00- 2:00 Presentation of Pradice Replay (DAVE)

View “B” Scenario Segment, Review Sector ard Procedures, ard Use Evaluation Form
2:00- 215  15-Minute Break
2:15- 3:15  Group Discussion of Evaluations (DAVE and JENNY)

Discuss Rerformarce Areas, Criteria Sandards and Scenario Ratings
3:15- 3:30  15-Minute Bresk
3:30- 4:00 Summay ard Question Period (DAVE, JENNY, and STAN)

Done for the Day
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Hourly Schedule of Activities for an Evaluation Day

Hourly Schedule of Activities for the Evaluation Day

(Days #6-#8) with Debriefing (Day #9)
Time Block Scheduled Activity Time Block Scheduled Activity
8:00 - 8:30  Getting Settled / Question Period 8:00 - 8:20  Getting Settled / Question Period
8:30 - 9:30 View Replay 8:20 - 8:40 Final Questionnaire
9:30- 950 Finish Evaluation Form 8:40- 855  15-Minute Bresk
9:50 - 1005 15-Minute Break 855 - 955  View Replay
1005 - 1105 View Replay 9:55 - 10:15 Finish Evaluation Form
11:05 - 11:25 Finish Evaluation Form 10:15 - 10:30  15-Minute Break
11:25 - 12:30  Lunch Break 10:30 - 11:30 View Replay
12:30 - 1:30  View Replay 11:30 - 1150 Finish Evaluation Form
1:30 - 1:50  Finish Evaluation Form 1150 - 1250 Lunch Break
1550 - 2:05  15-Minute Break 1250 - 150 View Replay
2:05- 3:056 View Replay 1550 - 2:10  Finish Evaluation Form
3:05 - 3:25  Finish Evaluation Form 2:10 - 2:25  15-Minute Break
3:25 - 3:40  15-Minute Break 2:25- 3:25 View Replay
3:40 - 4:00 Discussion of Ratingsand Scenarios 3:25 - 3145  Finish Evaluation Form
Done for the Day 3145 - 4:00 Discussion of Ratingsand Scenarios

Debriefing
Donefor the Day




Apperdix H

Summary Sheet

| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. Maintaining Separation and Resolving Potential Conflicts............ccoooeviiiiiinnn.n. 1
* ugng control instrudions that mairtain safe aircraft separation
* deecting ard resolving impending conflicts early
* recognizing the need for spead restrictions and wake turbulence separation

2. Sequencing Arrival ard Departure Aircraft Efficiently..................cccoiiis 1
» udng dficient and arderly gpacing techniques for arrival and departure
aircraft
* mairtaining safe arrival ard departure intervalsthat minmize ddays

3. Using Control Instrudions Effectivel y/Efficiently ..., 1.
* providing acuratenavigational asistance to pilots
* issuing economical dearances that result in need for few additional
instructions to handle aircraft completely
* ersuring clearancesuse mnimum necesary flight path
changes

4. Overall Safe ard Efficient Traffic How ScaleRating...........ocoovvvvvvviiiiiiiiiinnnnn, 1.
Il - MAINTAINING ATTENTIO N AND SITUA TION AWARENESS

5. Maintaining Awareness of Aircraft POSIIONS............ueiiiiiiiieiiiiieiei, 1.
» awiding fixation on one area of the radar scope when other areas need
attention
» ugng scaming pattens that manitor all aircraft on the radar scope

6. ENsUring POSItIVE CONLIOl ........uuuiiiee et 1.
* tailoring control adions to Stuation
» udng gandard procedures for handling heavy, emergency, and urusud
traffic Stuations
« ersuring pilot adherence D issuedcleaances

7. Detecting PFilot Deviations from Control Instrudions..................cccccviiiiiieeeen. 1

« ensuring that plots follow asigned dearances correctly
* correcting pilot deviationsin a timdy mamer
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8. Coarecting Own Errorsin a Timdy Manner............oooooviiiiiiiiiiiiiiiiiiinneeeeee e 1.2 3 456 78
* ading quickly to correct errors
« changing an issuedcleaance when necesary to expalite traffic flow

9. Overall Attention and Stuation Awareness ScaleRating ..............coooevvvvviiinnnnns 123456 78
Il - PRIORITIZING
10. Taking Actions in an Appropriate Order of Importance.............cceevvvvvvvieennnnnn. 123456 78
* resolving stuations that need immadiateattention before handling low
priority taks

* issuing control instructions in a pioritized, srucured, ard timdy mamer

11. Preplaming Control ACHONS. ........uiiiiiiiii e 1.2 3456 78
» scaming adacent sectors to planfor future and conflicting traffic
* dudying pending flight stripsin bay

12. Handling Control Tasks for Several Aircraft..........ccccooeeiiiiiiiiiiiiiiiiiiiieeeen 1.2 3 456 78
* ghifting control tasks between several aircraft when necessary
e communicating in timely fashion while sharing timewith other adions

13. Marking Hight Stripswhile Performing Other Taks.............oooiiiiiiiiinnee. 123 456 78
» marking flight strips aacuratdy while talking or paforming other taks
* keeping flight Srips current

14. Overall Prioritizing Scale Rating............ccccvveiiiiiiiiiie e 1.2 3 456 78
IV - PROVIDING CONTROL INFORMATION

15. Providing Essential Air Traffic Control Information...........ccceeiiviiiiiiininennn, 123 456 78
« providing mardatay services and adsisories to pilots in a timdy mamer
» exchanging essential informatian

16. Providing Additional Air Traffic Control Informatian...............cccceviieiennnnn. 123456 78
* providing adlitional services when workloadis not a factor
» exchanging adlitional informatin

17. Overall Providing Control Informatian ScaleRating .............cccooeeeiiiininnnns 123456 78
V - TECHNICAL KNOWLEDGE
18. Showing Knowledgeof LOAS ad SOPS........cooiiiiiiiiiiieiii e 1.2 3 456 78

« contralling traffic asdepicted in current LOAs and SOPs
 paforming hand-off procedures correctly
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19. Showing Knowledgeof Aircraft Cgpabilitie s and Limitations

» udng apropriate ped, vectoring, ard/or altitudeasignmentsto separate 1 2

aircraft with varied flight capabilities

* issuing dearances that ae within aircraft performarce paameers

20. Overall Technical KnowledgeScale Rating...............coeeeeee.

VI — COMMUNICATING

21. Using Proper Phraseology............evveeiiiiieeeiiiiiiiiiiiiee e

» ugng wordsand plrases specified in the 711065
 udng phraseology that isappropriate for the Stuation
* usgng minimum necessary verbiage

gpeaking with confident, atthoritative tone of voice

22. Communicating Clearly and Efficiently............oooviiiiiiiiinin 1.2
» gpeaking at the proper volume and ratefor pilots to understand

» gpeaking fluently while scanning a paforming other tasks
* ensuring dearance ddivery is complete, correct ard timdy
* providing complete informatian in each dearance

23. Listening to Filot Readbacks and RequUestS............ccceeeveeeenes
* correcting pilot readback errors
 adknowledging pilot or other controller requests promptly
* processing requests correctly in a timdy mamer

24. Overall Communicating Scale Rating.............coevvvvvvevvniinnnnn.

w

A

56 78

56 78

56 7 8

56 78

56 78

56 78



Apperdix |

Presemation Order of Scerarios

Day1 Day 2 Day3 Day4
Controller | Scenario Controller | Scenario Controller | Scenario Controller | Scenario
(condition) (condition) (condition) (condition)
1 1(A)* 5 5(B) 5 8(A) 4 4(B)?
2 2(B)** 7 6(A) 8 9(B) 3 3(A)?
3 3(A) 9 7(B) 6 1(A) 8 9(B)®
4 4(B) 10 1(A) 1 10(B) 7 6(A)?

*  Caondition A —Current ATC procedures
** Caondition B — Current ATC procedures but drect routingsincluded
# Repeatad scenarios




Apperdix J

System Effeciveress Measus

Abbreviation Description

NCNF

NALT
NHDG
NSPD
NPTT
CMAV

ATWIT

Number of Conflicts
(lesthan5 rm ard 2000 eetseparation)
Number of Altitude Assignments
Number of Headng Assignments
Number of Speed Assignments
Number of Ground-to-Air Transmissions
Cunulative Average d& System Activity/Aircraft
Dersity
(number of arcraft within 8 nm of another
aircraft)
Air Traffic Workload Input Techique Raing




Apperdix K

16PF Desciptive Satistics

Table K-1. Desciptive Satistics for Participart Scores m 16H Global Factors

Factor Mean Standard Deviation
Extraversion 433 2.78
Anxiety 6.11 2.26
Tough-Mindedness 6.44 2.13
Independence 5.00 1.94
Sdf Control 5.44 2.07

Table K-2. Desciptive Satistics for Participart Scores o1 16F Bast Facibors

Factor Mean Standard Deviation
Warmth 3.56 1.88
Reasoning 744 2.07
Emaional Sahlity 5.78 1.79
Dominance 511 1.96
Liveliness 5.3 2.00
Rule Canscious 5.78 1.72
Social Boldness 4.5 2.01
Sensitivity 444 151
Vigilance 5.56 1.13
Abstractness 5.56 2.07
Privateness 5.22 2.33
Apprehension 6.33 194
Openness to Change 5.33 1.87
Sdf Rdiance 7.00 2.45
Perfectionism 456 2.13
Tension 6.11 2.42




Apperdix L
Correlational Analysis BetweenParticipart Raings aml Scores

on 16F Global Factors

16PF GIOBAL FACTORS

RATING SCALES Extroversion | Anxiety Tough Independence | Sdlf
Mindedness Control
1. Maintaining Separation and Resolving Potential A7 -.22 -.07 A3 -.16
Conflicts
2. Sequencing Arrival, Departure, and En Route Aircraft A48* -.24* -.38* .26* -.49*
Efficiently
3. Using Cantrol Instructions Effectively/Efficiently .09 -.10 -.13 12 -.21
4. Overall Safe ard Efficient Traffic How Scale Rating .30* -.25% -.17 17 -.30*
5. Maintaining Stuational Awareness 32* -.22 -.14 27* -.30*
6. Ensuring Positive Control A4A1* -.29* -.32* 31+ -.40*
7.  Detecting Pilot Deviations from Cantrol Instructions 17 -.21 -.12 .14 -.18
8. Carecting Errorsin a Timdy Manner A5 -.14 .04 -.04 -.16
9.  Overall Attention and Stuation Awareness Sale .39* -.31* -.23 31 -.38*
Rating
10. Taking Actionsin anAppropriate Order of .08 -.04 -.22 A1 -.15
Importance
11. Preplanning Cantrol Actions 22 -.06 -.44* 27 -.30*
12. Handing Control Tasks for Several Aircraft .06 -.09 -.19 18 -.16
14. Overall Prioritizing Scale Rating .20 -.14 -.33* 27* -27*
15A. Providing Esential Air Traffic Caontrol Informatian 44 -21 -.34* .20 -.46*
15B. Providing Additional Air Traffic Cantrol Informatian 44 -21 -.25% .16 -.36*
16. Providing Coordination .18 -.06 -.21 .02 -.25*
12. Overall Providing Contral Informatian Scale Rating 43* -.23 -.28* 14 -.43*
19A. Showing Knowledgeof Aircraft Cgpabilities ard .33 -.15 -.30 22 -.49*
Limitations
19B. Showing Effective Use of Equipment .29 -.16 -11 .07 -.31*
20. Overall Technical Knowledge Scale Rating 31* -12 -27 .16 -.41*
21. Using Rope Phraseology .24 -.16 -.22 A7 -.20%
22. Cammunicating Clearly ard Efficiently .25* -.22 -.23 .24* -.31*
23. Listening to Pilot Readbacks and Requests .33 -.24* -.29* .36* -.30*
24. Overall Communicating Scale Rating 32* -.24* -.25% .26* -.36*
Overall Weighted Performarce Score .33* -.29*% -.19 .22 -.32*

*=p<.05

Note: Itens 13 ad 18 ae rot stown here because paiciparts did not rate controllers on them
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Apperdix M

Correlational Analysis BetweenParticipart Raings aml Scores o1 16H- Bast Factors

16PF BASIC FACTORS

RATING SCALES Reasoning Rule Vigilance | Openness | Perfectionism | Tension
Conscious to
Change
1. Maintaining Separation and Resolving Potential -.06 -.18 -.09 .08 -.13 -.19
Conflicts
2. Sequencing Arrival, Departure, and En Route A7 -.45*% -12 .34* -.42* -.22
Aircraft Efficiently
3. Using Cantral Instructions Effectively/ -.02 -14 .05 A1 -.24* -11
Efficiently
4. Overall Safe and Efficient Traffic How Scale .01 -.29* -.13 19 -.26* -.20
Rating
5. Maintaining Stuational Awareness -.13 -.22 .03 31* -.38* -.18
6. Ensuring Positive Cantrol 15 -.42* -.19 .30* -.31* -.20
7. Detecting Filot Deviations from Control .00 -.20 -.07 .06 -.14 -.19
Instructions
8. Carecting Erorsin a Timdy Manner .00 -11 -.23 -.09 -.20 .01
9. Overall Attention and Stuation Awareness .02 -.35* -13 33 -.40* -.22
Scale
Rating
10. Taking Actions in an Appropriate Order of .23 -.20 -.09 .08 -.04 -.02
Importance
11. Preplanning Cantrol Actions .36* -.34* -.02 22 -.13 -.08
12. Handling Cantrol Tasks for Several Aircraft 13 -17 -.03 .09 -.10 -.04
14. Overall Prioritizing Scale Rating 22 -.29* -.04 .26* -.18 -.12
15A. Providing Esential Air Traffic Cantrol 15 -.42* -12 .25* -.39* -.19
Information
15B. Providing Additional Air Traffic Control A1 -.37* -.18 .08 -.23 -.13
Information
16. Providing Coordination 14 -.26* -.09 .02 -.12 -.07
17. Overall Providing Control Informatian Scale A2 -.42* -.19 A7 -.31* -.19
Rating
19A. Showing Knowledgedf Aircraft Cepabilities -.07 -.40* .01 .25 -.39* -.09
and Limitations
19B. Showing Effective Use of Equipment -.07 -.25 -12 .01 -.28 -.10
20. Overall Technical Knowledge Scale Rating .02 -.34* -.04 .09 -.30* -.08
21. Using Proper Phraseology A7 -.28* -.16 15 -.25* -.08
22. Cammunicate Clearly and Efficiently -.01 -.30* -.02 .23 -.26* -.21
23. Listening to Filot Readbacks and Requests .07 -.29* .02 A43* -.31* -.24*
24. Overall Communicat. Sale Rating .04 -.33* -.09 .26* -.33* -.19
Overall Weighted Performarce Score .03 -.33* -.16 .21 -.28* -.22

*=p<.05

Note: Itens 13 ad 18 ae rot stown here because paiciparts did not rate controllers on them
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