dte technical note tec

The Development and Evaluation of a
Behaviorally Based Rating Form for the
Assessment of En Route Air Traffic
Controller Performance

Jennifer J. Vardaman, Ph.D., PERI
Earl S. Stein, Ph.D., ACT-530

June 1998

DOT/FAA/CT-TN98/5

Document is available to the public
through the National Technical Information
Service, Springfield, Virginia 22161

U.S. Department of Transportation
Federal Aviation Administration

William J. Hughes Technical Center
Atlantic City International Airport, NJ 08405



NOTICE

This document is disseminated under the sponsorship

of the U.S. Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for the contents or use thereof.

The United States Government does not endorse
products or manufacturers. Trade or manufacturers’
Names appear herein solely because they are considered
essential to the objective of this report.



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

DOT/FAA/CT-TN98/5

4. Title and Subtitle 5. Report Date
) ) ) June 1998
The Development and Evaluation of a Behaviorally Based Rating Form for the
Assessment of En Route Air Traffic Controller Performance ch_?ffgéngﬂg Organization Code

7. Author(s) Jennifer J. Vardaman, Ph.D., PERI and Earl S. Stein, Ph.D., ACT-530 | 8. Performing Organization Report No.
DOT/FAA/CT-TN98/5

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)
Federal Aviation Administration

William J. Hughes Technical Center 1T Contract or Grani No-

Atlantic City International Airport, NJ 08405 F2202K

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Federal Aviation Administration )

Human Factors Division Technical Note

800 Independence Ave., S.W. 14. Sponsoring Agency Code
Washington, DC 20591 AAR-100

15. Supplementary Notes

16. Abstract
This project expanded and evaluated the performance evaluation method developed by Sollenberger, Stein, and Gromelski

(1997

Terminal Radar Approach Control rating form and training package designed to better assess air traffic controller perftnmance.

form is a research-oriented testing and assessment tool designed to measure the efficacy of new air traffic control @S] C) sy
system enhancements, and operational procedures in simulation research. The rating form used in the present study focu
observable behaviors that supervisory air traffic control specialists (SATCSs) use to make behaviorally based ratings of en
controller performance. The present study evaluated the inter-rater and intra-rater reliability of performance ratingsineade
Air Route Traffic Control Center supervisors who viewed videotapes and computerized replays of controllers from a previou
recorded en route study. The rating form contained 26 items, which were organized into six major categories. Varioles obg
behaviors, which SATCSs identified as those they consider when assessing controller performance, anchored each perforn
Inter-rater (between rater) reliability of SATCS performance ratings assessed using intra-class correlations was soméwieat
rater (within rater) reliability of SATCS performance ratings was consistent with previous studies and indicated thateaters \
stable over time in the ratings they assigned. Researchers also investigated the relationship between SATCS performande
personality traits from the Sixteen Personality Factor personality inventory. The results indicated that what SATCSh bnigrg
to the experimental evaluation setting, in terms of personality traits, may be related to their ratings. Future ressasbbudéfor
concentrate on distinguishing the sources of measurement error and making whatever changes necessary to produce a re
controller performance assessment tool.

ste

sed or
ou

Dy

Sly
ervab

hance
OW.

ve
rating

it

iable

17. Key Words 18. Distribution Statement

En Route Air Traffic Control This document is available to the public through
Controller Performance Assessment the National Technical Information Service,

Air Traffic Control Simulation Springdfield, Virginia, 22161

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 65

Form DOT F 1700.7(8-72) Reproduction of completed page authorized



Acknowledgments

The auhors wish to ackiowledge seeral people who contributedto this dudy. Dave Cognata,
Supervisory Air Traffic Control Spedalist, Jadksonville Air Route Traffic Control Center, served
asthe subject matter expert onthe pojed. Dr. Lauie Davidson, Princeion Economic Resegch,
Inc., (PERI), audo recordedthe training sesions and provided sgnificant feedack on the
comments madeby the paticipants duing the gudy. Albert Madas aad Mary Delemarre, ACT-
510, tirelessy workedto ensurethat ATCoacdh ran to the saisfadion of the researters. Gerge
Rowand, System Re®urces @rporation, speit countlesshours edting videotapes ad
synchronizing the audo and videotapes edtday of the gudy. Bill Hickman, ACT-510, aad Mike
Cullum and Bruce $ack, §stem Reources @rporation, seved aghe smulation pilots on the
projed. Dr.Eard Stein, ACT-530, seved ashe piojectleadfor this gudy. Dr. Rady
Sollenberger, ACT-530, asmsted with paticipant training and dréting the test pan. Finally, Paul
Stringer, Vice Resdent - Aviation Division, PERI, dso @ntributedto the deggn of this gudy.






Table of Contents

Page

F o 10111 1= o [0 101 01 TSP

EXEQULIVE SUTIMAIY ...ttt ettt e ettt e e e e et e bt e e e e e eebb e e eeeennes Vil.......

O 1 (o To [¥ o1 o] o AT TSP PP PP RSPPPPPN 1.
I = 1o o o 11 o 1.
1.2 Prablem SEBLEMENT. ... ...uuuee i ee ettt e e et e e e et e e e e e er s e e e e e erbn e e e e e eeraa e ans 1.
1.3 ASUMPLIONS @NA GOAIS. .....uiieeeieieii et e et e et e et e e e e e e e e e e e aa e e eeraneeeemn 1.
R U o OO 2.

1.4.10bserving and Rating BENAVION ..........oiiiieiiiiie e e e e s 2....
1.4.2Accommodating Swjed Matter EXPErtS ... 3.

P2 L= 44 To o PSSP 3o
pZ 1ot T 3o
pZ A o= 1] 0 T 0 1 1 P 4.
2.3 Airspace Bd TraffiC SCEIANO0S. .. .....uiiiiri i e e e e e e e e e e eea e e eem 4.

P2 1 g 1H = o] I = Vo || 5.
2.5 PI@EIUIR. ...ttt e e e ettt s e e e e ettt e e e e e e e b e e e e e e erra e e e e 5.
2.5.1REPIAY FIIES......eieeeeeei e VAU

O == U | £ SO PUPPPPY APTUPP
T I oo =L = 110 {......

3.1.1 Inter-Rater Reliability of Participant RalingS..........cccuuiveiiiiiiiiiie e eeeen e 8..
3.1.2 Intra-Rater Reliability of Participant RalingS..........cocuuiiiiiiiiieiiiiieeeeie e 11
3.2 Relationship Between Participant Ratings and System EffedivenessMeasures................. 12
3.3 Intercorrelations Among Overall Performance AreaRatings..........ovvveeeeiveeieiiieeiiiieeeniineenns 12
3.4 Rdationship Baween Paticipant Raings aad Soreson the 16HF Pasonality Inventory .14
3.5 Summary of Final QUESHIONMAITE ........iiieiieeeiie et e ee e et e e e e e e e e e e e e e eea e e eenaneeeee 15

S o1l S o o PP UPPPPTT 15

4.1 Reliability of PartiCipant RatiNGS ........ovieueiieieiie e e e e et e e e e e e e e e e e e e e e e eeneeeees 15
4.1.1Inter-Rater RET@DIITY........uiieeiieeei e e e e e e 16
4.1.2 IntracRater RE@DIITY .. .....uiieeii e 16

4.2 Relationship Between Participant Ratings and System EffedivenessMeasures................. 16

4.3 Intercorrelations Among Overall Performance AreaRatingS........c..ovvveveiiveeiiiieeeniineeeennnnn. 16

4.4 Rdationship Baween Paticipant Raings and Soreson the 16HF Pasonality Inventory .17

4.5 Summary of Final QUESLIONNAITE .......cceuuiieieie e e e e e e e et eeeana s 18

S O] 01U o] 0 S P UPPPPPTRRRPPPPPPTN 19

6. REOIMIMENABIIONS ...ttt e et r e e e e ettt e e e e e e e ab e e e e e e erna e eeas 19

REFEIENCES. ... ettt e s 21



Table of Contents (Cont.)

Appendixes

A - Observer Rating Form -- TRACON

B - Observer Rating Form -- En Route

C - Background Questionnaire

D - Participants’ Air Traffic Control Training and Evaluation Experience

E - Participation Consent Form

F - Final Questionnaire

G - Hourly Schedule of Activities

H - Summary Sheet

| - Presentation Order of Scenarios

J - System Effectiveness Measures

K - 16PF Descriptive Statistics

L - Correlational Analysis Between Participant Ratings and Scores on 16PF Global Factors
M - Correlational Analysis Between Participant Ratings and Scores on 16PF Basic Factors

List of lllustrations

Tables

. Participant Rating Grand MEANS ...........coouuiiiiiiiiiiiiie et [ TR
. Inter-Rater Reliability for the En Route Rating FOIML.........ccouviiiiiiiiiiiiieeeeii e 9

. Intercorrelations Among the Overall Performance Areas.............ccuueuuiiiieiiiiiiiiine e 14
. Mean Weights Assigned to Each Performance Category ..........ccouuuuuiiiiiiieiiiiiieeeeeeiiine e 15

~NOoO O WNPE
=1
—
=
S}J
)
QD
—
D
-
pY)
@
5
=)
E
<
<)
-
~—+
=y
(9]
m
>
Py
(@]
c
—
(¢
Py
2
>
o
M
o
S
=
=

vi



Execuive Summary

Inthis seond gudy on paformancerating, reseachersinvedigaedthe process usety
supevisory arr traffic control specalists (SATCSs)to rate en route ar traffic control spedalists
(ATCSSs). This poject expanded ad evaluated an eafier peformance evaluaion method
developed for Terminal Radar Approad Control (TRACON) ATCSs. This rating form and
training package wast@ging and assessent tool to measue the dficagy of new ar traffic
control systems, g/stem enhancements, and operational proceduesin smulation reseach.

The rating form usedin the present sudy focusedon obsevable en route behaviors that SATCSs
can useto makebehaviorally basedratings of controller peformance. The peset sudy
evaluated the reliability of the rating process by determining the level of agreament between
ratingsof ar route traffic control center (ARTCC) supevisors who viewedvideotapes ad
computerized grapicd redays of controllersfrom a previoudy recorded @ route gudy.

The en route raing form contained 26items. However, paticipants concludedthat they had
insufficient information to rate two items. The peformance aeas wee organizedinto Sx
caegories: Mantaining Sde and Efficient Traffic Flow, Maintaining Attention and Stuational
Awareness, IRoritizing, Providing Control Information, Technicd Knowledge, ad
Communicaing. Obsevable behaviors anchored eab paformance aea. S TCSsidentified
thesebehaviors asthosethey consider when assessg ATCS peformance. The rating form
contained an eight-point rating scée format with statements desdbing the apiticable antroller
adionsfor eat point. A comment sedion for ead item provided spacéor paticipantsto
explain the ratingsthey assgned.

The gudy took placein the Resegch Development and Human Fadors Laboratory (RDHFL) at
the Federal Aviation Administration Willi am J. Hughes Technicd Center, Atlantic City
International Airport, New Jersey. Nine en route SATCSs from five different ARTCCs
paticipaed aobsavers. The RDHFL video pojedion system preseitedthreeviewsof a
previoudy recorded & route gudy. The pimary view was a gradpca playbackof the traffic
scenario that srowed d the information on the @ntroller's radar dsday. Another view was an
over-the-souldervideo reording of the controller s upperody that siowedinteradions with
the workstation equpment. The third view was avideoreaording of the traffic scenario asit
appeaedon the smulation pilot’s dispay. All threeviews wee smultaneoudy presettedon
different scre@s and synchronized wth an audo rewrding of the controllers ad Smulation
pilots.

The reseachers assessed two types of reliability: inter-rater and intra-rater. Inter-rater reliabili ty
refers to the uniformity of the ratings between participants, and intra-rater reliability refersto the
uniformity of the ratings on repeded occasons.

The results of the present study indicated that the inter-rater reliability of the en route rating form
ranged fromr =.27tor =.74. The overdl ratingsfor ead performance caegory were geerdly
more rdiable than the individud ratingsincludedin eat caegory. The intra-raer rdiabilities
were higher. Participants were nore consistent individually over time than they were between
ead other reviewing the sane controller behavior.
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There are possible explanations for the inter-rater il#ffadpefficients. Participants concluded

that they had specialized knowledge and wanted to take a very active role in the process of
developing the rating form and its associated training. Second, the changes, even though
recommended by the en route SATCSs who participated in the present study, may also have had
an impact on inter-rater religity. Finally, there were some problems with the simulation replay
technology during the present study.

Researchers also investigated the relationship between participant ratings and selected personality
traits. Participants completed the Sixteen Personality Factor (16PF) personality inventory. The
results indicated that the personality traits participants bring with them to the experimental setting
may be related to their ratings. Such traits are difficult to overcome with only 1 week of training

in the experimental environment.

The performance rating form is a research-oriented assessment tool, which provides data about
controller performance that is not available from other sources. Future research efforts should
focus on identifying the sources of measurement error and making whatever changes are
necessary to produce a more reliable instrument.
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1. Introduction

Thisisthe seond in a seiesof reseach sudiesinvolvedin developing more dfedive
performance rding procedures.The first gudy involved dereloping a peformance rding form to
test ad assessimulation reseach usng Terminal RadarApproad Control (TRACON)
peronnel. The presat sudy concentratedon a peformance rding form for en route ar traffic
control specalists (ATCS3.

1.1 Backgound

Sollenberger, $ein, and Gromelski (1997) ondudedthe first sudy. They developedthe
TRACON rating form to assessew ar traffic control (ATC) systems, ystem enhancements, and
operdiona procedures.They attemptedto (a)build a rdiable tool for measuing controller
performancein the reseach sdting; (b) improve the qudity of ATC peformance e/auations; (c)
improve the quality, reliability, and comprehensiveness of ATC evaluations and tests inthe
reseach sdting; and (d) identify criteriafor evaluaing controller peformance.

The Sollenberger et b (1997) sudy indicatedthat the raing process was wkable in a
TRACON environment. It asoidentifiedthe peformance aeasthat wee more dfficult for
participants to evaluate consistently, possbly due to misunderstanding rating criteria or
overlooking criticd controller adions. Finally, the study demonstrated the feasibility of using
video ad computerized grapicd playbacktednology as a presgation method for evaluaing
controller performance

1.2 Problem Statement

Human performance isessential to overall system performance The dedsions humans nmeke and
how they acton them diredly impactthe degeeto which the g/stem adiievesits goals. Thereis,
however, disageament on what role the human playsin the g/stem and what makes ughuman
performance Most systems have some definition of minimum essential performance for their
human operators, but they do not distinguish levels of performance quality above the mnimum
level. The problem, then, is, if standards of performance are not well defined, how do subjed
meatter experts (SMES) know what congtitutes“accepable” or “unaccepable” peformance?

Reseachers at the Federal Aviation Administration (FAA) William J. Hughes Tedchnicd Center
have gudied human paformanceissuedor many yeas. Mud of thisreseach has $ressed
system effedivenessmeasues(SEMS) that can be wllededin red time duing ATC gmulations.
SEMs ae objedive measuesthat can be mlleded ad analyzedto assesthe dfeds of new ATC
systems and procedueson controller peformance.

1.3 Assumptions and Goals

Sollenberger et b (1997) onduded a sudy to deemine if SEMs are retedto how SMEs
evaluae ontroller peformance. The auhors invegigated whether or not SMEs wuld be trained
to evaluae ATCS peformance sothat they were looking atthe sane behaviors and asggning
similar values to them. They aso investigated whether or not SMES combined performance
evaludaions aerelatedto the EEMs, assming thatthe SMES ratings ae reliable.

1



Sollenberger et b (1997)believedthat it is possble to train supevisory ATCSs (A TCSs)to
objedively obsenve and evaluae antroller peformance. RATCSs are xpetienced wth FAA
Form 3120-25the ATCT/ARTCC OJT hstructor Evauation Report. The auhors assmedthat
FAA Form 3120-25 ould be improved, ad, when supprtedby atraining curiculum,
performance-rding qudity would dsoimprove. They did not intend to develop a peformance
evaluaion formto repaceFAA Form 3120-25. Rther, they intendedto develop an
obseavationa paformancerating system that could be usedo validate other measuement
systems.

Perfformance can vary adong a @ntinuum of qudity basedon avatriety of varnables. e
important variable is the human operator, who must omplete spedic tasksthat ae assessed
relation to a known standard. If the operator’s peformance exceedghat sandard, it islabeled
“accepable,” but, if the operator’s performancefails to meetthat sandard, it is labeled
“unaccepable.”

1.4 Purpse

The purpose of the present study was thredold: (1) determine the reliability of participant ratings
of controller peformance obtainedviathe en route rating form; (2) deermine the relationship
between paticipant ratings and séeded pesonality traits; and (3) further invedigae the
feasibility of using video and computerized graphica playbad technology as acontroller
performance ezaluaion method.

1.4.1 Observing and Rating Behavior

SMEs evaluae peformance. However, sometimesthey apgy their personal sandard rather than
the known sandard. Pesona standards ae often influencedby the SME’s experience, training,
peer peformance, and organizaiona sandards Anagdas, 1988). Reltime peformance rdings
must focus on concrete, observable behaviors. Even though the purpose of the rating should not
influencethe qudity of the rating desgn or execttion, it sometimes aes.

Anagas (1988) dscussed usg raings as dterion measuresor the verificaion of principdly
predctive indicators. The auhor satedthat despie technicd flaws ad biasesof evauators,
ratings ae important sourcesof criterion information when they are @lleded under ystematic
conditions. She emphasized the importance of evaluator/rater training to increase reliability and
validity while reduang common judgmental errors. Training can takemany forms, but anything
that heightens an evaluator’ s observational skills will probably improve rating quality, which
affedsreliability.

This study evaluated two types of reliability: inter-rater and intra-rater. Inter-rater reliability
refersto the reliability of two or more independent raters. Intra-rater reliability refersto the
reliability of an individual rater over time. Performance ratings can be sources of measurement
error, so it isimportant to evaluate the consistency of such ratings. Inter-rater reliability is often
evaluated through intra-class correlations, and reseachers evaluate intra-rater reliabili ty with
Peason’s product moment correlations. Some standardized instruments have obtained
reliabilities that are considered accepable, with r = .85 or better (Gay, 1987, p. 141).



FAA reseachers assss the reliabili ties of many types of ratings, including over-the-shoulder
(OTS) observationa ratings. ATCSs have employed OTS observational ratings since the
initiation of the ATC system. ATCSsbelieve they are quéifiedto obseve and evaluae each
other. However, a ontroversy exists over the value of obsevational peformanceratings as
compaedto objedive ddathat ae obtainedin the laboratory. One problemisthat ATCSs ae
very degsive, ad it can be hard to changetheir ideas bout paformance ezaluaion. When
observing the same behavior at the same time under the same conditions, evaluators who have rot
been trainedto systematicdly obsave may produce dfferent resuts from the trained evaluaors.
Under such circumstances, inter-rater reliability deaeases.

OTS observational ratings have, however, often been used in ATC simulation reseach. Buckley,
DeBawyshe, Htchrer, and Kohn (1983)includedobsewational ratingsin their peformance
evaludion system. Two obsavers completed peformance evaluations esery 10 minutes duing
the smulations. They used a 1{point scde to rate two aeas:.overal system effediveness ad
individud controller judgment/technique. hter-raer rdiability ranged from .06 to .72.

1.4.2 Accommodaing Sibject Mdter Expats

There are aghntages ad dsadrantagesto acommodaing SMEs. The pimary advantageis that
they can make suggesons for changesto the ATCS peformance-raing form that would increase
its redism and its applicability to the field setting. Also, there is nore participant buy-in possble.
However, the correspnding dsadrantageis that incorporating sud suggesons may renderthe
form fadlity- or use- spedfic. That is, if reseachers incorporate SATCSs suggesionsinto the
form, and some of those suggdsons apjby only to the paticipant’s paticular fadlity, the form
would be uséess. The rating form usedin this dudy wasintendedto be areseach tool only, not
to repacethe evaluaion form currently usedin the field. Therdore, reseattersincludedonly
those suggdsons that rdatedto obsewnable behaviors that wuld be evaluated both by the form
and in the reseach environment curently in use athe Reseach Development and Human Fadors
Laboratory (RDHFL). A related dsadrantageisthat SMEs bring to the researt environment
personal and fadlity biases that can influence the research process When observing and
evaluaing controller peformance as a gup, the goal isfor the SMEsto adbpt mutud rating
criteria in meking their evaluations. 1f SMEs were using the same criteria in making their
evauaions, reseachers would be better @le to assesthe validity and usdulnessof the rating
form. SMEbiases Bould be addressely including comments and suggeteditemsin the form,
but not if those items cannot be kehaviorally evaluated.

2. Method

2.1 Participants

Nine SATCSs from five different air route traffic control centers (ARTCCs) participated in the
presat sudy. They rangedin agefrom 31to 54years(M = 4456, SD = 7.45). The paticipants
were full performance level SMEs with current experience incontrolli ng traffic at their respedive
ARTCCs. They adively controlledtraffic from 11to 12of the previous 12months (M = 1189,
SD =0.33). They had from 9to 29 yeas experience controlling air traffic (M = 20.00,SD =
6.16), including from 1%2to 20years &petiencetraining and evaluaing controllers(M = 1394,
SD =5.75). Finaly, the paticipants had normal vision corredable to 20/30 with glasses.
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2.2 Raing Form

The Sollenberger et b (1997)TRACON raing form (seeAppendix A) wasthe bass for
developing the en route form. The TRACON rating form contained 24items that assessed
different areasof controller peformance. They organizedthe peformance aeasinto Sx
caegories, wth an overall rating scde includedfor ead caegory. Paticipantsidentifiedvarious
obseavable behaviors that sould be mnsidered when assedsg controller peformancefor each
performance aea. It contained an eight-point scde format, with Satements desabing the
necessey controller adions for eat scde. A comment sedion encouragng paticipantsto write
asmuch as ssble appeeed atthe end of the form. This keptthem oriented on controller
behavior and helpedto reducetheir depadence on memory when assgning numericd ratings.

The en route raing form (seeAppendix B) contained 26items, including two 2-quesion items
(items 15 &d 19). Hbwever, paticipants concludedthat they hadinsuficient information to rae
items 13 &d 18. The en route SATCSs gae sgnificant input on organizing the raing form, and
the researeers revisedit acording to their suggesons. They changeditems 15 ad 16in the
TRACON formto items 15A and 15B, addedtems 16 ad 19B, ad changeditem 19to item
19A. Further,the en route raing form provided spacéor comments dter eat item, with space
for general comments atthe end. Finaly, as pettechnicd instructions gven to the reseachers by
the projed tedhnicd lead, the N/A choice was eliminated from the rating scde in the en route
formto dswurage aoidanceof an item. Instead, p#icipants wrote N/A next to thoseitems that
they felt did not apgy. The en route raing form includedinstructions on how to usethe form and
some assmptions @out ATC and controller peformance.

2.3 Airspace ad Traffic Scaaros

The repay files usedn the presat Sudy were reorded duing a smulation sudy that
invedigatedthe dfeds of freeflight conditions on controller peformance, workload, and
stuation awaraess Enddey, Mogford, Allendoerfer, Siyder,& Stein, 1997). Duing that gudy,
10 controllers from the Jacksonville ARTCC (ZJX) worked traffic scenarios using the
Greencove/Keystone setor, a @mbinedhigh dtitude setor.

Greancove/Keystone is respnsible for dtitudesof flight level (FL) 240 and higher and hasfour
primary traffic flows. Suthbound arcraft enter Greencove/Keystone from the northeast ad
northwest and continue ®uth and outheasttoward Fort Laudedde, Miami, and West Pém
Bead dong the J450r J79 arways. Aircraft are usudly attheir final dtitude when they enter
Greencove/Keystone. Dme northbound arcrat leave Olando Intemationa Airport and travel
north or northwest dong the J53or J81 @&ways. They usudly contactthe setor at dout FL 180
while climbing to an interim altitude of FL 230. They will be cleaed to their final altitude when
feasble. Gher northbound arcraft depat from southeastForida and enter Greencove/Keystone
in the uth, near Ofando. These a@craft continue north and northwest dong the J53 ad J81
airways. These &craft are usudly attheir final dtitude when they enter the setor but
occasonally may needthe controllerto dearthemto their final dtitude. For Enddey et d.’s
(1997) purpses,these &crdat were atheir final dtitude when they readhedthe setor.

The Gre@cove/Keystone setor isborderedbelow by the S. Augudine and . Johns setors, on
the northeastby the Sates/Huter combined setor, on the north-northwestby the Alma/Moultrie
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combined setor, on the westby the Lake Gty/Ocda setor, on the uthwestby the Mayo
sedor, on the outh by the Miami ARTCC (ZMA) Boye secor, and on the south-southeastby
the ZMA Hobee setor. For Enddey et d.’s (1997) purpses, # adaceit sedors acceped dl
handoffs and appoved d point-outs. Greecove/Keystone is borderedon the easbty a waning
areathat is controlled by the US Navy. Civilian aircraft may enter the warning area only with
specal pamisson. For Enddey et d.’s purposes,the waning aea was onsderedto be adive,
so no civilian aircraft were permitted to enter the area

Enddey et d. (1997) usedour typesof scaarnos. The presat sudy incorporated only two of
the four freeflight sudy scenario types. The “condition A” scenarios included curent ATC
procedures.The “condition B” scenarios dso dilized curret ATC proceduresut included
direct outings.

2.4 Simulation Fadlity

Reseachers conducted the present study in the briefing room of RDHFL at the FAA William J.
HughesTednicd Center, Atlantic Gty International Airport, New Jesey. The RDHFL briefing
room video pojedion system pres@tedthreeviewsof the Enddey et d. (1997) sudy. The
primary, center view was a gradpca playbackof the traffic scenario usng the smulation
software,ATCoad (UFA, Inc., 1992). The seond view was reordedby avideo caneralocaed
in a @rner of the room in which the Enddey et d. sudy was onduded and showed an OTS view
of the cntroller s upperbody, workstation equpment, and radar dspgay. The controller s head
and am movements and interadions with the workstation equpment were dealy visible, but it
wasnot posshle to readthe writing on flight progress wipsor the ddaon the radar césday. The
third view was avideorecording of the smulation pilot’s radar sceen. All threeviews wee
simultaneoudy presatedon different scre@s and synchronized wth an audo re®rding of the
controllers and simulation pilots.

2.5 Procedure

The gudy took 8 workdays. Thefirst 4 dgs consistedof training and the last 4 dgs mnsisted of
the acud reday evaluaions. Paticipants completed s@erd quesionnaires duing the first
training seswn including the Backgound Quesionnaire (seeAppendix C for the quetionnaire
and Appendix D for their training and evaluaion expelience),the mnsent form regarding audo
recording of discussons (seeAppendix E), and the Sxteen Persnality Fador (16H-) peronality
inventory. Paticipants completedthe Final Quesionnaire (seeAppendix F) on the last evaluaion
day. Onthe Fina Quesionnaire, paticipants indicatedthe overall importance of the sx
performance aeasto overall ATC paformance. They sdeded a weght sore between 0 and 100
for eat area. The waghts wereto sunto 100. Hgher weghts indicaed peformance areashat
the participants felt were nore important to overal ATC performance

Thenine SATCSs paticipaed as aisgle goup in a 4-dg training program in preparéon for
formal evaluaions. The puposeof the training program wasto tead paticipantsto acpt
common rating dandards and educée them concerning the ptfalls of observation. A team of
psychologists and SMEs ondudedthe training program intwo separte ses®ns. The first



training session lasted 1 day and helped participants learn the airspace in the simulation. The
second training session lasted 3 days and helped participants become proficient with the rating
form.

In the first training session, researchers informed the participants about the goals of the study,
how the study would be conducted, and what was expected from them as participants. They
explained all aspects of the simulation setup, equipment, software, and data collection capabilities.
A written description of the sector assisted participants in learning the airspace. The description
included the Letters of Agreement (LOAs) and Standard Operating Procedures (SOPSs) for the
airspace andustrated the sector layout and airways. The first session included several hands-on
training scenarios during which participants had the opportunity to control some air traffic.

In the second training session, researchers explained the rating form design process and
development work. They took several steps to encourage the participants to adopt common
evaluation criteria for their ratings. First, the research team discussed some common rater biases
and how to avoid them. The participants reviewed the rating form and discussed their
interpretations of the terminology. Next, the participants used the rating form while viewing five
practice scenarios. After each scenario, the participants discussed their ratings, what they saw in
the scenario, and why they selected the ratings they did. Each discussion period lasted
approximately 1 hour and helped to clarify any ambiguities in the rating form and identify any
participant whose rating style differed a great deal from the others. Researchers modified the
rating form in line with participants’ input at the conclusion of the training program. The hourly
schedules for training and evaluation activities are given in Appendix G.

After viewing the first practice replay, the participants requested a summary sheet, a copy of the
rating form minus the space for comments after each item. They felt it would be easier to use the
unified sheet and write comments on a sheet of scratch paper and then transcribe their comments
onto the rating form itself. The researchers provided the participants with the requested form (see
Appendix H) and asked the participants to attach their scratch paper to the rating form after the
transcription of their comments.

For the evaluation phase of the study, the researchers selected replays from each of the 10
controllers who participated in the Endsley et al. (1997) study. As part of the design, the
participants viewed four replays a second time to obtain a measure of intra-rater reliability. In
total, the participants viewed 15 45-minute replays.

The presentation order of the scenarios ensured that similar ones were not viewed consecutively.
Researchers organized the presentations so that only two of the controllers in the Endsley et al.
(1997) study (controllers 1 and 5) were viewed twice before the last day of the study. However,
controllers 1 and 5 were viewed on different days performing different scenarios than the first
time they were viewed. Four scenarios, which had already been viewed once each, were viewed
on the last evaluation day. These four scenarios provided the basis for examining ratings of
repeated scenarios. The objective of this procedure was to minimize any carry-over effects
between the replayed stimulus situations. The presentation order of the scenarios is shown in
Appendix I.



In addtion to the ratings obtained from the paticipants, the preseit sudy examined a sebf
SEMs routinely collededin ATC amulation researh (BucKey et d., 1983). The paticipant
ratings wee mmpaedto a sisetof the SEMs, which includedthe number of conflict erors,
controller assgnments, controller transmissons, aircraft density, and controller workload. A list
of the EEMs remrded duimg the presat study is presatedin Appendix J.

2.5.1 Replay Files

In prepaing for the presat sudy, the expelimenters dswmvered sme problems with the
ATCoad refday files. The ddafromthe Enddey et d. (1997) sudy were reordedin averson
of ATCoadh that acountedfor controller entries sub asinterim dtitudes fina atitudes, ad
movements of daablocks. Hbwever,those aitries dd not show up duing the repay. Inthe
reday files usedn the presat sudy, daablocksoverdapped ad incorrectinterm and final
atitudes were presgedin the asgyned dtitude mrtion of the dda block. Therdore, while the
redays wee running, two experienced smulation pilots madethe necessey agusments to the
reday filesto preseit a dsgday more representative of the wntroller’'s adud plannedview
disday. They usedthe computer to move dda blocks and enter crrectintenm and final dtitudes
diredly into the repay files. They did thisthe sane weay for ead reday. The purpseof having
simulation pilots meke these adjustments was to prevent participants from negatively rating the
controllers for not moving data Hocks or not making corred altitude entries.

3. Reslts

The pesent sudy invedigaed

the reliability of participant ratings,

the relationship between participants' ratings and several SEMSs,

the relationship between paticipants’ ratingsin the sx overal peformance aeas, ad

Qo o w

the relationship between paticipants’ ratings axd soreson the 16HF pesonality
inventory.

3.1 Participant Ratings

The overall desciptive gatisticsfor paticipant ratings of controller peformance ae pesetedin
Table 1. Fowever, paticipant ratingsfor items 13 ad 18on the en route raing form arenot
shown in Table 1becausehe en route SATCSs dd not rate the cntrollers on thoseitems. The
participants were unable to determine what the controllers were merking on the flight strips
(shown on the OT S videotape), sdhey did not fed that they could adequtely rate the wntrollers
onitem 13 (marking flight strips while peforming other tasks). Also, the paticipants dd not feel
that they possessed adeggaknowledgeof the setor LOAs and SOPstherdore, they felt they
could not adequtely rate the controllerson item 18 (fiowing knowledgeof LOAs and SOPS).



Table 1. Participant Rating Grand Means

ltem Mean SD
1. Maintaining Separation and Resolving Potential Conflicts 3.56 2.52
2. Sequencing Arrival, Departure, and En Route Aircraft Efficiently 4.86 2.07
3. Using Control Instructions Effectively/Efficiently 5.13 2.12
4. Overall Safe and Efficient Traffic Flow Scale Rating 4.01 2.17
5. Maintaining Situational Awareness 4.84 2.07
6. Ensuring Positive Control 4.35 2.05
7. Detecting Pilot Deviations from Control Instructions 5.36 1.82
8. Correcting Errors in a Timely Manner 5.33 1.79
9. Overall Attention and Situation Awareness Scale Rating 4.59 1.83
10. Taking Actions in an Appropriate Order of Importance 5.61 1.89
11. Preplanning Control Actions 5.55 1.93
12. Handling Control Tasks for Several Aircraft 5.56 1.77
14. Overall Prioritizing Scale Rating 5.34 1.83
15A. Providing Essential Air Traffic Control Information 3.36 2.08
15B. Providing Additional Air Traffic Control Information 4.04 2.12
16. Providing Coordination 3.90 2.33
17. Overall Providing Control Information Scale Rating 3.63 2.02
19A. Showing Knowledge of Aircraft Capabilities and Limitations 5.36 1.97
19B. Showing Effective Use of Equipment 5.58 1.84
20. Overall Technical Knowledge Scale Rating 5.19 1.91
21. Using Proper Phraseology 4.75 2.06
22. Communicating Clearly and Efficiently 5.40 2.07
23. Listening to Pilot Readbacks and Requests 5.07 1.90
24. Overall Communicating Scale Rating 491 1.93

3.1.1 Inter-Rater Reliability of Participant Ratings

The intra-class correlation assessed inter-rater ¥jidbr each item of the en route rating form.
These correlations are presented in Table 2. Items 13 and 18 are not shown in Table 2 because
the en route participants did not rate the controllers on those items.



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

ltem Inter-Rater Reliability

1. Maintaining Separation and Resolving Potential Conflicts 74
2. Sequencing Arrival, Departure, and En Route Aircraft Efficiently 40
3. Using Control Instructions Effectively/Efficiently 47
4. Overall Safe and Efficient Traffic Flow Scale Rating 12
5. Maintaining Situational Awareness .60
6. Ensuring Positive Control 45
7. Detecting Pilot Deviations from Control Instructions .65
8. Correcting Errors in a Timely Manner 61
9. Overall Attention and Situation Awareness Scale Rating 61
10. Taking Actions in an Appropriate Order of Importance 64
11. Preplanning Control Actions 56
12. Handling Control Tasks for Several Aircraft 61
14. Overall Prioritizing Scale Rating .66
15A. Providing Essential Air Traffic Control Information 53
15B. Providing Additional Air Traffic Control Information 47
16. Providing Coordination 62
17. Overall Providing Control Information Scale Rating 95
19A. Showing Knowledge of Aircraft Capabilities and Limitations 27
19B. Showing Effective Use of Equipment 35
20. Overall Technical Knowledge Scale Rating 40
21. Using Proper Phraseology 47
22. Communicating Clearly and Efficiently .56
23. Listening to Pilot Readbacks and Requests 47
24. Overall Communicating Scale Rating 51

.65

Weighted Overall Performance Score

9

The reliability coefficients of the scales included in the en route rating form ranged 027 to

r = .74. Thirty-five percent of the coefficients exceeded.60 and 8% exceeded .70. The

overall ratings for each performance category were generally more reliable than the individual
ratings included in each category. The weighted overall performance scare wéts The

weighted overall performance score was calculated by using the weighting values that indicated
the relative importance of the six performance categories included in the en route rating form.
Participants provided these weighting values on the Final Questionnaire (see Section 2.5,
Procedure). Specifically, the weight for each category was multiplied by the mean rating for each




category (the mean of the ratings for each evaluation item within a category). The results were
summed to produce a weighted overall performance score ranging from 1.0 to 8.0.

Because two of the four types of Endsley et al. (1997) scenarios were used in the present study,
researchers calculated the intra-class correlations for both types of scenarios. The condition A
scenarios included current ATC procedures. The condition B scenarios also utilized current ATC
procedures but included direct routings. The intra-class correlations for the two conditions are
presented in Table 3. Items 13 and 18 are not shown in Table 3 because the en route

Table 3. Inter-Rater Reliability for Endsley et 4997) Condition A and Condition B Scenarios

Item Condition A Condition B
1. Maintaining Separation and Resolving Potential Conflicts 49 .85
2. Sequencing Arrival, Departure, and En Route Aircraft Efficiently 24 42
3. Using Control Instructions Effectively/Efficiently .49 .34
4. Overall Safe and Efficient Traffic Flow Scale Rating .53 72
5. Maintaining Situational Awareness .30 .68
6. Ensuring Positive Control .29 .52
7. Detecting Pilot Deviations from Control Instructions .19 .75
8. Correcting Errors in a Timely Manner .33 .76
9. Overall Attention and Situation Awareness Scale Rating .45 .66
10. Taking Actions in an Appropriate Order of Importance .55 .64
11. Preplanning Control Actions .38 .60
12. Handling Control Tasks for Several Aircraft .53 .56
14. Overall Prioritizing Scale Rating .60 .58
15A. Providing Essential Air Traffic Control Information .53 .45
15B. Providing Additional Air Traffic Control Information .38 .52
16. Providing Coordination .56 51
17. Overall Providing Control Information Scale Rating .49 .50
19A. Showing Knowledge of Aircraft Capabilities and Limitations .29 17
19B. Showing Effective Use of Equipment .35 41
20. Overall Technical Knowledge Scale Rating .33 .35
21. Using Proper Phraseology .60 .29
22. Communicating Clearly and Efficiently .65 46
23. Listening to Pilot Readbacks and Requests .33 .59
24. Overall Communicating Scale Rating .38 48
Overall Weighted Performance Score .10 .67

10



participants did not rate the controllers on those items. As can be seen in Table 3, the reliability
of the condition A scenarios was often lower than that for the condition B scenarios. In condition
A, items 3, 14, 15A, 16, 19A, 21, and 22 were the only items whose reliability was greater than
that of their condition B counterparts.

3.1.2 Intra-Rater Reliability of Participant Ratings

Researchers computed Pearson’s product moment correlations to evaluate intra-rater reliability on
four repeated Endsley et al. (1997) scenarios, two of which were condition A scenarios and two
of which were condition B scenarios. These correlations are presented in Table 4. As can be

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

ltem Intra-Rater
Reliability

1. Maintaining Separation and Resolving Potential Conflicts .69
2. Sequencing Arrival, Departure, and En Route Aircraft Efficiently 75
3. Using Control Instructions Effectively/Efficiently .57
4. Overall Safe and Efficient Traffic Flow Scale Rating .84
5. Maintaining Situational Awareness .70
6. Ensuring Positive Control .69
7. Detecting Pilot Deviations from Control Instructions .38
8. Correcting Errors in a Timely Manner .51
9. Overall Attention and Situation Awareness Scale Rating .75
10. Taking Actions in an Appropriate Order of Importance .67
11. Preplanning Control Actions 74
12. Handling Control Tasks for Several Aircraft .70
14. Overall Prioritizing Scale Rating g7
15A. Providing Essential Air Traffic Control Information .73
15B. Providing Additional Air Traffic Control Information .79
16. Providing Coordination 73
17. Overall Providing Control Information Scale Rating .81
19A. Showing Knowledge of 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. Communicating Clearly and Efficiently .87
23. Listening to Pilot Readbacks and Requests .51
24. Overall Communicating Scale Rating .79
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Iltem Intra-Rater
Reliability

Overall Weighted Performance Score .87

sean in Table 4, the reliabili ty coeffi cients of the scaes included in the en route rating form, which
ranged fromr = .38tor = .87, were somewhat higher than the inter-rater coefficients. Sxty-
three pecent of the wefficients exceedd r = .60 and 13% eceeded =.80. The overdl ratings
for eat performance caegory were geerdly more rdiable than the individud ratings within each
caegory. The overall weighted peformance sore wasr = .87. The intra-rater reliabili ty of the
overall weighted performance score was greaer than the inter-rater reliability of the overall
weighted peformance sore, withr = .65 (nter-rater) vs. r = .87 (ntra-rater). Iltems13and 18
arenot shown in Table 4becauseéhe en route paticipants dd not rate the wntrollerson those
items.

3.2 Rdationship Baween Paticipant Raings and System Effediveness Measies

Enddey et d. (1997) olleded EMSs, objedive measuresf controller peformance. A
correlation analysis deerminedthe relationship between paticipant peformanceratings and the
SEMs. Only two SEMs correlated signifi cantly with participant performance ratings, number of
speed asgnments (r =-.46) and number of ground-to-air transmissons ( =.28). Table5
preseits the desdptive gatisticsfor the EEMs.

Table 5. Peormance Meastes(SEMS)

SEM Mean (Freq.) SD
NCNF (Nurrber of en route conflicts) 0.38 0.49
NALT (Number of altitude changes) 35.13 12.86
NHDG (Number of heading changes) 26.63 11.39
NSPD (Number if airspeed banges) 1.13 0.79
NPTT (Number of push-to-talk communications) 74.50 38.95
CMAYV (Cumulative Average of System Activity/Aircraft Density) 1.67 0.66
ATWIT (Air Traffic Workload Input Technique) 3.25 1.96

3.3 Interoorrelations Among Overdl Peformance AreaRatings

A correlation analysis deerminedthe relationship between the paticipant ratingsin the sx overal
performance aeas: Mantaining Sde and Efficient Traffic Flow, Maintaining Attention and
Situaion Awareness, Roritizing, Providing Control Information, Technicd Knowledge, ad
Communicaion. As canbe seain Table 6,the intercorrelations anong the sx overall
performance aeasrangedfromr = .55to r = .80. All of these orrelations wee sgnificant,
p<.01.

The relationships between the sx “overall” scde ratings and the ratings of their correspnding
subscdes wee dso analyzed. The orrelationsrangedfromr =.72tor = .94. All of the
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“overall” scale ratings correlated significantly with their corresponding subscale ratingpat the
.01 level. This indicates expected redundancy between subscale ratings and their corresponding
“overall” scale ratings.
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Table 6. Intercorrelations Among the Overal Peformance Areas

1 2 3 4 5
1. Overall Safe and Eficient Traffic Flow Scale Rating
2. Overall Attention and Situational Awareness Scale Rating .80
3. Overall Prioritizing Scale Rating T3 .77
4. Overall Providing Control Information Scale Rating 79 | .71 | .68
5. Overall Tedhnical Knowledge Scale Rating 70 | .71 | .71 | .76
6. Overall Communication Scale Rating 55 | .66 | .66 | .62 | .65

3.4 Rdationship Baween Paticipant Raings and Smreson the 16H Pasondlity | nventory

Thereseachers evaluated whether rater backgound relatedto the ratings asgned. The
patticipants completedthe 16H- per®nality inventory during the first dgy of training. The
Ingtitute for Personality and Ability Testing (IPAT) scored the responses and returned the results
as sandadized sores.

Dataincludedhow the paticipants soredfor the five dobal fadors (i.e., extroversion, anxiety,
tough-mindedchess,indepadence, and sdf-control). A seond information setindicated how the
participants scored for the 16 basic fadors (warmth, reasoning, emotional stability, dominance,
liveliness,rule cnsdous, ®cial boldness, sesitivity, vigilance, dostradness, pivateness,
apprehension, opennessto change, s# reliance, pefedionism, and tension). The desdptive
statisticsfor how paticipants soredin terms of the 16H globa and basc fadors ae peseaited
in Appendix K.

Thereseachers arrelatedthe gen saresfrom both the gobal fadors and basc fadors with
paticipant ratings of controller peformance. The resuts of the correlational analysis on the

global fadors ae preseaitedin Appendix L, and the restits of the rrelational analysis on the
basc fadors ae pesaitedin Appendix M.

As can be seain Appendix L, the wrrelations between paticipant ratings and the 16HF global
fadorsrangedfromr = -49tor = .48. These relationships were not strong. However, some
were sgnificant from zero. Extroversion was ggnificantly correlated with 13 of the 26 sckes,
anxiety was ggnificantly correlated with six scdes, ad sdf-control was sgnificantly correlated
with 18 scées. Additionally, thesevariables wee sgnificantly correlated with the overall
weighted peformance sore. Tough-mindedchess wasignificantly correlated with nine scées,
and independence was gnificantly correlated with nine scées. Hbwever, thesetwo variables
werenot sgnificantly correlated with the overdl weighted peformance sore. A p value of .05
was used athe aiterion of sgnificance.

Of the 16bagc fadors, the reseachers wae primarily interegedin rea®ning, rule mnsadous,
vigilance, opennessto change, pefedionism, and tension because aantroller mustbe &le to
develop atimely solution to aproblem. The controller must be able to follow rules (LOAs and
SOPs) ad be vigilant when monitoring the radar sceen. Reseechers askedhe obsaversto
changetheir normal way of thinking about the rating processby adopting mutud evaluaion
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criteriaand rot following personal or ARTCC hases. Controllerstendto have very high
standards FAA, 1998). Appendix M shows the arrelations for these & fadors rangedfromr =
-45tor = .43.

Rule mnsaous was gnificantly correlated with 16 sctes ad pefedionism was ggnificantly
correlated with 14 scées. Both variables wee sgnificantly correlated with the overall weighted
performance sore. Op@nessto change was gnificantly correlated with eight scdes. However,
tension only was signifi cantly correlated with listening to pilot readbadks and requests, and
reasoning only was signifi cantly correlated with preplanning control adions. A pvaue of .05 was
used ashe aiterion of sgnificance.

3.5 Summary of Final Questionnaire

On the Final Quesionnaire, paticipants indicatedthe overall importance of the sx paformance
areado overdl ATC peformance. They sdeded a weght score between 0 and 100for each
area. These weghts summedto 100. Hgher weaghtsindicaed peformance areashat the
paticipants felt were more important to overal ATC paformance. Table 7 peseits the mean
weights that paticipants asgynedto ead of the $x mgjor caegories.

Table 7. Mea Weights Assgnedto Each Peformance Caegory

Maintaining
Maintaining  Attention
aSdead and Providing
Efficient Situion Control Tednical
Traffic Flow Awareness Communicaing Information Knowledge  Prioritizing
Mean 36.67 20.56 1333 1111 10.00 9.44
SD 5.59 4.64 3.54 3.33 3.54 4.64

Paticipants wae dso askedo rate both the radar pesentation and the training peaiod on a scée
of 1 (indicaing poor quality) to 10 (indicating excelent quality). The participant rating of the
radar display was M = 344, SD =2.13 and the paticipant rating of the training perod was

M =722,SD =1.64.

4. Discussn

4.1 Rediability of Participant Ratings

Participants were relatively consistent over time with their own ratings (intra-rater reliabili ty).
Results on the agreement between raters (inter-rater reliability), however, were somewhat
disappointing. The low inter-rater reliability may have been caused by several fadors including
the smulation reday problems that occurred, aifads of the en route environment, the dfferences
in the types of scenarios viewed (condition A or condition B), or an overall |ad of variability.
Further, intra-classcorrelations used to assessthe inter-rater reliabili ty tend to be lower than
Peason bivariate correlations used to measure within-rater agreement. The intra-rater reliability
of the overall weighted performance score was greaer than the inter-rater reliabili ty of the overall
weighted peformance sore: r = .65 (nter-rater) vs. r = .87 (ntra-rater). Thisisnot an
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uncommon finding and refleds the dfficulty of having professonals, who may be internally
consistent with their sandardsfor peformance,try to come to a @mmon frame of reference.
Simulation replay artifads were most likely the culprits of the low inter-rater reliability.

4.1.1 Inter-Rater Reliahility

There are severa possble reasons for low inter-rater reliability. First, eventsthat occurred inthe
training sesson may have influenced the reliability of the en route rating form. Seoond, the
spedfic changesmadeto the form that were resmmendedby the en route paticipants wuld have
also influenced reliability.

The Enddley et d. (1997) ondition A scenarios werelessrdiable in terms of inter-raer rdiability,
than the condition B scenarios. Controllers had to take nore control adions inthe condition A
scanarios (which invegigaed ontroller peformance wnder curent ATC procedues)than they
did in the mndition B scenarios (which invegigated ontroller peformance under drectroutings,
otherwise curent ATC procedues. It appeas that there wasmore ageement on performance
ratings when controllers had to take fewer control adions.

4.1.2 Intra-Rater Reliability

Theresuts of this gudy indicate that paticipants retainedthe sane evaludion criteria when
viewing scenarios norethan once The intra-rater reliabili ties indicaed that they observed similar
events and evaluatedthem the sane way ead time they obseved a speic scaario. It would
not be inrea®nable for paticipants to view dfferent thingson repegedviewingsof a sceario
becausdhey could have missed emething the first time. If the intra-rater reliabili ties were
patticulady low, that would indicate that paticipants might not have viewedthe sane events on
repeaedviewingsof scanaros. This would most likely be dueto paticipants dhanging evaluaion
criteria between scenario viewings.

The results of this study indicate, however, that participants did maintain performance evaluation
criteria between repeaed viewings of scenarios. In many cases, the intra-rater reliabili ties varied
aaoss sckesbut not grealy, given the complexity of the tasks.

4.2 Rdationship Baewee Paticipant Raings and System Effediveness Meases

Of the sx Enddey et d. (1997) &£Ms evaluatedin the presat sudy, only two were gynificantly
correlated with the waghted overall peformance sore: number of speed asgnments (NSPD)
and number of ground-to-air transmissons (NPTT). NSPD wasnversdy correlated with the
weightedoverall peformance sore. Thus,the lower the number of speed asgnments the
controllersmade,the higher their weighted overdl performance sores. This would indicate that
the paticipants ratedthe more dficient controllers (those who madefewer speed agmments or
those who took fewer @ntrol adions) higher. Thatis how controllers are usuly evaluaedin the
field: the more dficient the controller is, the higher the peformancerating the wntroller receves.

4.3 Interaorrelations Among Overdl Peformance AreaRatings

The relationships between obseaver ratingsin the gx overal paformance aeasindicae me
redundancy aaoss aeas. The overal scde ratings wee dl sgnificantly correlated with each
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other at p<.01. The overall scderatings wee dso d dsgnificantly correlated with their
respetive sibscdes atp < .01. Although the mrrelations werenot peifed, this doesindicae
some redwundancy between the overal scdes and their respetive subscdes. Thus,the sane
resuts would probably have been achievedif the sibscdes werenot includedin the raing form.

Thisredundancy can dso be viewed asnternal consistency. Thereis suficient consistency aaoss
caegories,but they may not be redundant. However, becausehe crrelations ae not pefed,
thereis dso ®me wiquevariance within ead area.

4.4 Rdationship Baween Paticipant Raings and Soreson the 16H Pasondlity | nventory

Perondlity is a dfficult constructto measure.The 16H- per®nality inventory is one of the most
widely used and reseached instruments available. Two-week test-retest reliabili ties of the 16PF
fifth edition ranged fromr = .69to r = .87, with amedan of r = .80. Two-month test-retest

reli abili ties of the 16PF fifth edition ranged fromr = .56to r =.79, with amedan of r = .69
(Conn& Rieke, 1994).Thus,the 16H- is mnsideredto be a réiable measureof normal
peronality. The 16H resuts of the presat study indicae that what wntrollersbring with them
to an obseavational rating environment in terms of personality charaderistics, cesmatter. They
suggesthat dmensions that are table pats of who the paticipants aremay relate to some of the
inter-rater reliability issies. These dimensions are diffi cult to overcomewith only 1 week of
training.

Ead of the 16HF global fadors was gnificantly correlated with several of the scéesincludedin
the en route rding form. Thus, paticipants’ per®nality charaderistics were riatedto their
ratings of controller peformance. Four scdes (sequecing ariival, depature, ad en route
aircraft efficiently; ensuring positive wntrol; listening to pilot readacks ad requess; and overall
communicaing scée rating) were sgnificantly correlated with dl five 16HF global fadors. These
results are not surprising. Controllers nust properly sequence aircraft, maintain attention and
situaiona awaeness, pedan and prioritizetheir control adions, povide essetial ATC
information to pilots, axd communicae with pilots and other wntrollers dficiently in orderto
perform adequeely and prevent operdional errors from occuriing. Theided ATCS,the persn
who would be best sitedto peform thesetasks, vaould be more extroverted,less axious (dle
to stay coal in tough situations), more tough-minded (does not change his’her mind very easily
and is not indedsive), indepeaxdent (confident and able to gand hisher giound), and in control
(not get ecited and lose @ntrol of the stuation).

Of the 16HF badc fadors, the reseachers wae primarily interegedin how rea®ning, rule
consdous, vigilance, opennessto dhange, pefedionism, and tension relatedto paticipant rating
of controller peformance. Thatis because antrollers mustbe &le to rea®n how to prevent an
operational error or problem from occuring or, if one doesoccur, the controller mustbe ale to
reason asolution to the problem. The controller must follow rules (LOAs, SOPs, and FAA
711Q65L [FAA, 1998]). The mntroller must remain vigilant when monitoring the radar scree
The paticipantsin the presat Sudy were askedo changetheir normal ways of rating controller
performance (they were asked to ignore personal and/or fadlity biases and to adopt mutual rating
standards), sdhey neededo be opento change. ATC is grictly reguated FAA, 1998). There
isvery little room for error because paple’slives deped on both pilots and controllers, sothe
succesil ATCSmustbe a pefedionist. The succedsl ATCSmust dsobe dle to tolerate
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tension becausehe world of ATC isfilled with tension. Thus, the succesful ATCS would be
able to rea®n solutions to problems, be mwnsdousof ATC rules,be vigilant, be open to change,
be pefedionistic, and be aleto tolerae high tension. Severd of the scéesincludedin the
revisedrating form were sgnificantly correlated with atleastthree(half) of thesefadors,
including the following: sequeacing ariival, depature, ad en route arcrat efficiently; ensuiing
positive control; overall attention and Stuaion awaeness scle rating; providing essatial ATC
information; listening to pilot readacks ad requess; and overall communicating scée rating.

What do ggnificant correlations between 16H- swres ad peformanceratingsredly mean? The
16FF has a god repuation in acadenia, researt, and the dinicd field. The poduds generaed
are geerdly acceped asmeaningful indicaors of the respndent’s peronality, a rdatively
enduring setof traits refleding who the respndent is. The factthat sgnificant correlations exist
suggets that partof the varniancein ratingsmay be rdatedto paticipant backgiound. These
correlations ae far from pefed. Thisindicaesthat there is consderable variance with which
participant personality does correlate.

4.5 Summary of Final Questionnaire

The primary goal of ATC isto maintain safety. Participants gave Maintaining aSafe and Effi cient
Traffic Flow the highest prority when rating controller peformance. Thus, rdersfelt that this
was the nost important of the controllers many tasks.

Paticipants dd not fed that the radar cspgay showed suficient information for them to make
their evaludions, as omparedto viewing controllers“live.” Participants dsoratedthe training
petiod on a scé of 1to 10. The paticipants dd, however, fed that the training pefod was
suffi cient for them to become amiliar with the rating form.

In general, participants did not believe that, compared to viewing controllers live, the radar
disgday showed stficient information for them to maketheir evaluaions. Qne rea®n wasthat
the smulation pilot videotape was unclea. Participants were generally unable to distinguish
letters and numbers. With al of the problemswith the smulation pilot videotape considered,
paticipants dd fed that the plot radar waghe best ®urceto acqure accurge dtitude and route
information. However, from viewing the simulation pilot’s radar videotape, participants were
unable to degemine what the controller was @ing (eg., dropping daa blocks, ettering interim
atitudes,taking hand-offs, and making point-outs).

During some scearios, the sound and the radartape wee not completely synchronized, which
was anoying. Paticipantsfelt that the audo feadure ould be good, but only if it was
synchronized with the pseud-pilot’s radar sceen and/or the OT S videotape.
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Paticipants indicaedthat the OT'S videotape wasot very usdul. They could not seethe grips
well enough to determine if controllers were marking them corredly. Participants felt that the
OT S videotape was useful only to determine if controllers were looking at the scope or “joking in
the asles”

The poblems with ATCoad dso seento have dfeded paticipants’ evaluations. Paticipants
were generally unable to determine if these problemswere related to ATCoadh or to the
controller. They suggegedthat ATCoad should be more redistic and were geerdly annoyed
withit. Inits preset sate, the smulation software was a wtradion to paforming efedive
evaluations.

The paticipants felt that the ATCSs vhom they viewedon tape pefiormed orly. They felt that
the controllers should have approadhed the study as if they were controlling ared life sedor. A
paticipant satedthat they becane so agry atthe controllers’ peformance,they felt their
evaluaions wae beaoming harsher astime went on.

One paticipant had alot to sa about the evaluaion form. The paticipant felt that the form was
much too cumbersome as a udae, in-field document. The evaluaion form usedin this gudy,
however, was rever intended to bean in-field document. It was intended to be areseachtoal
and requresthat paticipants wiite extensively, which they do not doin the field. They deped
heavily on memory when doing perodic and recetification ratings.

5. Conclusons

The present study evaluated the reliability of the revised rating form using en route participants
who obsewned, via videotape &ad computerized grapicd reday, controllers peforming an en
route smulation. The low inter-rater reliability of the en route rating form may have been caused
by ATCoad problems that interrupted the gudy numeroustimes. Reseahersinstructedthe
participants to ignore the system problemsto the limit of their colledive abilities. However, even
though they did their bestto comply, some adrerseimpactmay have occurred.

This study, despite its problems, did lead to some viable conclusions. Intra-rater reliability was
greder than inter-rater reliability. Supervisory controllers cameto the participant-rating task with
personal and fadlity badkgrounds, which can influence results.

Performance evaluation is an inherently complex process There will never be aperfed OTS
evaluaion form or training process. twever, swjedive rating hasbeen a mainstay in aviation
and will continue. Reseacherswill li kewise continue to try and improve the process its
reliabili ty, and subsequent validity.

6. Remmmendaions

Some recommendations follow from the previous onclusons. The reseachers $ould conduct
another video ealuaion, usng the same rding form but computerized grapicd redays and
videotapesfrom an en route gudy other than the Enddey et d. (1997) sudy. Thisfuture sudy
will enable researchersto determine whether or not the unaccepable low inter-rater reliability was
dueto ATCoad problems.
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The en route rating form has potential as an assessment tool that provides data about controller
performance. These data are not available from any other source. Future research efforts will
focus on identifying the sources of measurement error and making whatever changes are
necessary to produce a reliable performance assessment tool. Future development and evaluation
of the rating form will continue and will improve the performance evaluation process.
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Appendix A

Observer Rating Form -- TRACON

OBSERVER RATING FORM

Observer Code 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 evaluate the effectiveness
of controllers working in simulation environments. Observers will rate the effectiveness of controllers in several
different performance areas using the scale shown below. When making your ratings, please try to use the entire
scale range as much as possible. You are encouraged to write down observations and you may make 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 make do not need to be restricted to the performance areas
covered in this form and may include other areas that you think are important. Also, please write down any
comments that may improve this evaluation form. Your identity will remain anonymous, so do not write your
name on the form. Instead, your data will be identified by an observer code known only to yourself and the
researchers conducting this study.

Rating Scale Point Description

1 Controller demonstratezktremelypoor judgment in making control decisions aedy frequently made
errors

2 Controller demonstrated poor judgment in making some control decisions and occasionally made errors

3 Controller made questionable control decisions using poor control techniques which led to restricting the
normal traffic flow

4 Controller demonstrated the ability to keep aircraft separated but used spacing and separation ¢riteria
which was excessive

5 Controller demonstratemtlequatgudgment in making control decisions

6 Controller demonstrategbodjudgment in making control decisions using efficient control techniques

7 Controllerfrequentlydemonstratedxcellenjudgment in making control decisions using extremely good
control techniques

8 Controlleralwaysdemonstrated excellent judgment in making even the most difficult control decisions
while using outstanding control techniques

NA | Not Applicable - There was not an opportunity to observe performance in this particular 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........................ 1.2.3 4 5 6 7 8 NA
« using control instructions that maintain safe aircraft separation
« detecting and resolving impending conflicts early
2. Sequencing Arrival and Departure Aircraft Efficiently............cccccceeeiiennnnn. 1.23 45 6 7 8 NA
« using efficient and orderly spacing techniques for arrival and departure
aircraft
* maintaining safe arrival and departure intervals that minimize delays
3. Using Control Instructions Effectively ...........cccooiiieiiiiieeeeen 1.2.3 4 56 7 8 NA
« providing accurate navigational assistance to pilots
« avoiding clearances that result in the need for additional instructions to
handle aircraft completely
* avoiding excessive vectoring or over-controlling

4. Overall Safe and Efficient Traffic Flow Scale Rating ..............ccccevvvvvvvnnnnn. 1.2.3 4 5 6 7 8 NA

Il - MAINTAINING ATTENTION AND SITUATION AWARENESS

5. Maintaining Awareness of Aircraft POSItiONS............ccccvvvviiiiiiiiiiiiieee, 1.2.3 4 5 6 7 8 NA
« avoiding fixation on one area of the radar scope when other areas need
attention
* using scanning patterns that monitor all aircraft on the radar scope
6. ENnsuring PoSItive CONTIOl...........uuuiiiiiiieeiiiiieeii e 1.2.3 4 56 7 8 NA
7. Detecting Pilot Deviations from Control InStructions................ccovvvvvveennnnnn. 1.2.3 4 56 7 8 NA

« ensuring that pilots follow assigned clearances correctly
« correcting pilot deviations in a timely manner

8. Correcting Own Errors in a Timely Manner..............oovveeeiiiiiiieeeeiieiiiiennnns 1.2.3 4 5 6 7 8 NA
9. Overall Attention and Situation Awareness Scale Rating ............cccccceuvue 1..2.3 4 5 6 7 8 NA
Il - PRIORITIZING
10. Taking Actions in an Appropriate Order of Importance 123 456 7 8 NA

* resolving situations that need immediate attention before handling low

priority tasks

* issuing control instructions in a prioritized, structured, and timely manner

11. Preplanning Control Actions 1 23 456 7 8 NA

» scanning adjacent sectors to plan for inbound traffic
« studying pending flight strips in bay
12. Handling Control Tasks for Several Aircraft 1 23 456 7 8 NA
« shifting control tasks between several aircraft when necessary
« avoiding delays in communications while thinking or planning control
actions
13. Marking Flight Strips while Performing Other Tasks 1 2 3 456 7 8 NA
» marking flight strips accurately while talking or performing other tasks
* keeping flight strips current

14. Overall Prioritizing Scale Rating 123 456 7 8 NA
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OBSERVER RATING FORM
(continued)

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

123 456 7 8 NA

« providing mandatory services and advisories to pilots in a timely manner

» exchanging essential information

16. Providing Additional Air Traffic Control Information
* providing additional services when workload is not a factor
» exchanging additional information

17. Overall Providing Control Information Scale Rating

V - TECHNICAL KNOWLEDGE

18. Showing Knowledge of LOAs and SOPs
« controlling traffic as depicted in curren®lAs and SOPs
« performing hand-off procedures correctly

19. Showing Knowledge of Aircraft Capabilities and Limitations

123 456 7 8 NA

« avoiding clearances that are beyond aircraft performance parameters
* recognizing the need for speed restrictions and wake turbulence separation

20. Overall Technical Knowledge Scale Rating

VI - COMMUNICATING

21. Using Proper Phraseology
« using words and phrases specified in ATP 7110.65
 using ATP phraseology that is appropriate for the situation
« avoiding the use of excessive verbiage

22. Communicating Clearly and Efficiently
« speaking at the proper volume and rate for pilots to understand
* speaking fluently while scanning or performing other tasks
« clearance delivery is complete, correct and timely
* providing complete information in each clearance

23. Listening to Pilot Readbacks and Requests
« correcting pilot readback errors
 acknowledging pilot or other controller requests promptly
* processing requests correctly in a timely manner

24. Overall Communicating Scale Rating

A-3
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OBSERVER RATING FORM
(continued)

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

2. Sequencing Arrival and Departure Aircraft Efficiently

3. Using Control Instructions Effectively

4. Other Actions Observed in Safe and Efficient Traffic Flow

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

6. Ensuring Positive Control

7. Detecting Pilot Deviations from Control Instructions

8. Correcting Own Errors in a Timely Manner

9. Other Actions Observed in Attention and Situation Awareness
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OBSERVER RATING FORM
(continued)
Il - PRIORITIZING
10. Taking Actions in an Appropriate Order of Importance

11. Preplanning Control Actions

12. Handling Control Tasks for Several Aircraft

13. Marking Flight Strips while Performing Other Tasks

14. Other Actions Observed in Prioritizing

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

16. Providing Additional Air Traffic Control Information

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

V - TECHNICAL KNOWLEDGE
18. Showing Knowledge of LOAs and SOPs

19. Showing Knowledge of Aircraft Capabilities and Limitations

20. Other Actions Observed in Technical Knowledge

VI - COMMUNICATING
21. Using Proper Phraseology

22. Communicating Clearly and Efficiently

23. Listening to Pilot Readbacks and Requests

24. Other Actions Observed in Communicating
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Appendix B

Participant Rating Form -- En Route

Observer Code Date

Participant: 1 2 3 456 7 8 9 10

Condition: A B Scenario: 123 456 7 8 9 10 11 12 13 14
INSTRUCTIONS

This form is designed to be used by Supervisory air traffic control specialists to evaluate the
effectiveness of controllers working in simulation environments. SATCSs will observe and rate
the performance of controllers in several different performance dimensions using the scale below
as a general-purpose guide. Use the entire scale range as much as possible. You will see a wide
range of controller performance. Take extensive notes on what you see. Do not depend on your
memory. Write down your observations. Space is provided after each scale for comments. You
may make preliminary ratings during the course of the scenario. However, wait until the scenario
is finished before making your final ratings and remain flexible until the end when you have had an
opportunity to see all the available behavior. At all times please focus on what you actually see
and hear. This includes what the controller does and what you might reasonably infer from the
actions of the pilots. Try to avoid inferring what you think may be happening. If you do not
observe relevant behavior or the results of that behavior, then you may leave a specific rating
blank. Also, please write down any comments that may help improve this evaluation form. Do

not write your name on the form itself. Your identity will remain anonymous, as your data will be
identified by an observer code known only to yourself and the researchers conducting this study.
The observations you make do not need to be restricted to the performance areas covered in this
form and may include other areas that you think are important.

Assumptions: ATC is a complex activity that contains both observable and unobservable behavior.
There are so many complex behaviors involved that no observational rating form can cover
everything. A sample of the behaviors is the best that can be achieved, and a good form focuses
on those behaviors that controllers themselves have identified as the most relevant in terms of
their overall performance. Most controller performance is at or above the minimum standards
regarding safety and efficiency. The goal of the rating system is to differentiate performance
above this minimum. The lowest rating should be assigned for meeting minimum standards and
also for anything below the minimum since this should be a rare event. It is important for the
observer/rater to feel comfortable using the entire scale and to understand that all ratings should
be based on behavior that is actually observed.

B-1



Rating scale descriptors
Remove this Page and keep it available while doing ratings

SCALE QUALITY SUPPLEMENTARY
Least Unconfident, Indecisive, Inefficient,
1 Effective Disorganized, Behind the power curve, Rough,
Leaves some tasks incomplete, Makes mistgkes
May issue conflicting instructions, Doesn’t plgn
2 Poor completely
3 Fair Distracted between tasks
4 Low Satisfactory Postpones routine actions
5 High Satisfactory Knows the job fairly well
6 Good Works steadily, Solves most problems
7 Very Good Knows the job thoroughly, Plans well
Most Confident, Decisive, Efficient, Organized,
8 Effective Ahead of the power curve, Smooth, Complejes
all necessary tasks, Makes no mistakes
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I - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. Maintaining Separation and Resolving Potential Conflicts ....... 1.2.34567 8
* using control instructions that maintain appropriate aircraft and
airspace separation
* detecting and resolving impending conflicts early
* recognizing the need for speed restrictions and wake turbulence
separation

2. Sequencing Arrival, Departure, and En Route Aircraft Efficiently..2 3 4 5 6 7 8
* using efficient and orderly spacing techniques
* maintaining safe arrival and departure intervals that minimize
delays
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3. Using Control Instructions Effectively/Efficiently....................... 1.23 45678
* providing accurate navigational assistance to pilots
* issuing economical clearances that result in need for few
additional instructions to handle aircraft completely
* ensuring clearances use minimum necessary flight path
changes

4. Overall Safe and Efficient Traffic Flow Scale Rating ................ 1.23 4567 8
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Il - MAINTAINING ATTENTION  AND SITUATIONAL AWARENESS

5. Maintaining Situational AWareness.............cccccvvvvvmirrrinninnnnnn 1.2.3 456 7 8

+ avoiding fixation on one area of the radar scope when other
areas need attention

* using scanning patterns that monitor all aircraft on the radar
scope

6. Ensuring Positive CoNtrol..........ccooeveuiiiieiiiieeiiiiee e 1.2.3 456 7 8
» tailoring control actions to situation

* using effective procedures for handling heavy, emergency, and
unusual traffic situations
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7. Detecting Pilot Deviations from Control Instructions ................ 1.2 345678
* ensuring that pilots follow assigned clearances correctly
* correcting pilot deviations in a timely manner
* ensuring pilot adherence to issued clearances

8. Correcting Errorsin a Timely Manner..........ccccoooevveiiiinneennenns 1.2.3 456 7 8
* acting quickly to correct errors
» changing an issued clearance when necessary to expedite traffic
flow

9. Overall Attention and Situation Awareness Scale Rating ......... 1.2.3 456 7 8
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Il - PRIORITIZING

10. Taking Actions in an Appropriate Order of Importance............ 1.2.3 456 7 8
* resolving situations that need immediate attention before
handling low priority tasks
* issuing control instructions in a prioritized, structured, and
timely manner

11. Preplanning Control ACLIONS .........coovvvviieiiiiiieeeeie e 1.2.3 4 56 7 8
* scanning adjacent sectors to plan for future and conflicting
traffic
* studying pending flight strips in bay
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12. Handling Control Tasks for Several Aircraft ............cccoeeeeeeennns 1.22.3 456 7 8
« shifting control tasks between several aircraft when necessary
» communicating in timely fashion while sharing time with other
actions

13. Marking Flight Strips while Performing Other Tasks................ 1..2 34567 8
» marking flight strips accurately while talking or performing
other tasks
* keeping flight strips current

14. Overall Prioritizing Scale Rating ............covvvviiiiiiiiineiieiiiiee 1.2.3 456 7 8
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IV - PROVIDING CONTROL INFORMATION

15a. Providing Essential Air Traffic Control Information.................. 1.2 345678

* providing mandatory services and advisories to pilots in a
timely manner

» exchanging essential information

15b. Providing Additional Air Traffic Control Information................. 1.2 345678
» providing additional services when workload is not a factor
» exchanging additional information

16. Providing Coordination.............cooveeeeeeeiiiiiiiieeee e 1.2.3 45678
* providing effective coordination
* providing timely coordination
* using proper point-out procedures
* performing hand-off procedures properly

17. Overall Providing Control Information Scale Rating................. 1.2 345678
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V - TECHNICAL KNOWLEDGE

18. Showing Knowledge of LOAs and SOPS .........cccovviiiiiiiiiinnnnnn. 1.2.3 456 7 8
« controlling traffic as depicted in current LOAs
« controlling traffic as depicted in current SOPs

19a. Showing Knowledge of Aircraft Capabilities and Limitations...1 2 3 4 5 6 7 8
* using appropriate speed, vectoring, and/or altitude assignments
to separate aircraft with varied flight capabilities
* issuing clearances that are within aircraft performance
parameters

19b. Showing Effective Use of EqQuipmMent............ccceevviiiieiieninnnnn. 1.2.3 45678
* updating of data blocks
* using equipment capabilities

20. Overall Technical Knowledge Scale Rating .............cccccvueenee. 1.2.3 456 7 8
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VI — COMMUNICATING

21. Using Proper Phraseology..........cccooveiiiiiiiiiiiiiiiii e 1.2.3 456 7 8
* using words and phrases specified in the 7110.65
* using phraseology that is appropriate for the situation
* using minimum necessary verbiage

22. Communicating Clearly and Efficiently................ooooiiininnnnns 1.22.3 456 7 8
speaking at the proper volume and rate for pilots to understand

speaking fluently while scanning or performing other tasks

ensuring clearance delivery is complete

speaking with confident, authoritative tone of voice
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23. Listening to Pilot Readbacks and Requests.............cccccceeeeeee. 1.2.3 45678
* correcting pilot readback errors
» acknowledging pilot or other controller requests promptly

24. Overall Communicating Scale Rating .............ccovvvvviviiiinineeeenns 1.2.3 456 7 8

GENERAL COMMENTS
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Appendix C

BACKGROUND QUESTIONNAIRE
Observer Code Date

INSTRUCTIONS

This questionnaire is designed to obtain information about your background as an air traffic
control specialist. The information will be used to describe the participants in this study as a
group in written or oral reports. Your identity will remain anonymous, so do not write your
name on the form. Instead, your data will be identified by an observer code known only to
yourself and the researchers conducting this study.

1. What is your job position or title?

2. What is your age?
years
3. How many years have you worked as an air traffic control specialist?
years
4. How many of the past 12 months have you actively controlled traffic?
months
5. How many years of experience do you have training and evaluating air traffic controllers?
years
6. Please briefly describe your air traffic control training and evaluation experience.
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Appendix D

Participants’ Air Traffic Control Training and Evaluation Experience

OBSRVR AIR TRAFFIC CONTROL TRAINING AND EVALUATION EXPERIENCE
For the past 1 1/2 years | have been the Training Supervisor for my area. | am the liaison bgtween
1 the Training Department and Area 2. For the last 6 months | have been deeply involved in
remedial training and performance improvement of an FPL who was lacking basic skills.
OJTI -- Oceanic control, ARTCC
Academy Instructor -- Screen, OJTI Cadre course
2 Field Instructor -- OJTI class
Trained in 4 field facilities
OJTI -- 1987-1994
OJTE -- 1989-
3 Supervisor with training as collateral duty -- 1994-present
| also maintain an “FPL development” binder to assist controllers in career and personal
development after FPL certification.
Reached full performance level in 1980 after 5 years of work/training.
4 Served as OJT instructor from 1981 until 1986.
Spent 18 months in traffic management, 1988 until 1992, controller and OJT instructor.
1992 until present -- Supervisor performing controller evaluations and certifications.
Crew training specialist. Various details to the training department for upgrade training clasges.
5 Evaluator and certifier.
OJT instructor -- 1974-1979, 1982-1985
6 Area Supervisor with collateral duty as Area Training Supervisor -- 1985-1996
Controller evaluations/every 6 months/for 10 years. Skill checks and evaluations on ATC
7 developmentals -- 15 years/skill check -- certifications on going.
Hired in the FAA, trained in a nonradar environmeatef radar), became a Full Performance
8 ATCS, and worked in Traffic Management prior to becoming a supervisor in the same facility. |
am a pilot with 1000+ hours of flight time.
1 year training developmentalsfi$S option
4 years training developmentals in En Route option
9 10 years evaluating developmentals in En Route option

-- some/part of above involved in manual and/or Dysim lab
-- Area Training Supervisor -- 2 years
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Appendix E

Participation Consent Form

January 28, 1997

, , agree to participate in the Video Tape

(print full name)
Performance Rating Project, which is being conducted January 28-February 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

confidential and used for research purposes only.

Signature
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Observer Code

Appendix F

Final Questionnaire

Date

A. Indicate the importance of the 6 performance areas to overall air traffic control performance
by selecting a weight score (between 0 and 100) for each area. Higher weights indicate more
important performance areas. Your overall performance rating for eachithbea w
multiplied by your indicated weight to compute a weighted overall performance score for
each scenario. The weights must sum to 100.

EXAMPLE:

20
20
20
20
10
10

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

PROVIDING CONTROL INFORMATION

TECHNICAL KNOWLEDGE

COMMUNICATING

100

YOUR SELECTIONS:

100

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

PROVIDING CONTROL INFORMATION

TECHNICAL KNOWLEDGE

COMMUNICATING
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FINAL QUESTIONNAIRE
(continued)
Videotape evaluations of controllers is a new methodology that has not been done in previous
research. In order to evaluate and improve this methodology, we would like your opinions
regarding the following questions.

1. As compared to viewing controllers "live", the radar display showed sufficient information for
me to make my evaluations.

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

2. The training period was sufficient for me to become familiar with the new evaluation form.

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

3. Please write down any recommendations you have for improving the video tape evaluations
methodology (e.g., training format, video tape presentation, etc.).
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4. Please list any other objective performance measures that should be collected to evaluate
controller effectiveness (e.g., aircraft flight time, aircraft fuel consumption).

5. Please discuss which aspects of the controller performance video 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 rate the professionalism and personal demeanor of the lab personnel involved in
conducting this study.

7. How can R&D help operations at your facility?
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Appendix G

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

Time Block Scheduled Activity
8:00 - 9:30 Orientation (EARL and PAUL)
Introductions, Background Questionnaire, and Lab Tour
9:30 - 9:45 15-Minute Break
9:45 - 10:45 Performance Measurement, Project Overview, and Previous Experiments (EARL and PAUL)
10:45 - 11:00 15-Minute Break
11:00 - 12:00 16 Personality Factor KI&Y)
12:00 - 1:00 Lunch Break
1:00 - 2:30 ZJX Sector (DAVE)
Layout and Procedures, Review of Synopsis, and 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)
3:45- 4:00 Summary and Question Period (EARL, PAUINNE, DAVE, and LAURIE)
Done for the Day
Hourly Schedule of Activities for Training Session Il, Day 1 (Day #3)
Time Block Scheduled Activity
8:00 - 9:00 Overview of Evaluation ForrdAVE and JENNY)
Purpose, Background Work, Performance Scales, and Design Features
9:00 - 9:15 15-Minute Break
9:15 - 10:15 Presentation of Practice RepR&VYE)
View “A” Scenario Segment, Review Sector and Procedures, and Use Evaluation Form
10:15 - 10:30  15-Minute Break
10:30 - 11:30  Group Discussion of EvaluatioBAYE and JENNY)
Discuss Performance Areas, Criteria Standards, and Scenario Ratings
11:30 - 12:30 Lunch Break
12:30 - 1:30  Presentation of Practice RepR&VE)
View “B” Scenario Segment, Review Sector and Procedures, and Use Evaluation Form
1:30 - 1:45 15-Minute Break
1:45 - 2:45 Group Discussion of EvaluatioDAYE and JENNY)
Discuss Performance Areas, Criteria Standards, and Scenario Ratings
2:45 - 3:00 15-Minute Break
3:00 - 4:00 Summary and Question PeriDAYE and JENNY)

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

Time Block Scheduled Activity

8:00 - 9:00 Presentation of Practice RepRVYE)

View “B” Scenario Segment, Review Sector and Procedures, and Use Evaluation Form
9:00- 9:15 15-Minute Break
9:15- 10:15 Group Discussion of EvaluatioB\VE and JENNY)

Discuss Performance Areas, Criteria Standards, and Scenario Ratings
10:15 - 10:30 15-Minute Break
10:30 - 12:00  Discussion of Generic En Route Sector (STAN and DAVE)

Layout and Procedures

12:00 - 1:00 Lunch Break
1:00 - 2:00 Presentation of Practice Rep4\(E)

View “A” Scenario Segment, Review Sector and Procedures, and Use Evaluation Form
2:00- 2:15 15-Minute Break
2:15- 3:15 Group Discussion of EvaluatioD&AYVE and JENNY)

Discuss Performance Areas, Criteria Standards, and Scenario Ratings
3:15- 3:30 15-Minute Break
3:30- 4:00 Summary and Question PerlAVE 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 Practice RepRVYE)

View “A” Scenario Segment, Review Sector and Procedures, and Use Evaluation Form
9:00- 9:15 15-Minute Break
9:15- 10:15 Group Discussion of EvaluatioB\VE and JENNY)

Discuss Performance Areas, Criteria Standards, and Scenario Ratings
10:15- 10:30  15-Minute Break
10:30 - 11:30  Discussion of Generic En Route Sector (STAN and DAVE)
11:30 - 1:00 Lunch Break
1:00 - 2:00 Presentation of Practice Repl2}YE)

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

Discuss Performance Areas, Criteria Standards, and Scenario Ratings
3:15- 3:30 15-Minute Break
3:30- 4:00 Summary and Question PeriDAYE, JENNY, and STAN)

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

(Days #6-#8)

Hourly Schedule of Activities for the Evaluation Day

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 - 9:50 Finish Evaluation Form 8:40 - 8:55  15-Minute Break
9:50- 10:05 15-Minute Break 8:55 - 9:55  View Replay
10:05 - 11:05 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 - 11:50 Finish Evaluation Form
1:30 - 1:50 Finish Evaluation Form 11:50 - 12:50 Lunch Break
1:50 - 2:05 15-Minute Break 12:50 - 1:50 View Replay
2:05- 3:05 View Replay 1:50 - 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 Ratings and Scenarios 3:25 - 345 Finish Evaluation Form
Done for the Day 3:45 - 4:00 Discussion of Ratings and Scenarios

Debriefing
Done for the Day
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Appendix H

Summary Sheet

| - MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. Maintaining Separation and Resolving Potential Conflicts........................ 1..2..3
* using control instructions that maintain safe aircraft separation
* detecting and resolving impending conflicts early
* recognizing the need for speed restrictions and wake turbulence separation

2. Sequencing Arrival and Departure Aircraft Efficiently............cccccceeeiinnnien. 1.2 3
« using efficient and orderly spacing techniques for arrival and departure
aircraft

* maintaining safe arrival and departure intervals that minimize delays

3. Using Control Instructions Effectively/Efficiently .............cccccooeiii 1.2 3
* providing accurate navigational assistance to pilots
* issuing economical clearances that result in need for few additional
instructions to handle aircraft completely
 ensuring clearances use minimum necessary flight path
changes

4. Overall Safe and Efficient Traffic Flow Scale Rating ...............cccceevvvvvinnnee. 1..2.3

Il - M AINTAINING ATTENTION AND SITUATION AWARENESS

5. Maintaining Awareness of Aircraft POSItiONS............ccccvvvviiiiiiiiiiiieee, 1..2.3
« avoiding fixation on one area of the radar scope when other areas need
attention

* using scanning patterns that monitor all aircraft on the radar scope

6. Ensuring PoSItive CONIOl..........uuueiiiiiiiieeciiiieiiii e 1..2..3
* tailoring control actions to situation
« using standard procedures for handling heavy, emergency, and unusual
traffic situations
* ensuring pilot adherence to issued clearances

7. Detecting Pilot Deviations from Control InStructions................ccevvvvvveennnnnn. 1.2.3

« ensuring that pilots follow assigned clearances correctly
« correcting pilot deviations in a timely manner
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8. Correcting Own Errors in a Timely Manner..............ovvveeiiniiiiieeeiiiiiiiieenns 1.2.3 4 56 7 8
* acting quickly to correct errors
 changing an issued clearance when necessary to expedite traffic flow

9. Overall Attention and Situation Awareness Scale Rating ..............ccc........ 1.2.3 4 5 6 7 8
Il - P RIORITIZING
10. Taking Actions in an Appropriate Order of Importance............ccccoeeeeeeeeen. 1.2.3 4 56 7 8
* resolving situations that need immediate attention before handling low
priority tasks

* issuing control instructions in a prioritized, structured, and timely manner

11. Preplanning Control ACHIONS .........ooviieeiiiiiiiiiii e 1.2.3 456 7 8
» scanning adjacent sectors to plan for future and conflicting traffic
« studying pending flight strips in bay

12. Handling Control Tasks for Several Aircraft.............cccccceeiiin 1.2.3 456 7 8
« shifting control tasks between several aircraft when necessary
» communicating in timely fashion while sharing time with other actions

13. Marking Flight Strips while Performing Other Tasks ...................ooeceiis 1.2.3 456 7 8
» marking flight strips accurately while talking or performing other tasks
* keeping flight strips current

14. Overall Prioritizing Scale Rating..........cccccvviiiiiiiiiiiiieeeee 1.2.3 456 7 8
IV - PROVIDING CONTROL INFORMATION

15. Providing Essential Air Traffic Control Information..................oeiiineies 1.2 3 4 5 6 7 8
« providing mandatory services and advisories to pilots in a timely manner
» exchanging essential information

16. Providing Additional Air Traffic Control Information ...........................cees 1.2 3 456 7 8
* providing additional services when workload is not a factor
» exchanging additional information

17. Overall Providing Control Information Scale Rating ............ccevvviviiiiiinnnn. 1.2.3 456 7 8
V - TECHNICAL KNOWLEDGE
18. Showing Knowledge of LOAS and SORS..........cuuuiiiiiiiiiiiiiiii 1.2 3456 7 8

« controlling traffic as depicted in curren®lAs and SOPs
« performing hand-off procedures correctly
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19. Showing Knowledge of Aircraft Capabilities and Limitations .........................
* using appropriate speed, vectoring, and/or altitude assignments to sdparate3
aircraft with varied flight capabilities
* issuing clearances that are within aircraft performance parameters

20. Overall Technical Knowledge Scale Rating ............coovvvviiiiiiiiiiiniieeeeeeeee, 1..2..3
VI — COMMUNICATING

21. Using Proper Phraseology..........coouuiiiiiiiiiiiiiieeeiiieeeiii e 1.2..3
« using words and phrases specified in the 7110.65
« using phraseology that is appropriate for the situation
* using minimum necessary verbiage
*speaking with confident, authoritative tone of voice

22. Communicating Clearly and Efficiently............ccccciiiiiiiii e 1..2.3
« speaking at the proper volume and rate for pilots to understand
* speaking fluently while scanning or performing other tasks
* ensuring clearance delivery is complete, correct and timely
* providing complete information in each clearance

23. Listening to Pilot Readbacks and ReqUESLS ..............coevvviiiiiiiiiiiieeeeeeeee, 1.2..3
« correcting pilot readback errors
 acknowledging pilot or other controller requests promptly
 processing requests correctly in a timely manner

24. Overall Communicating Scale Rating............uuuueeiiiiiiiiieeiiiieeeeiiinn 1..2.3
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Appendix |

Presentation Order of Scenarios

Day 1 Day 2 Day 3 Day 4
Controller | Scenario | Controller| Scenario | Controller| Scenario | Controller | Scenario
(condition) (condition) (condition) (condition)
1 1(A)* 5 5(B) 5 8(A) 4 4(BY
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}

* Condition A — Current ATC procedures
** Condition B — Current ATC procedures but direct routings included

& Repeated scenarios




Appendix J

System Effectiveness Measures

Abbreviation Description

NCNF Number of Conflicts
(less than 5 nm and 2,000 feet separation)
NALT Number of Altitude Assignments
NHDG Number of Heading Assignments
NSPD Number of Speed Assignments
NPTT Number of Ground-to-Air Transmissions
CMAV Cumulative Average of System Activity/Aircraft
Density
(number of aircraft within 8 nm of another
aircraft)
ATWIT Air Traffic Workload Input Technique Rating
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Appendix K
16PF Descriptive Statistics

Table K-1. Descriptive Statistics for Participant Scores on 16PF Global Factors

Factor Mean Standard Deviation
Extraversion 4.33 2.78
Anxiety 6.11 2.26
Tough-Mindedness 6.44 2.13
Independence 5.00 1.94
Self Control 5.44 2.07

Table K-2. Descriptive Statistics for Participant Scores on 16PF Basic Factors

Factor Mean Standard Deviation

Warmth 3.56 1.88
Reasoning 7.44 2.07
Emotional Stability 5.78 1.79
Dominance 5.11 1.96
Liveliness 5.33 2.00
Rule Conscious 5.78 1.72
Social Boldness 4.56 2.01
Sensitivity 4.44 1.51
Vigilance 5.56 1.13
Abstractness 5.56 2.07
Privateness 5.22 2.33
Apprehension 6.33 1.94
Openness to Change 5.33 1.87
Self Reliance 7.00 2.45
Perfectionism 4.56 2.13
Tension 6.11 2.42




Appendix L
Correlational Analysis Between Participant Ratings and Scores
on 16PF Global Factors

16PF GLOBAL FACTORS

RATING SCALES Extroversion| Anxiety Tough- Independencé Self
Mindedness Control
1. Maintaining Separation and Resolving Potential 17 -.22 -.07 13 -.16
Conflicts
2. Sequencing Arrival, Departure, and En Route Aircraft .48* -.24% -.38* .26* -.49*
Efficiently
3. Using Control Instructions Effectively/Efficiently .09 -.10 -.13 12 -.2)
4. Overall Safe and Efficient Traffic Flow Scale Rating .30* -.29* -.17 17 -.3p*
5. Maintaining Situational Awareness .32* -.22 -.14 27 -.30*
6. Ensuring Positive Control A41* -.29* -.32* 31* -.40%
7.  Detecting Pilot Deviations from Control Instructions 17 -.21 -.12 14 -.18
8. Correcting Errors in a Timely Manner .15 -.14 .04 -.04 -6
9.  Overall Attention and Situation Awareness Scale .39* -.31* -.23 31 -.38*
Rating
10. Taking Actions in an Appropriate Order of .08 -.04 -.22 A1 -.15
Importance
11. Preplanning Control Actions .22 -.06 -.44* 27 -.30T1
12. Handling Control Tasks for Several Aircraft .06 -.09 -.19 18 -6
14. Overall Prioritizing Scale Rating .20 -.14 -.33* 27* -.27F
15A. Providing Essential Air Traffic Control Information 44* -.21 -.34* .20 -.44*
15B. Providing Additional Air Traffic Control Information A44* -.21 -.25*% .16 -.36f
16. Providing Coordination .18 -.06 -.21 .02 -2
12. Overall Providing Control Information Scale Rating 43* -.23 -.28* 14 -.4B*
19A. Showing Knowledge of Aircraft Capabilities and .33 -.15 -.30 22 -.49*
Limitations
19B. Showing Effective Use of Equipment .29 -.14 -.11 .07 - 3L*
20. Overall Technical Knowledge Scale Rating 31* -.1p -.27 .16 -.41*
21. Using Proper Phraseology .24* -.16 -.22 17 -.2p*
22. Communicating Clearly and Efficiently .25*% -.22 -.23 .24* -3
23. Listening to Pilot Readbacks and Requests .33* -.4* -.29 .36% -.po*
24. Overall Communicating Scale Rating .32* -.24f -.25*% .26* -.3¢*
Overall Weighted Performance Score .33* -.29F -.19 .22 -.3p*

*=p<.05

Note: Items 13 and 18 are not shown here because participants did not rate controllers on them.
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Append

iX M

Correlational Analysis Between Participant Ratings and Scores on 16PF Basic Factors
16PF BASIC FACTORS

RATING SCALES Reasoning Rule | Vigilance | Openness$ Perfectionism| Tensiol
Conscious to
Change
1. Maintaining Separation and Resolving Potentjal -.06 -.18 -.09 .08 -.13 -.19
Conflicts
2. Sequencing Arrival, Departure, and En Routs 17 -.45% -.12 .34* -.42* -.22
Aircraft Efficiently
3. Using Control Instructions Effectively/ -.02 -.14 .05 A1 -.24* -11
Efficiently
4. Overall Safe and Efficient Traffic Flow Scale .01 -.29% -.13 19 -.26% -.20
Rating
5. Maintaining Situational Awareness -.13 -.22 .03 311 -.38* -.1B
6. Ensuring Positive Control .15 -.42* -.19 .30* -.31* -.20
7. Detecting Pilot Deviations from Control .00 -.20 -.07 .06 -.14 -.19
Instructions
8. Correcting Errors in a Timely Manner .00 -11 -.23 -.04 -.20 gL
9. Overall Attention and Situation 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 Control Actions .36* -.34* -.02 .22 -.13 -.08
12. Handling Control Tasks for Several Aircraft .13 -.17 -.03 .04 -.10 -.94
14. Overall Prioritizing Scale Rating .22 -.29* -.04 .26* -.18 -1p
15A. Providing Essential Air Traffic Control 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 -.01
17. Overall Providing Control Information Scale 12 -.42*% -.19 17 -.31* -.19
Rating
19A. Showing Knowledge of Aircraft Capabilities -.07 -.40* .01 .25 -.39*% -.09
and Limitations
19B. Showing Effective Use of Equipment -.07 -.25 -.12 .0 -.28 -.10
20. Overall Technical Knowledge Scale Rating .02 -.34f -.04 .09 -.30* -.98
21. Using Proper Phraseology 17 -.28% -.16 15 -.25% -.08
22. Communicate Clearly and Efficiently -.01 -.30* -.02 .23 -.26%* -2
23. Listening to Pilot Readbacks and Requests .07 -.2p* .Q AB* -.31 -.p4*
24. Overall Communicat. Scale Rating .04 -.33] -.09 267 -.33* -.19
Overall Weighted Performance Score .03 -.331 -.14 2] -.28* -.42

*=p<.05

Note: Items 13 and 18 are not shown here because participants did not rate controllers on them.
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