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EXECUTIVE SUMMARY

The Federa Aviation Administrdion is in themidst of dg@loying the Display System
Replacement (DS) to Air Route Traffic Control Centers (ARTCCs) nationwida.support of
this effort, the Wliam J. Hughes Technical Center National Airspacet®y Human Factors
Branch conducted a baseline simulation of en route air traffic control operationshesiD§R.
The simulation provided data for five operational constructs: S&efyacity Performance,
Workload, and Usdility and for asixth, non-opedtiond constru¢, Simuldion Hddity. These
constructs are the same as those used in the Plan View OBpIBY Baseline conducted in
1995.

The DR Baseine ako usedhe same airspace, faffic scenans, and combller paricipants as
the PVD Baseline. The simulation used four ¥ghingon ARTCC sectors and two traffic
scenams hatrepresered a 9¢" percentile day for treffic volume Six controllers who
paticipated in thePVD Basdine dso paticipated in thecurrent study Somedifferencesin
methodolog between the baselines included different simulation platforms, different
communication equipment, and different pseudopilots.

The DR Baseine ako usedhe same dat collecion and anaisis techngues ashite RV/D

Baseine. Human facbrs researchers deted obgcive daa from the ouput of the smulation
platform and the communicationsgsgm. We collected subjective data usingntroller and
expert observer questionnaired/e measured subjective controller workload udimg Air

Traffic Workload hput Technique We reduced the data usitige same methods as the PVD
Baseline whenever possibl&Ve report the data here at the overall, individual sector, and 12-
minuteinterval levels.

In addition to the DSR &eline data, this report presents a comparison of the DSR and PVD
Baselines. A seven-member Operational Review Tearamied the data from both baselines to
ensure validityand usefulnessThe team developed rationales for aifjerences found between
the baselines and conducted further asglywhen neededsome important differences were
moreddaa blodk positioning hdo initiations, d&a entries, axd dda entry errors in theDSR

Basdine and hidher workload raings in thePVD Basdine. Thereview team aso diminated

some data based on valididgncerns and made recommendations for impraiadgaseline
proaess. Somereasons for éimination were differences in thesimuldion plaform, differencesin

the procedures, and differences in the data reduction andianaly

The review teamanerated recommendations for the DSR paiog The team recommended
further research and possiblemprovements to DSR di block readability, flight strip bgs,
keyboards, and vector-line control$heyalso gnerated recommendations for improvihg
baseline process includimgcreasingconfiguration managment, usingsideby-side comparisons
of systems, and usig scenalvs hatare nore conplex.



1. Introduction

In January1999, the Ederal Aviation Administration (KA) formally dedicated the Display
System Replacement (DSR) at Seattle Air Route Traffic Control Center (ARTUO®)DSR
progam is part of a laegy effort to modernie the FAA en route Air Traffic Gntrol (ATC)
system and will be operational in all ARTCCs égrly2000. The DSR replaces the Plan View
Display (PVD) that hd been used for data displagd entrysince the 1970sThe DSR will
improvesystan rdiability and mantainability and will provide capecity for futureen route
enhancements such as improved weather information and conflict prahel(896).

1.1 Backgound

As part of its test and evaluation activities, tWAFsponsored human performance baseline
simulations for the PVD and the DSRhe PVD Baseline was compted in 1995, and the
results ae reportad in thePlan View Display Baseline Research RegGalushka, Federick,
Mogford, & Krois, 1995). For this orignal study a suite of metrics that quantified the
operational efficiencyand effectiveness of en route ATG&ms was developedhose baseline
metrics were applied to the PVD in a realistic human-in-the loop simulation at the William J
Hughes Techraal Center ushg Washington ARTCC (ZDC) airspace andraffic scenans. In
1997, human factors researchers from the National Airspaster Human Factors Branch
(ACT-530) applied the same baseline metrics to the DSR danather human-in-the-loop
simulation. We followed the PVD Bseline methodologas closelyas possible and used the
sane airspace, riaffic scenans, dah collecion and anaisis techngues, and @ny of the sare
controller participantsThe data collected in the omgl studyform one half of the comparison
reported here.

1.2 Purpose
The purpose of this report is fourfold:

a. It presents daa collected duringthe DSR Basdine usingthe suiteof mdrics
developed for the PVD &eline. We collected these data durihgman-in-the-loop
simulations of en route operations with controllers uimegDSR. These data
guantfy the operabnal efficiencyand effedtveness oftte DIR.

b. It presents a comparison of the DS&@&ine data to data collected durihg PVD
Baseine. The researchers and setjmatter expers (SMEs) revewed he
comparison for validityand usefulnessThis represents the first comparison of
objective and subjective data collected for the PVD and DSR under equivalent,
realistic simuldion conditions.

c. It presents recommendations for the DSR mwgabout research that should be
conducted into particular aspects of the DSRe recommended research nhegd to
future DSR uprpdes and improvements.

d. It presents recommendations for how the baseline process can be improved.



2. Operational Constructs anc&line Metrics

In 1995, Air Traffic Requirements (now part of the Air Traffis&mn Requirements Service
[ARS)) identified five hidn-level operational constructs upon which to base evaluations of the
efficiencyand effedtveness of ATGystems: Safety, Capacty, Performance, Wrkload, and
Usability. For thePVD Basdine, engineering research psychologsts, en routeAir Traffic

Control Specialists (ATCSs), and other ATC automation, trajrind managnent SMEs added

a sixh construct, Simulation Fidelityo measure the realism and accuraicpaseline

simulations. For each oflte constucts, they devebped severadbaselne netrics for whch

objective and subjective data could be obtaireéat. more information about this process, see the
Plan View Display Baseline Research ReffGalushka et al., 1995).

In the current stugyve collected data for the DSR followitige orignal constructs We defined
the construds & follows:

a. Sdfety represerstithe exent to which the systemallows arcraft to traverse a sei@n of
airspace without a daegpus incident such as a violation of applicable separation
minima

b. Capacityrepresents the amount of traffic that thetegn allows to safelgind efficiently
traverse a section of airspace durangeriod of time.

c. Performancerepresents the amount and quatityuser interaction with the siem.

d. Workloadrepresents thecognitive and physical task denands of thesystem as
experienced byts users.

e. Usaility represents how easiharticular aspects of thestgm such as controls and
displays can be learned and used for their intended purpose.

f. Simuldion Fiddity represergcharacgristics of he taffic scenans and #&borabry
environment and simulation participant opinions about the realism and acotithey
simulation.

As partof the preparavns for he DR Baseine, we re-evalaied each rdric to deermine s
applicability to theDSR. When appropride, we modified thedaa collection techniqueor
eliminated the metricComplete descriptions of these metrics can be found iAithEraffic
Control System Baseline Methodology Guilkendoerfer &Galushka, 1999)We collected
data for thefollowing metrics:

a. Sdfety

1. Operational ErrorsThis measure represents the total number of violations of
applicable sgparation minima

2. Conflict Alerts. This measure represents the total number of wasmisged to
controllers about imminent separation violatioifiese warningare issued bthe
Host Computer System (HCS) according to FAA algorithms.

3. HaoInitiations This measure represents thetotd numbe of times acontroller
initiated the displayf the halo (also known as thdring).




4.

5.

Data Bock Positioning This measure represents thetotd numbe of times a
controller changed leader-line lengths and leader-line directions to mantain daa
blodck readability.

Other Sfety-Critical Issues This measure represents SME observations of safety
related issues and defiencies.

b. Capacity

1.

2.

Aircraft Under Contral This measure represents the total number of aircraft
receving ATC servces froma contoller.

Time in Sectar This mesure represents theaverage time aircraft spend in a
particular sector.

c. Performance

1.

Oveadll Data Entries. This measure represents the number of data entries made by
controller usinghe keyoard and/or trackball across all data etypes.

. Specific Data Entr{ffypes This measure represents the number of data entries made

by a controller usinghe keyoard and trackball for specific data ertyyes.

Data EntryErrors This measure represents the total number of data emary
messaes rdaurnal bythe HCS.

Numbe of Altitude, Speed, and Heading Changes. This measure represents thetotd
numbe of controller-initiated dtitude, sped, and heding changes male by simulaed
aircraft.

Sdf-Assessments ofdPformance This measure represessgubpcive perfornance
ratings gven bya controller participant at the end of a simulation reatings range
from 1 (low) to 8 (hidp). The measure comprises two submeasures:

a) Qudity of ATC sevices from acontroller point of viev
b) Qudity of ATC sevices from apilot point of viav

Observer Assessments of Performantieis measure represents rasmg participant
performance during simulation run made lmne or more SME observerRatings
range from1 (LeastEffective) b 8 (MostEffectve). The measure comrises st
submeasures with three to five ratsgples eachln past baselines, we have reported
datafor only the overdlitems for each submasure.These tems are as fdbws:

a) Maintaining Sde and Efficient Trdfic Flow

b) Maintaining Attention and Situdion Awareness
¢) Prioritizing

d) ProvidingControl hformation

e) Technical Knowledg

f) Communi@ting



d. Workload

1.

Air Traffic Workload hput Technique (ATWI') Workload This measure represent
the subjective workload raings given by the paticipants duringa speific time
interval. Ratings range from 1 (low) to 7 (hig).

Post-Run Wrkload This measure represents subjective workload ratjvgn by
the controller participants at the end of the simulation Ratings range from 1
(low) to 8 (hidh).

Communication TaskloadThis measure represents the total number of controller-
initiated push-to-talk (PTT) airrgund communications (i.e., communications
between a controller and the pseudopilots workiatjic in his or her sector).

Coordination TaskloadThis measure represents the total number of controller-
initiated PTT gound-gound communications (i.e., communications between a
controller and controllers working other sectors orrpst sectors).

e. Usaility

We based this construct on controller responses onitfa Questionnaire, Section A.
Ratings range from 1 (low) to 8 (hig). The construct includes the following
guestionnaire items:

f.

© © N o g bk w NP

Flight Progress &ip Access

Flight Progess Strip Read/Mark

Ease of Access of Controls

Opeaation of Controls mtuitive

Keyboard Ease of Use

Radar and Map DisplayEase of Reading

Radar and Map Displayease of Understanding
Workstation Space

Equipment, Display; and Controls Support Efficient ATC

10. Equipment, Display and Controlsrpose limitations

11. Equipment, Display and Controls Overall Effectiveness
Simuldion Fiddity

1.

Traffic Scenaro Characeristics. This measure represents important features of the
traffic scenarios used in the simulation and consists of several submedhegare

a) length of each scenanj
b) total number of arrivals,
c) total number of departures,

d) total number of overflifgts,



e) total number of propeller aircraft, and
f) total number of jet aircraft.

2. Redlism Raing. This measure represents thepeaceived redlism and fiddity of the
simulation run as rated laycontroller participantRating range from 1 (Not Very
Redlistic) to 7 (Exremdy Redlistic).

3. Impact of Technical Problems Ratinghis measure represesihe perceied mpact
of technical problems on thepaticipants’ aility to control tréffic duringthe
simulation run.Ratings range from 1 (Not VeryMuch) to 8 (A Great Deal).

4. Impact of Pseudopilots Ratind his measure represents the perceived impact of the
pseudopilots on the participants’ abilitycontrol traffic duringhe simulation run.
Ratings range from 1 (Not VeryMuch) to 8 (A Great Deal).

5. Scenaio Difficulty Raing. This measure represents the perceived difficoflthe
traffic seenario as rated by paticipants. Ratings range from 1 (Not Vey Diffic ult) to
8 (ExtremelyDifficult).

3. Method

To make valid comparisons, data must be collected under equivalent conditions apetanaly
usingequivalent methodd-or the DSR Bseline, we adapted the PVIxdline methodologto
the DSR pldaform and to theimproved simuldion capabilities & the Technica Center. We useal
the sare airspace, riaffic scenans, and rany of the sane contollers and observerslo the
extent possible, we used the same data collection instrumentssisut@dys, and reportingtyle.
In the followingsections, we describe the DSBsBline methodologand note angifferences
from the PVD Bseline. The gneral baseline methodolpgan be found in thair Traffic
Control System Baseline Methodology Guiélkendoerfer &Galushka, 1999).

3.1 Personnel

3.1.1 ATCS Participants

Ten Full Rrformance level (FARL) ATCSs from ZDC served as participant§ix had served
previously as paticipants in thePVD Basdine. All participants wee current and certified on the
ZDC setors used in thebasdine. At thetime of thebasdine, thepaticipants hal dready
complded aDSR traning courseat the FAA Display Development Facility and hal just
completed 2 weeks of the DSR Operational Test and EvaluationEDT&able 1 presents
demogaphic information about the participants collected on thekBound Questionnaire
(AppendixA).



Table 1. Backgound Questionnaire Data

Questimnaireltem Result

(where applicable, ratigs are onl-8 scale)

Age M =34.6,SD=4.14

Years eperierce cotrolling traffic M=12.3,SD=5.10

Months in the lastgar activelycontralling traffic | M = 12.0,SD= 0.00

Hours experierce with the DSR M =22.8,SD=12.80
Current psition All FPL

Domain with most experierce All enroue

Corrective lerses Five wore correctie lerses
Currert state othealth M=7.3,SD=1.06
Current skill as an ACS M=7.4,SD=0.70

Level of experierce with persoml conputers M =5.6,SD=1.58

Level of satishction with the DSR M=3.6,SD=1.17

3.1.2 Subject Matter Epert Observers

Two supevisory-level ATCSs from DC seved as SME Obsevers in theDSR Basdine. One
had served previoushs an SME Observer in the PV22line.

3.2 Facilities, Equipment, and Materials

3.2.1 DisplaySystem Replacementahoratory

We conducted the DSR&eline in the DSR &boratoryat the Technical CenteruBding 316.
The controllers staffed two sectors consistfigne radar (R) and one data (D) position each.
Assistant (A) positions for each sector were also available but were not staffeld R position
included a Sony0-inch by20-inch Main DisplayMonitor, an R-position kdyoard, a three-
button trackball, and two Voice Switchil@pntrol Sgtem (VSCS) panel€=ach D position
included a 15-inch color monitor showittye D position Computer Readout Disp(8RD), a
D-position keypoard, two VSCS panels, and severahfligtrip bag. Flight strip bag on the A
positions were also available for use.

The DSR Bseline used the VSCS rather than the Amecastesy for air-gound and gpund-
ground communicationsAt the time of the PVD Bseline, the VSCS had not been deplbyo
the field. However, in the interim between baselines, the VSCS was dehlagd all the
paticipants hal extensivetraining and experience with it by thetime of theDSR Basdine. In
addition, the DSR was emmgered to operate in conjunction omlith the VSCS and not with the
legacyvoice switch sgtems. Though this difference in voice switch equipment does make it
moredifficult to compae the PVD and DSR Esdines, we bdieve tha usingthe VSCS in the
DSR Basdine was neessay to preserve reaism and externd vdidity.



One dnost sector was located behind the operational secsaraulation support personnel

staffed the fost sector, which was responsible for handoffs and coordination with the simulated
sectors. Theghost setor played therole of dl sectors and fecilities not stéfed bythe

participants.

3.2.2 Tarcget Generation &cility

The DSR Bseline used the TaetyGeneration &cility (TGF) for scenario gneration. The TGF
provided a realistic simulation ofDC traffic includingcomplexaircraft and pilot behavior.
Professional pseudopilots p&ythe role of pilots in the scenaridhe pseudopilots
communi@ted with thecontrollers viathe VSCS ad issué commands to thesimulaed arcraft
when ckared bythe contollers.

The DSR Basdine usal theTGF rather than theHCS Dynamic Simulaion (DY SIM) capability

for scenario gneration. In the PVD Bseline, DC controllers filled the pseudopilot andagt
sector roles when not serviag studyparticipants.That technique can be beneficial in that
controllers are knowled@ble about aircraft behavior and can provide realistic, adaptive
communi@tions. However, tha techniqueadso @n reduce therepeatability of simuldions

because controller-pseudopilots sometimes ati@y aircraft routes and behavior at their
discretion. Professional pseudopilots will not take such discretioaatiypns unless required by
the simulation methodolgg Because the TGF provided superior scenario realism and because
al other DSR OT&E ativities usel theTGF, weusal theTGFin theDSR Basdine.

3.2.3 Washingon ARTCC Airspace

The DSR Basdine simulaed theZDC setors usd in thePVD Basdine. Desaiptions of the
secors atZDC are Isted bebw, and anydifferences beteen he actial and smulated secbrs are
noted.

a. Sector 26, known as Sampson, is a low-altitude sector responsible for altitudes
between 11,000 ft to 23,000 feampson borderadksonville ARTCC and is
conpletely bordered benelatby terminal airspace.Controllers staffing Sampson
interface with the followingpproach control facilities: Fetyeville, Raleign-Durham,
Seymour bhnson, Wilmingpn, and Patwent River. A large portion of the traffic in
this sector are RaldigDurham hternational Airport (RDU) southbound departures.

b. Sector 27, known asiherty; is a low-altitude sector responsible for altitudes 11,000
ft to 23,000 ft. Libertyborders Atlanta ARTCC and interfaces with Greensboro,
Rdeigh-Durhan, and Fayetteville approach control fecilities. This se&tor handles
numerous traffic flows includin@DU westbound and northbound departures, RDU
arrivals from the southwest and south, Charlotte/asupternational Airport (CIL)
northbound and eastbound departures, ant &tivals from the east.ibertyalso
handles military traffic from PopeAir Force Base

c. Sector 35, known as Wilmingn, was combined with sector 09, known asdbix
duringthe DSR Bseline, as is often done in the fielfihis combined hig/ultra-hich
altitude sector is responsible for altitudes 24,000 ft and abbivis.combined sector



handles primarilyhorthbound and southbound traffic from airportsliorida, New
York, New Endand, and Pennbxania.

d. Sector 38, known as Tar River, is atlirgjtitude sector responsible for altitudes
24,000 ft and aboveTar River handles primarilgorthbound traffic, particularly
arrival flows for thethree mgor arports in theWashingon-Baltimore area. This
sector also transitions RDU departures to the south and east from theNRmnaky
and Sanpson setors to hidp dtitude straa. Othe mgor traffic flows ae from New
York, New Endand, and Pennbxania airports southbound.

3.2.4 Traffic Scenarios

The DR Baseine usedwo traffic scenans based orhke scenads usedn the P/D Baseine.
The first scenam used ag@jcentsecbrs 26 (bw) and 38 (hgh) and cordined 70 nm of traffic.
The second scenario used non-adjacent sectors 27 (low) and ®5afidgcontained 100 min of
traffic. In both senarios, thefirst 10 min wee excludad from thedaa to dlow the traffic
volumeto inaease to aredlistic level.

The orignal traffic scenarios were developed for D¥BlUsingSystem Analgis Reording
(SAR) flight data recorded atdC in September 1992The scenarios were recorded on 4 90
percentile day for traffic volume which webdieved a tha timeto besufficient to fundiondly
exercise he P/D. These scenars were vefied and rad bya ZDC SME and &sted in the
Technical Center laboratorieslnusual events such as eneergjes or operational errors were
purposéy removed from thesenaios to preerve repeatability of thesenarios and to foas the
baselines on routine ATC operations rather than on techniques for hgmaloigms.

Prior to the DSR OTé&, TGFpersonnel adapted the D¥W&Iscenarios to run on the TGF
simulation platform.This required some minor modifications to the scenarios, printarily
improve simulator performan@nd to eliminate inconsistencied/e believe that none of these
modifications had anynpact on the traffic seen lepntrollers duringhe simulation runsTGF
personnel thoroudy tested the TGWersions of the two scenarios prior to the DSR GT&

3.3 Data Collection Tools

We atempted to usethe sane daa collection tools &ad techniques in theDSR Basdine as in the
PVD Baseline. This included usinghe same questionnaires, data recoréigpgipment, and
analysis techniquesln some cases, usitige identical technique was not possible, and we
developed an equivalent technigua.the followingsubsections, we list all sources of objective
and subjective data for the DSRsline and describe axljfferences between the DSR and
PVD Baselines.

3.3.1 System Analgis Recording

We recorded HCSSAR tapes duringach simulation runThese tapes provided data for the
following metrics: opeationd errors, @nflict derts, hdo initiations, dda blodk positioning
aircraft under control, data entries, and data-esriyrs. We also recorded DSR SAR tapes
duringeach simulation run for use as a backup.



3.3.2 Aircraft Managment Progam

We recorded HC®\ircraft Managment Rogram (AMP) tapes duringgach simulation run.
These tapes providel dda for thefollowing merics: average time in sector, numbe of arivals,
number of departures, number of ovetiligy number of jet aircraft, and number of propeller
aircraft.

3.3.3 Tarcet Generation &cility Recording

The TGF sgtemaubmatically recorded pseuddpit acions durmg each snulation run onb
8-mm daatgpe These recordings provided dda for thenumbe of dtitude, sped, and hexding
changs.

3.3.4 Voice Switchingand Control Sstem

The VSCS recorded a lag the air-gound PTTs andrgund-gound PTTs.These recordirg
provided data for the communication taskload and coordination taskload metrics.

3.3.5 Video and Audiotapes

Three low-light video cameras recorded controller activities onto SupeVHS tgpe The cameras

were positioned above and behind the DSR consoles so that we could see both members of the
controller team.The cameras received audio input from wireless microphones wahne by
controllers and from the VSCShis provided audio recordis@f air-ground, gound-gound,

and non-radio communications (g.hen a controller spoke to the other member of the

controller team).

We also recorded audiapes usig the Legal Recorder sgtem of the VSCS. These #@pes
recorded onhair-ground and gpund-gound communicationsThe VSCS recordirgserved as
an audio feed for the videotapes and as a backup.

3.3.6 Questionnaires

We administered the followinguestionnaires duriniipe DSR Bseline (Appendid). When
possible, these questionnaires were identical to those used in thedB¥Ih& When a
guestionnaire item no loegapplied to the DSR, we revised or omitted the item.

a. The Backgound Questionnaireras ammpleed byal controllers bdore thefirst
simulation run.It collected demagphic information about the controllers such as their
age and eperience.

b. The Post-Scenario Questionnaivas conpleted after each run byhe contollers who
worked traffic duringhat run. It collected controller ratirggabout the run such as their
workload and performancd?lease note that the 8-point scale used on this version of the
guestionnaire differs from the 7-point scale presented in the Methgd@lade
(Allendoerfer &Galushka, 1999)We used the 8-point scale to be consistent with the
PVD Baseline. However, we recommend that future baselines use a 7-point scale to
provide consistencwith the ATWT workload rating.




c. The Observer Evahion Formwas conpleted after each run byhe SVIE observng that
run. It collected SME ratingand comments about controller performanchis
guestionnaire has been usedteesivelyat the Technical Center andpeximentally
validated (Sollenbegy, Stein, &Gromelski, 1997).

d. The Observer &g was completed bgn SME Observer when an unusual occurrence such
as an operational error occurred duranguin. SME Observers noted the time and
relevant facts about the occurrence so it could be reviewed later.

e. The Rnal Questionnairevas completed bgll controllers after the final simulation ruit.
collected controller ratirggand comments about usabiland user satisfaction with the
DSR. Where necessarywe changd the wordng of items to reflectdifferencesm
systerms. For exanple, we rephced “swiches” for he P/D Baselne with “on-screen
controls” for theDSR Basdine.

f. The ATWT Questionnairavas completed bgll controllers after the final runt
collected validation information about the ATWand ensured that controllers had made
their ATWIT ratings properly

3.3.7 Workload Assessment Kpgds

In the /D Baseine, contollers nade ATWIT ratings by typing a speal HCS enty when a
tone sounded in the control roorn the DSR Bseline, however, we administered the AW
usingfour Workload Assessment Kpgds (WAKS) positioned on the DSR consoleBhe
WAKSs provided an effiecentand accurawayto admnister the ATWIT and dd notrequre
hardware or software chagggto the DSR.

The WAKSs consisted of several numbered antitiegl keg and a tone enerator. The WAKs

were connected to alaptop ompute tha controlled thetiming of prompts ad recorded
responsesEvery4 min duringeach run, the WKs emitted beeps and illuminated theirlig.

This pronpted each pairtipantto make a sulgcive workload raing from 1 (low) to 7 (hgh) by
pressinghe appropriate keyThe R and D controllers made separate workload sating
Occasonaly, the SME Observers or ber paricipans neededd remind the paricipans to
respond.When the ratindnad been successfullyade (or 20 sec passed), thétggexinguished.
The rating were recorded on the laptop hard diSke WAKSs provided data for the ATW
Workload metric. We used the ATWT Questionnaire to ensure that controllers understood the
ratings theywere makingand the anchors of the ratiegale.

Though we administered the ATW differentlyin the baseline studies, the ratsxples and
timing of prompts wee identical. We bdieve tha theWAKSs providal afar moreefficient way

to collect and anaie workload ratingthan the orignal method, and our parigants found the
WAKSs easyto understand and us&/e believe that this difference in data collection technique
had no impact on the actual ratingven byour participants.

3.3.8 Pilot Test hstruments

Because contllers experienced wih the DR were avdable durngthe DR Baseine, we used
the opportunityto pilot test two data collection instrumentdeither of these instruments
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provided formal baseline data but mag/used in future studie3he first instrument, the
Keyboard Da& Recorder (KDR, recorded a kesjroke-bykeystroke log of each combller's daa
entries. The participants completed the second instrument, the DSBoay Questionnaire
(AppendixA), after the final run and durinrgubsequent DSR OTRweeks. This questionnaire
collected information about areas of concern with the DSRdaag.

3.4 Simulation Schedule and Procedure

On the Fridayprecedinghe first baseline run, we conducted an opebimgfing and informed

the controllers and observers of their responsibilities duhiaedpaseline The goup discussed
confidentialityand informed consent, the airspace and the traffic scenarios, operation of the
WAKS, and the simulation schedulParticipants were assigd to two-person teams and
assiged a participant numbefhe participants also completed thecRgound Questionnaire at
this briefing

Startingthe followingMonday we conducted four simulation runs each ftayn 1600 hrs until

0000 hrs.We alternated between the adjacent (sectors 26 and 38) and non-adjacent (sectors 27
and 35) scenarios each ruRour participants worked traffic durireach run, two servings R
contollers and wo serving as D conllers. Within each ¢am the paricipant alternaed

between the R and D positiond/e designed the simulation schedule so that no controller

staffed he sane postion in the sane secor more han once.However, an awmobile accdent
involving several of the participants forced us to revise the schedule somévitiagately,

every paticipant worked a least five runs with most picipants workingseven.

During each simulation run, the participants controlled traffic aswwayd at DC. The R
controllers communicated with aircraft, issued clearances, and provided separhagdD.
controllers marked strips, coordinated, and assisted the R controllers as neeelSME
Observers sat behind each sector, observed controller actions, and recondeasany
occurrencesithe Observer ag.

At 4-min intervals duringgach run, the WKs prompted for ATWT workload rating. The
participants made ratisdy pressinghe appropriate keyAfter each run, the participants
completed the Post-Scenario Questionnaire, and the SME Observers completed the Observer
Evaluation erm. All other data sources were recorded automatiadty required no action

from thepaticipants or theSME Obsevers.

After all runs were complete, we conducted a post-simulation briefibthis briefing the
participants completed therfal Questionnaire and the DSR Kewyrd QuestionnairéVe
encourgyed thepaticipants to disass the experiences in thesimuldion and with theDSR. We
incorporated mangf their comments about improvinige baseline process into the Methodglog
Guide(Allendoerfer &Galushka, 1999).

4. Results

Whenever possible, we used the identical data reduction andiaiBIR&A) tools and
procedures ahie P/D Baselne. However, becausé¢ DR Baseine used a fferent
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simulation platform, a different communications platform, and some different data collection
tools, some metrics required the development of new Data Reductioal§sis (DR&A)
procedures.in these cases, we developed the new procedures so thitlthegd the orignals.

We reduced the HCS SAR tapes usihg Data Analsis and Reduction Tool (DART) and the
AMP tapes usinghe Offline Aircraft Managment Progam. We further processed the output of
these tools to oamize the data and make it easier to interpiigtese tapes provided data for
most of the objective metricdVe reduced the questionnaire datanbgnuallyenteringthe
responses into a spreadshe&fter data entrywas complete, we thorohly reviewed the data.
We entered handwritten commaents into aword pro@ssor ad aited for spdling and gamma.

We reduced dda for thenumbe of dtitude, sped, and heding changes from 8 mm tpe using
DR&A routines developed e TGE We recorded ATWT workload rating directly into a
database fileThe VSCS software counted the number of aigd and gound-gound
communications electronically

AppendixB provides the complete DSRagkeline data.The format of this appendiiosely
follows the format used in the PVDageline. Data are reported at one or more levels of detail:

a. Overal Level: This level provides data ggegated across all intervals, sectors, and
runs. We report data from theifral Questionnaire onlgt this level because this
guestionnaire was administered oahce after all simulation runs were complete.
Datafor the taffic scenan charaatristics are notepored atthis level becausetiis
not meanngful to averag these datacross seots.

b. Sector level: This level provides information about individual sectorgragated
acrossmtervals and runsWe provide he neans and ahdard detions for each
sector. Note that sectors 26 and 38 used 60-min scenarios, whereas sectors 27 and 35
used 90 rm scenans. Because ofttis, metrics based orotals such ashe nunber of
data entries will usudly behigher in sectors 27 ad 35.

c. Interval Level: This level provides information about individual 12-min intervals
aggregated across runs.This level best demonstraes changes resulting from changes
in the taffic volume and comlexity. The means and anhdard dewtions for each
secbr and eachiterval are proviled. Note thatsecbrs 26 and 38 have btervals,
whereas sectors 27 and 35 have 7.

5. PVD and DSR Bseline Comparison

The main purpose for conductitige PVD and DSR &elines was to directigompare the
systems. In particular, we wished to assess the effects of the DSR on, sapagity
performance, workload, and usility. Thefollowing sections @mpae thedaafrom the
basdines and disass thamplications for theDSR.

Operational input is crucial to understandihg causes and implications of ahfferences
between sstems. To provide this input, we assembled an Operational Review Team consisting
of

a. engneeringresearch pshologsts who were involved in the data collection and
analysis,
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b. theNationd Air Traffic Controlles Assocation (NATCA) representaive to theDSR
OT&E and Baseline;

c. theFAA Air Traffic Supevisors Committe (SUPCOM) reresentaive to theDSR
OT&E and Baseline;

d. two FPL controllers from DC who had served as participants in both baselines; and

e. technical personnel from the TGHCS, PVD, and DSR facilities at the Technical
Center, as needed.

The goals of he eamwere

a. to compare the two s{ems alonghe five operational constructs and identify
differences,

b. to identify potential causes for thedifferences,

c. to assess themplications of thedifferences,

d. to identifyaspects of the DSR that merit further stadg improvement, and
e. torecommend wain which the baseline process could be improved.

We led the team througa briefingshowinggraphs comparinghe PVD and DSR &eline data.

We encouragd the team members to ask questions, discuss results, and request additional data
analyses. This was an iterative process that took ne2anyeeks to completelhe results of the

review are preseadl in the folowing sectons.

The gaphs usuallgompare the sgems at the sector level but, when appropriate and
informative, we provide gphs showinghe 12-minute interval levelThe team concluded that
methodologral differences between the baselines had invalidated the comparison for some
metrics. In these cases, the teanmesyl to eglude the metric from the comparison, and we
discuss the estusion rationale in the followingubsections.

5.1 Safety

5.1.1 Operational Errors

Oneopeationd error was initidly identified for theDSR Basdine usingautomded DR&A tools.
However, because no errors had been recordéueb§v E Observers hie eamreviewed vieo
and audiotapes of the error to determine whether it had resulted fremiaegcontroller

mistake or was an artifact of the simulatiorhe team concluded that the error resulted from a
pseudopilot mistake and r@gd that it was not aguine operational errorAs a result, the team
concluded that no operational errors occurred in either baseline.

However, thecontrollers on theteam bdieved tha thetraffic senarios usel in thebasdines were
not complexenoudn to show differences in the number of operational erfbheybased this
conclusion on their observations thahgine operational errors occurred durotber OT&E
activities whee a higher level of traffic volumeand complexity was usel. Theteam
recommended increasinige traffic volume in future baselines to stuaherational errors more
closel,.
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5.1.2 Conflict Alerts

The review team raised two concerns about this metric aredtp exlude it from the
comparison.First, despite the hignumber of alerts (more than one per run), the team members
did not remember this mamjerts occurring Theysuspected that most alerts resulted from the
techniques usel bythesimulaion plaforms to initide simulaed arcraft. For example, two

aircraft midht be created alreadly an alert or near-alert situatiomhoud the scenarios were
designed so that all aircraft were separatedh®/time theyeached the operational sectors, it is
possibletha conflict derts pesistal for several sweps. In this @se, theconflict dert was not
caused bynyaction or inaction by participant and should not be counted aanaige alert.
Unfortunatly, an effortto review each conitt alert from the videotipes and sepaeagenuine

alerts from spurious ones was not feasible dutiegreview.

Second, the controllers on the team questioned whether eweing conflict alerts would
provide information about safetyrheyexplained that some controllers “control bgnflict

alert” wherebytheyallow aircraft to flyat separations close endui activate the conflict alert
but not close enolgto cause an operational errdmese controllers, thesaid, use conflict alert
as a separain ool rather han as a warng. For hese reasond)¢ eamageed to eglude his
metric from thecompaison.

5.1.3 Halo Initiations

As shown in gure 1, in sectors 26, 27, and 35, the participants initiated the halo more
frequentlyin the DSR Bseline. In sector 38, the participants initiated the haldsljgmore in
the PVD Beseline. The team concluded that the differences shown here resulted from two
factors. First, the controllers on the review teanpkned that usinghe halo requires onky
sinde entryin the DSR, whereas two are required in the PWhis made the halo quicker,
easier, and more desirable to uSecond, the controllers pbained that the vector lines were
moredifficult to usein theDSR, @usingpaticipants to reluce thar useof thevector linesin
favor of the halo.Unfortunately no data about vector-line were recorded dutivegPVD
Baseline, so no anadig of this insidnt could be performedThe team concluded that this
difference in hdo usaje did not result from adifference in ability to sarate arcraft but raher
on a diference n the conputer-hunman interfaces (ElIs) of he sptens.
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Figure 1. Number of halo initiations for each sector, avehgcross runs.

5.1.4 Data Bock Positioning

As shown in gure 2, participants in evesector repositioned the data blocks more frequéamtly
the DSR Basdine than thePVD Basdine. Theteam conduded tha this difference resulted from
adifference in readability when daa blodks ovelap. Thecontrollers on thereview team
explained tha when two dda blocks ovelap on thePVD, theovelapping characters ae still
somewhatreadal® unless he chara@rs are ahostenirely overlapped. However, whenwo
data blocks overlap on the BSa much smaller amount of overlap is necessargnder the
characters unreadabl@he participants referred to this effect as “theeq blob.” It requires
controllers to beextravigilant in ther daa blodk positioningto mantain readability. The
contollers on he eambeleved t increasedheir workload butdid notreduce safgtbecause of
the low traffic conplexity of the scenads. The eamageed hatthe ncreasen dat block
positioningdid not result from dose arcraft proximity but raher from aproblem with theDSR
CHI. The team aged that this problem is serious enotig warrant further studgnd possible
improvement via the Pre-planned Produapiovement (B) process.
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Figure 2. Number of data block positioniragtions for each sector, aveedgacross runs.

5.1.5 Other SafetyCritical Issues

Thoudh no safetycritical issues were reported on the Obsenagslin either baseline, the SMEs
on the review team identified several aspects of the DSR that warrant furtherfStstiythey
were concerned about inceeal heads-down time requiredtbhg new DSR keyoards,
particularlyat the R positionSecond, the review team members were concerned about the
impact on safetpf increased data enteyrors, particularhat hich traffic volumes.Third, they
were concerned about the impact of data block overlap, particiddrigh-volume sectors
where arcraft are tightly packed and whee bang able to read dtitude information is especialy
important. Fourth, theywere concerned with the lethgand configration of flight strip bag at
the D position.The several short bayn the D position magequire the D controller to order,
organize, and purg strips more frequentlihan when usinthe two lon@r bay provided bythe
PVD console.

5.2 Capacity
5.2.1 Aircraft Under Control

As shown in Figres 3a througd, the number of aircraft under control dureagh 12-minute
interval varied onlslightly between baselinesn both baselines, the pmagsion of the traffic
scenam is refleced in the changhg nunber of arcraft under conl in eachmterval. Both
basdines show p#terns with vey similar shaes, demonstraing tha not onlydid thenumbe of
aircraft remain consént, the raffic patern ako renained consint. The eamageed hatthe
DSR did not affect the number of aircraft that could be controlled in these scenarios.
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Figure 3b. Number of aircraft under control for Sector 27, averhgcross runs.
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Figure 3c. Number of aircraft under control for Sector 35, avethgcross runs.
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5.2.2 Time in Sector

Thereview team un@vered two inonsistedes baween thebasdines tha affected this meric
and ageed to eklude it from the comparisorfirst, the DYSM and TGFsimulation platforms
used different aircraft performance models, so the same aircraftlimdy descend, and turn at
different rates on the two simulation platform&a difference did appear between thstegs
on this metric, it would not be possible to attribute it to ttetesy or the simulation platform.
Second, controller pseudopilots in the PVBs&ine mayhave adjusted the aircraft speeds
accordingto their own knowledg of aircraft capabilitiesTGF pseudopilots in the DSRageline
did not make discretionagpeed modificationsThe team aged that too mangonfounds
existed for this méric and decided not to int¢udeit in thecompaison:

5.3 Performance

5.3.1 Overall Data Entries

As shown in kgure 4a R @ntrollers male moredaa entries in theDSR Basdine than in the

PVD Baseline. The magitude of this difference varied lsgctor. The review team attributed

this difference to four factord-irst, data blocks are positioned via an HCS enfilye increased
need to keep data blocks separated (see Section 5.1.4) increased the overall number of data
entries made in the BBaseline.Second, an increase in data ergryors necessarikgesults in
more dah enties because evergcorrectenty requres subsequeme-enty of the orginal

messag. Because an increase in data-emmprs for the DR was also found (see&ion

5.3.2), the review team concluded that some of the increase in data entries was due to these
errors. Third, D controllers appeared to be less involved duttiegDSR Bseline (see Section
5.4), and R controllers mdave made entries normatytered byhe D controllers.Fourth,
because the halo is initiated via an HCS erntigontrollers shifted awafrom vector lines in

favor of the halo, more data entries would result in the DSR.

As shown in gure 4b, D controllers made more data entries in the P&42lBie than the DSR
Baseline in sectors 26, 27, and 35. sector 38, D controllers made about the same number of
entries in both baseline3he review team attributed this difference to reduced involvement of
the D controllers in the DSR&Beline (see Section 5.4) and the increased between-sector
coordination requirements in the PVd&line (see Section 5.4.4).

! This inconsgistency cals into question results reported in a canparison of the PVD Basgline to the Eurocontrol ODID IV experimental ATC
system (Keegan, XKiles, Krois, & Merkle, 1996; Kois & Marsden, 1997) In that sudy, theODID IV alowed aircraft in sector 26 to traverse the
sector in 1.4 min less tine than in thePVD Basdine. We recommend re-examining thar data toensure that Euocontrol usel equivalent aircraft
performancemodels to theDY SIM.

19



450 T

400 +

350 +

300 +

250 + HDSR
OPVD

200 +

Data Entries

150 +

100 +

26 27 35 38
Sector

Figure 4a. Number of dah enties made bythe Rcontollers for each seat, averagd across
runs.

450
400 +
350 +

300 +

250 + HDSR
OPVD

200 +

Data Entries

150 +
100 +

O 1 1 1 ]

26 27 35 38

Sector

Figure 4b. Number of data entries madehtry D controller for each sector, avexd@cross runs.
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5.3.2 Specific Data Entrfypes

Becausehere are ateast40 diferentHCS dat enty types, we compared ony the nostconmon
and important functionsWe discuss the important differences hebata entrytypes that are
not discussed did not show consistent or meduirtifferences between stems. Further
comparisons can be made usthg values listed in the appeneixof the PVD and DSR
Basdines.

5.3.2.1 FPand SR

In thePVD Basdine, thepaticipants male many FP (dlows theentry of flight plan daa) and SR
(outputs a flignt progess strip) entries, whereas the participants made almost none in the DSR
Baseline. This difference resulted from differences in the simulation platfolm®YSIM,

flight plans and accopanyng flight strips are noalways generaed aubmeaticaly and nust
frequenty be en¢red bythe contoller. In TGF, hese agbns are nohecessarpecause the
simulation platform correctlgreates the fligt plan, sends it to the HCS, and requests htflig
progess strip.As a result, these entries were not made in the D&RIiBe.

5.3.2.2 ON and QZ

The QN and Q4lata entrytypes are used to accept handoffs, initiate handoffs, force data blocks,
and change daa blodk positions. QZ is dso uséd to asig dtitudes. Thetwo fundions ae

largely redundant and interchasaple. If the controller presses the QN/QX¥one) Quick Action

Key (QAK), the entryis logged as a Qzntry. If the controller does not press the QAK and

instead me&kes an implied entry, theentry is logged as aQN entry. Paticipants in both badines

used the QN version of these functions much more frequibrathythe QZ4ersion. However,
controllers in thePVD Basdine made somavha moreQN entries in s&tors 27 ad mayy more

in sectors 35 and 38/ithout reviewingeach QN entryndividually, it is difficult to determine

why this ocurred. However, theteam suspeted tha this resulted from thesimuldion plaforms.

The DYSM required data blocks to be forced to thegt sector when the aircraft were handed
off. In sector 26, the aircraft were handed off to sector 38 and did not require a data block force.
This requirement did not est with the TGFE so these additional entries were not made.

5.3.2.3 QP

The QP data entrype is used for point outs, to request and suppress data blocks, to move lists,
and to activate the halds discussed in Section 5.1.3, controllers in the D&selhe used the
halo more ofen than n the P/D Baselne becauséhe vecbr-line functon was difi cult to use.
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5.3.3 Data EntryErrors

As shown in kgure 5a, R controllers made more data eatrgrs in the DSR &eline. The
controllers on the review team attributed this difference to several problenmesqtesienced
with the DSR kelgoards:

a.

In the R/D, the QAKSs are located on the consola.the DR, the QAKSs are located
on the top two rows of the kiegard. This places them in closer pimity to other
keys and tems placed onhe work surface such asgit strip holders and
documentation As a result, in the DS, participants often accidentallyessed
QAKSs, whereas theyery seldom accidentallgressed QAKSs in the\mD.

The QAKSs on the DR keyboard are oranized and labeled differentlhan the QAKs
on the PVD.As a result, participants sometimes pressed the w@a#ig or had to
spend more time locatirgnd identifyng the correct QAK.

The Clear keys located in the upper hgjcorner of the main képard goup where
the Backspace keis traditionallylocated on a standard PC kewrd. The Backspace
key is located next to theRight Shift key where the question mak is traditiondly
locakd. As a resul, when paiitipans meantto press Backspacdey often cleared
the entryby mistake and then unknowilygsent an incomplete entty the HCS.

The numeric kgyad includes a Space kiya location that is dissimilar to both a
standard computer kbgard and the PVD kégard. The participants reported that
theyoften accdengally pressedtis keywhile making numeric enties. This resuted
in incorrectenty syntax.

The zro keyon the DSR numeric kpgd is located between two other &eyhis is
dissimila from thePVD keyboad whee thezeo does not hae keys on ether side
The paricipant repored thattheyaccdentlly presseditese kegwhen tying to
press theero key. This resulted in incorrect entsyntax

The DSR kegrequire less force to press than the PVDskdyhe participants
reported that thefrequentlymade errors when theysed the amount of force to
which theywere accustomed and inadvertemqitgssed multiple kay This resulted
in incorrectenty syntax.

As shown in kgure 5b, D controllers in Sectors 26 and 27 made more dataeerdryg in the
PVD Baseline. In Sector 35, theynade about the same number of errors in both baselmes.
Sector 38, theynade more errors in the DSRd#line. This inconsistent pattern should be
compared to the consistent pattern found anmbadr controllers.The review team attributed
this variable pattern to theageral lack of involvement of the D controllers in the DS&Rdine
and to the relativelgmall number of data entgrrors made (around 15 per run).
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5.3.4 Number of Altitude, Speed, and Headi@bangs

The review team uncovered several inconsistencies between the baselines that affected this
metric. The team agped that these inconsistencies were serious értougarrant eglusion of

this metric from this comparisonVe do believe that the DSRaBeline values for this metric are
valid. If the TGFand the same analg techniques are used in a future baseline, the data
reported here can be validtpmpared.

First, at the time of the PVDd3eline, letters of Ageement (IOAS) in place at RC required
tha Rdeigh-Durhan Internaiond Airport (RDU) departures begiven an intaim dtitude of
10,000 ft before beingleared to a higer altitude. At the time of the DSR &eline, however,
this restriction had been lifted aDZ. This LOA chang was unknown to us prior to the DSR
Baseline, and we made no effort to ensure the participants operated underitia l00é\s. As
a result, participants in the DSRd#line controlled without the altitude restrictiohhis

resulted in fewer dtitude changes for RDU d@artures.

Second, IOAs did not allow aircraft at[ZC to exceed 250 knots below 10,000 Because the
DYSIM requires that simulated aircraft le@t full speed, the controller-pseudopilots had to
slow some aircraft to 250 knots and then cleghg speed to full speed when the aircraft reached
10,000 ft. The TGF however, can model more complaixcraft behavior, and the simulator

could follow this restriction automaticallyAs a result, the pseudopilots did not make speed
changps to slow down then speed up aircraftis resulted in two additional speed chesm

the P/D Baselne for everydepartire arcraft

Third, in the PVD Bseline, controllers staffed théast sector As a result, partipants used
standad opeating procedures to handoff dimbing aircraft, patticularly RDU departures. In the
DSR Baseline, however, thehgst sector was staffed Bymulation support staff who were
unfamiliar with ZDC LOAs and proceduredRarticipants could (and did, accorditmgthe
controllers on thereview team) climb arcraft out of ther sector a arate tha would violae ZDC
LOAs because thengst sector was not knowlegtgple enoug to refuse the handoffThis
resulted in fewer dtitude changes issud to these arcraft.

We bdieve tha the DSR Basdine vaues are vaid in and of thensdves. If the TGF, thesane
LOAs, and lhe same analsis techngues are used ia fuure basehe, he DR dat are sutiable
for other comparison.

These and other inconsistencies rabsp affect the conclusions that can be drawn from the
comparison of the PVD and ODIbaselines (Krois 8arsden, 1997; Skiles, Graham, Marsden,
& Krois, 1997). The three baselines used different simulation platforms, and these platforms
may differ in the amount of entries required from the pseudopilots to create realistic aircraft
behavior. For example, a simple simulator ntigrequire several separate headinghmands to
create a realistic holdingattern. More advanced simulators are able to create a hopuitigrn
with a sinde entry Because the number of pseudopilot entries is the basis for the number of
atitude, speed, and heding changes méric, thecauseof adifference for this meric is undear

when compared across different simulation platforinsuture studies where this metric must
be compared across simulation platforms, researchers should either use another method to
calculate the metric (e.,gcountingbased on audio records)gor develop a method for
conmpensaing for the diferences bateen phtforms.
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5.3.5 Self-Assessments of Performance

We collected this metric from two items on the Post-Scenario Questionnaire that asked
participants to rate the qualidf their ATC services durinthe simulation.As shown in gures
6aand b, paticipants rded thansdves similarly in both badines on the“"How wdl did you
control traffic duringthis problem?item. In one case, sector 26 for the D controllers, the
participants rded thansdves as controlling traffic better in theDSR Basdine than in thePVD
Basdine by morethan afull rating point. Dueto thesmdl sample sizein thePVD Basdine, one
unusuallylow ratingon one run was able to lower th@gp averag enoud) to show this
difference. The review team aged that the data for this metric show no operationally
meanngful difference bateen he sygtems.

As shown in kgures 7aand b, paticipants rded themsdves fairly similarly in both badines on
the “How good do wu think your air traffic control services were fronp#ot's point of view?
item. This iteam, however, paticularly for theD controllers, showd morevariability than the
previous item.In sector 26, D controllersage themselves higer rating in the DSR, whereas, in
sector 27, thegave themselves higr rating in the PVD. Some members of the review team
guestioned the utilitand validityof this metric because it asked participants to rate their
performance fromsoneone ese’s pont of view, a pdgment thatcontollers are noaccusbmed

to making If participants were uncomfortable or confusedh®yquestionnaire item, this may
help explain the inconsistent ratisg

5.3.6 Observer Assessments of Performance

Due b changs in the Observer Evahion Formbetveen he P/D Baselne andlie DR
Baseline, the Providing€ontrol hformation and Communicatingems on the form could not be
compared between baselinéhese chargp resulted from manyalidation activities conducted
by Sollenbergr, Stein, and Gromelski (1997) that improved the questionnaire in the interim
between thebasdines. Compaisons béween items thd remaned farly similar between
baselines are shown indares 8a and bln general, SME Observers rated participantdbigon
the VD Baselne han he DR Baseine. In everycase, ltis difference was one riaig point or
less. Because the differences were small and desiolgvious cause was not identified, the team
developed several rationales for these differenEast, even thoug the participants were
relatively experienced uses of theDSR, theg still had substatialy less experience with it than

the PV/D. Thislack of eyerience nay have reducederr performance sorawhatin the
judgment of the SME Observer&econd, one of the SME Observers cledrigetween the
baselines.lt is possible that the new observer hadnlyghigher criteria for his ratirgjand
tended to tye lower rating.
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Figure 6a.Ratings given byR controllers on the “How well didoy control traffic duringhis
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Figure 6b. Ratings gven byD controllers on the “How well didoy control traffic duringhis
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runs.
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working the D position, averagl across runs.
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5.4 Workload

In general, the paticipants rded thar workload as low to modeate on theATWIT and
Post-Scenario metricshis overall level was lower than we intended and lower than would be
expectd on a 9% pecentile day. Somepossiblesxplanations for this ae included in the

sections below.

5.4.1 ATWIT Workload

As shown in kgures 9a and b, participants in the DS&dine rated their workload as equal to
or somewhat lower than the PVad&eline. The largest difference, 1 ratingoint, occurred for

the R controllers in Sector 2@he team identified several rationales for these small differences
in workload.

a) Participants served as their own pseudopilots in the P&4elBie and mahave taken
more discretionargctions (e.g speed chamg) duringthe course of the simulation.
These discretionargctions mayave increased controller workload and cledrthe
nature of te taffic scenan such hatthe scenad seemed nore difi cult.

b) Due to different flignt strip print parameters, more strips were printed earlier in the PVD
Baseline simulation runs, increasitite perception of uegpcy and pendingraffic.
Though the actual number of planes in the two studies were identical, participants in the
PVD Baseline mayhave believed that more planes were on their avayadjusted their
workload raings as aresult.

c) As discussed in Section 5.3.4, son@As had changl since the PVD baseline, and the
participants handled RDU departures differeniiis chang in procedures malyave
reduced the number of actions required to control traffic.

d) The controller staffinghe dhost sector was not & controller and did not know when
it was appropriate to approve or reject a point out or handgaffa result, some
participants chose to stop makimgrbal coordination with thehgst sector thereby
eliminating tasks @soc¢ated with contecting theghost setor throudn theVSCS.

Data from the ATWT Questionnaire revealed that all participants understood thelAB¢éle
and weae making ratings appropridely. All participants reoorted tha they correctly made low
ratings when thar workload was low and high raings when thar workload was hich.

5.4.2 Post-Run VWrkload

As shown in kgures 10a and b, the participants rated their workload on the Post-Scenario
Questionnaire in a similar pattern to the ATMiWorkload rating. In general, participants rated
their workload bwer n the DR Baseine han he P/D Baselne. The revew ttamageed hat
tha this difference was dueto thefactors identified for theATWIT Workload R&ings.
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5.4.3 Communication Taskload

The review team uncovered an inconsistdmetyveen the baselines that warrantedwesion of

this metric from the comparisornn the PVD Bseline, manuallyeviewingaudiotapes and

videotapes and countiiT Ts byhand calculated the number of PTTs, whereas in the DSR
Baseline, the VES counted air-gpund A Ts automatically The VSCS counted a PT each

time the controllers activated their microphonklwever, in the PVD Bseline, if the

controllers activated their microphones but did not speak, notvodd have been recorded on

the audiotape and nd'®P would have been counte®ecause it was not feasible to review all the
communications in the DSRaBeline duringhe review period, this metric wasadxded from

this comparisonWe believe that the DSRd&eline values are valid and, if the VSCS and the

same analys techniques are used in future baselines, the data are suitable for other comparisons.

5.4.4 Coordination Taskload

The review team uncovered two inconsistencies between the baselines that warcnsgzhex
of this metric from the comparisorkirst, in the PVD Bseline, a DC controller staffed the
ghost sector. As a result, handoffs and point outs were approvedibtiigy would have been
approved in the fieldHowever, in the DSR &eline, a simulation support specialist unfamiliar
with ZDC LOAs and procedures staffed thHeogt sector.As a result, all handoffs and point outs
were approved, regdless of whether theyould have been in the fieldAs the simulation
continued, the participants stopped coordinatity the diost sector because thigyt it was
unnecessarySecond, gound-gound PTTs were counted bgnd in the PVD Bseline and
automaticallyby the VSCS in the DSRd&eline, as described in Section 5.4.3, which created an
inconsistencyetween baselines in what was included as a PTT and what ghadezk We
believe that the DSRd&eline values are valid and, if the VSCS and the samesani@ghniques
are used in future baselines, the data are suitable for other comparisons.

5.5 Usability

Figures 11a and b show ratsir several aspects of the DSR and PVD CHigeneral, the
paticipants raed thePVD morefavorably than theDSR. The only exception wes for theradar

and map displawhere participants found the DSR equalhsyto read and easier to understand
than the PVD.AppendixC provides the participants’ written responses to other items on the
DSR keyoard and fligpt strip bayg.

Thereview team conduded tha these differences in usdility ratings and ommaents resulted

from “negative ransfer” fromthe P/D. Neggative transfer § a perfornance drophatoccurs

when highly automaed skills on theold systan are mistekenly useal on thenew systam. For
example, on the ¥D, the QAKSs that controllers press to begata entries are located on the
console, beside the main radar displ@n the DSR, thegre located on the top two rows of the
keyboard. Because controllers use the QAKs continydhir use of these keyias become
cognitively and phgically automated.That is, theyuse the keyquickly and accurateliput
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devote venyittle attention to the actionwith the QAKs located on the DSR Kmard, however,
their automatic skills were disrupte@ontrollers automaticallgeached for the console instead
of the keyoard or were forced to make entries more slawlgteliberately Controllers were
aware of heir own perfornance. Theyrecogized hatthey were naking more errors and
working more slowly Theymayhave interpreted this as resultingm poor desig in the DSR
rather than their ingerience using. This probablyresulted in their neagjve ratings about
manyaspects of the DSR.

It will take agreat deal of experience (and not meely additiond training) with theDSR keg/boad
to me&ke thecontrollers’ skills automdic again. It would beinformaive to readministe the
Final Questionnaire to the DSRageline participants after théyave used the DSR in the field
for severa years. In tha case, thar skills would beautomadic again, and thecompaison to the
PVD would be more valid.

5.6 Simulation kdelity

5.6.1 Traffic Scenario Characteristics

The /D Baseine andlhe DR Baseine usedite same traffic scenans. However, becausée¢
baselines used different simulation platforms, the dataasabpls and techniques used to
determine arcraft characteristics differed. This resulted in invdid compaisons for the
arrival/departure/overfligt and jet/propeller measureBecause of this, angifferences found
between baselines on these measures could be artifacts of trsssanatiod. We believe that
the DSR Bseline values are valid and, if the T@#Rd the same analg technique are used in
future baselines, the data are suitable for other comparisons.

5.6.2 Realism Rating

As shown in kgures 12a and b, the participants rated the P¥&elhe scenarios as more
realistic, especially theD controllers. Theteam conduded tha this difference was manly dueto
problems with the lgost sector and reduced D controller involvement in the D&RIBe. As
discussed earlier, a non-controller who accepted all handoffs and point outs staffessthe g
sector in the DSR &eline. This reduced the D controllers’ involvement with the scenario
because thegtopped doindpetween-sector coordinatioin the field, coordination activities are
one of he D contoller’'s mostimportant duties. Becauselte D contollers percered hattheir
duties weae reduaed, they rated thesanarios & unrelistic.

5.6.3 Impact of Technical Problems Rating

As shown in kgures 13a and b, the participants rated the D&®IBe as having smaller
impact from technical problems than the PVBs@8line. In the DSR Bseline, 1 out of 13 runs
was interrupted btechnical problemsin the PVD Bseline, 1 out of 8 runs was interrupted.
The amageed hatthis contibuted b a percepbn anongthe paricipans thatthe Bborabry
environment in theDSR Basdine was morestale than thePVD Basdine.
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paticipants’ ability to control tréfic, as given by R controlles, areraged across runs. (1Mot
Much, 8=A GreaDea)
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Figure 13b. Average rating for the exent to which technical problems interfered with the
paticipants’ aility to aontrol trdfic, as given by D controllers, averaged across runs. (1Not
Much, 8=A GreaDea)
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5.6.4 Impact of Pseudopilots’ Rating

The Post-Scenario Questionnaire in the P\d@diine did not include this questionnaire item, so
no compaison is possible However, thepaticipants in theDSR Basdine gave low raings on

this item, indicatinghat problems associated with the pseudopilots were relatiiatyr and

had little effect on ther ability to control trdfic.

5.6.5 Scenario DifficultyRating

As shown in gures 14a and b, the participants rated the scenarios as more difficult in the PVD
Baseine han n the DR Baseine. Becauselte tvo baseahes usedhe sane traffic scenaos, t

is difficult to develop an gdanation for this resultThe team concluded that the reduced
involvement of the D controllers and the differentlitigtrip parameters contributed to this
difference. In addition, traffic levels rise eaclear. It is possible that what was considered busy
in 1992 when the data were anglly collected was no lomgg considered budyy the controllers

in 1997.

6. Recommendations for the DSR

6.1 OverlappingData Bocks

Overlappingdata blocks were more difficult to read in the DSR than in the PMi2. data show

that the controllers usintpe DSR Bseline made more data block positionergries than

controllers usingthe PVD Basdine. This is aworkload issueand @muld beeomea sdety issueif

critical information on the data blocks becomes obscured or too difficult to Asamiaffic
volumeincreases, moredaa blodks will overlap, and thereadability problem will increase. We
recommend that the Air Traffic DSR Evolution Team (ATDET) pursue several lines of action to
address this problem.

First, gaphical techniques known as anti-aliash&ye been developed in receatys to make
on-screen charaats nore readald, espeally atsmall charaotr sees. These échngues use
sophisticated manipulations of the character color to make curves appear smooth, to remove a
pixeled appearance, and to create the illusion that theatbarsa continuous objectWe

recommend tha the ATDET examine anti-aliasing techniques to déermineif they are suiteble

for characters on raa displays and if they improvereadability when dda blodks ovelap.

Second, in the past, thd A has implemated functions to automaticaligposition overlapping
data blodks to improvedaa blodk readability. Each time however, thecontrollers generaly
rejected these functions because the functions did not match how controllers aswidihya
blocks in the field.First, controllers do not like elements of their radar distl@aghang
without an eplicit action. When a data block moves automaticaiiynaydistract the controller
or unnecessarilgraw attention from other information on the displ®gcond, controllers use
data block positions to help them sort aircraft into caieg and help them remember when
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across runs. (1=Not Vemifficult, 8=ExtremelyDifficult)

actons have been cqiteted. For exanple, sone contollers place he daa blocks for al
northbound traffic to the rig of the targt and all southbound traffic to theft of the targt.
This helps keep the data blocks separated but also serves as a midrasrio where
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aircraftare headedln anoher exanple, contollers can erdr “/O” to indicak thatthey have old

the aircraft to contact the niesector bychangng the data block position and leader line kbng
This acion reduceshe kaderilne length to zero and pogions the daa block drecly adjacentto

the tar@t. This reminds the controller that he or she has finished operations with that aircraft.
Data block anti-overlap functions do not take this use of data blocks into acéasuatesult, a
controller mayposition a data block to convayspecific meanindut the anti-overlap function
moves the data block and breaks the controller's meaidry

We recommend that the ATDET and the appropriate Air Traffic Plans and Procedures (ATP)
organizations develop new data block anti-overlap functions that meet the needs of controllers.
We also recommend that some of the concepts developEdrogontrol for their ODD system

be considered (Eurocontrol, 1999 addition, we recommend that the ATDEDgp explore
techniques other than data block position to code aircfak. information contained in data
blocks is crucial for safe ATC and should not be obscunedhe PVD, no other options for
codingwere available. TheDSR, howeer, has many new capabilities, sut as usingdifferent

colors, that maye as god or better than data block position for codangraft. If techniques

other than data block position can be used to oatsgaircraft, anti-overlap functions mag

more widely acceped bythe contollers.

6.2 Flight Strip Bays

The DR flight strip bays receved much lower ratngs than he R/D flight strip bays and nany
necgtive comments. The DR bays were ragd as difi cult to access and asaking the stips hard
to read and markln particular, the participants’ comments #agt the strip bagwere difficult
to reach from the R position and that the sloped 22-striprhagle it difficult to write on the
strips at the bottom of the bay

We recommend that the DSR ftigstrip bag be examined from a formal eampomics

perspedte. Thiswould ensurehatseaéd reach ditance gidelines are r@ and woudl provide
specfic reconmendatons for mprovenents, if necessaryGuidelines for reach diances can be
found in the AA Human Factors Design Guide for Acquisition of Commercial-of-the-Shelf,
Non-Developmental Items, and Developmental Sygtéfagier, Brt, Snyder, & Duncanson,
1996). We also recommend that the Isdye examined aginst reach distance requirements of the
Americans with Disability Act Accessibility Guidelir{@schitectural and Transportation

Barriers Compliance Bard, 1994) to ensure that disabled personnel are able to complete their
strip-rdated tesks dfectively.

6.3 Kevyboard

The DSR ussethesane HCS softwae as the PVD and mantains thesane daa entry formas and
syntax However, the hardware used to make data entries in the stansyis substantially
different and resulted in an increase in data esriryrs in the DSR &eline (see Section 5.3.3).
This increase in data enteyrors contributed to an overall increase in the number of data entries
in the DR Baselne because eachdorrectenty mustbe re-ergred corredy.

This inaease in daa entry errors wa mostlydueto paticipants’ inexperience usingthe DSR
keyboad. As thar experience with theDSR ke/boad grows, most of thee daa entry errors will
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disgpear. Again, inaeased experience and not meely additiond training will reduce the

number of data entrgrrors. The controllers need moregarience with the kdyoard rather than
more training During the transition from PVD to DSR, then, we recommend that the number of
D controllers be increasedhese controllers can make masfithe routine data entries and can
offload data entryvorkload from the R controllerdn addition, the D position is kbgard

intensive which will give controllers moreexperience usingthe DSR ke/boad.

In one case, however, we recommend that the ATDET re-evaluate the O&Rrkiegesig.

Many controllers use PCs at home or in other non-ATC activities at the ARTGEbackspace
keyis located in the upper hjof everyPC keypoard manufactured for the North American
maket. Even with experience usingthe DSR ke/boad, controllers ae still likely to press

CLEAR when they intend to preés BACKSPACE. Experience with theDSR ke/boad will

reduce this problem, but it is unlikely completelyeliminate it because of the pervasiveness of
the traditional PC kdyoard desig.

Many of thepaticipants mationed the“sensitivity” of theDSR ke&/boad as a causeof many

data entry errors. The sensitivity they mention is theresult of thekey travel (thedistance akey
must be moved downward before it is activated) and thédteg (the amount of pressure that
must be egrted on the keto activate it). We recommend that the ATDET conduct formal
evaluations of the DSR keyo ensure that thepllow the applicable ANS$tandards (American
National Standardsstitute/Human &ctors Societyl988) for keytravel and keyorce. If they
do not, we recommend that future ugpgdes to the DSR incorporate chesitp the kelyoard to
decrease thekeyboad sensitivity and theresulting daa entry errors.

6.4 Vector Lines

Vector lines show whee theaircraft will be in thenext 0, 1, 2, 4, or 8 min if tharcraft
continues at the same speed and headantrollers tpically work traffic with the vector lines
setto 0-2 mn. When ssung a new atarance, conllers often increaselte vecbr-line length to
8 min & aquick way to ensurethat it will not lead to s@aration violations in thenear future
Usingthe R/D, controllers accomplish this symply turningthe knob all the wato the ridnt,
looking quickly at the radarscope, and then returrimgknob to its origal position. Usingthe
DSR, however, controllers must move the cursor to the Digpdangrols and Status View and
position the cursor over the VECTOR pick ar@#en, the controllers must press the ENTER
trackbal several times to incease thelength to 4 or 8 min ad then press thePICK trackbal
button seeral times to derease thelength to its orignal vaue.

Because the PVD uses a mechanical knob, no quantitative data could be collected about how
frequentlyor quicklycontrollers adjust the vector lineslowever, based on the review team'’s
feedback and thequantitative daa tha show inceased useof thehdo in theDSR Basdine, we
believe that controllers in the DSRd®line found the DSR vector-line function to be slower and
more awkward than the PVD functioAs a result, the participants reduced their use of the
vector line and used the halo inste&tbwever, the halo does not provide the same information
as the vector linesThe halo shows a 5-nmi circle around the present position of an air¢raft.
does not show whee theaircraft will be in thefutureand doe not dow the controller adjust the
diameter of thecircle. Futuresystems sut as thelnitial Conflict Probewill provide mud beter
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predictions of future aircraft positions than the vector lindswever, until those technolmg
are implemented, thevector lines will remain an important tool.

The ATDET has recagzed he probemwith the vecor lines and has ade a Gl chang to
address it since the DSR OE& If a controller presses the hignost trackball button (HOME),
the Display Controls ad Staus Vien (DCSV) will open and thecursor will bepositionel over
the VECTOR pik area automaically. This cdhange diminates theneed for thecontroller to open
the DCSV, locate the proper pick area, and then cargfa8ition the cursor over itHowever,
the controller must still incease and deerease the length usingmultiple presses of thetrackbdl
buttons. This CHI change does improvethe usaility of thefundion but dos not omplaely
resolvetheissue We recommend tha theDSR ATDET ontinueto monitor this issuend
develop prototye CHIdesigis as necessary

The DSR uses software controls for the disfilmgctions; therefore, collectinguantitative data
about these functions is now viabM/e recommend that baseline data be collected for each
displayfunction to giide future changs and improvements to the DSR CHI

7. Recommendations for the Process

Besides reviewinghe comparison data, the review team also developed several
recommendations for future human-performance baseline compariBoese recommendations
attempt to address the consistenog validityproblems encountered in this comparistany

of these recommendaions, epecially thosewith broal gpplicability, were incorporded into the

Air Traffic Control System Baseline Methodology Gyiléendoerfer & Galushka, 1999).

7.1 Side-bySide Comparisons of Siems

The 2%2-gar nterim betveen he /D and DR Baseines cread nostof the probéns.
Numerous hardware, software, and personnel asamgrurred in the Technical Center
laboratories and simulation support faciliti¢a.addition, new equipment was de@ayto the
field and new procedures an@RAs were developed-inally, some of the PVD &eline
participants and observers were unavailable to participate in the BE&Rr®. These charep
made it very difficult to preserve consistecy beween thebasdines; & aresult, vdidity suffered.

We recommend that future baseline comparisons collect data for stémsyas part of a sileg

larger simuldion ectivity. Paticipants would run thesametraffic senarios usingboth sytans,
alternaing systems on each run or each dayhis procedure wodldrastcaly reduce

configuration managment problems and would provide muchtey e)perimental control It

would also ensure that participants followed the same procedures for stetmsyn addition, a
side-byside comparison would ensure that the controller and observer samples were the same for
both sptems.

A sinde side-byside comparison would be cosityterms of financial, equipmé and labor
resour@s. However, asideby-sidecompaison would sae time and mong oveall by redudng
the need to om@mize, prepare, run, and anaé/a separate simulation for eackteyn. More
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important, a side-bgide comparison would ensure internal validityhe data and would
dramatically improvetheresultingcompaison.

7.2 Precise Control of Testingnvironment

Most tests and evaluations conducted in the Technical Cenie@eengglaboratories do not
require the level of eerimental control required Ipsychologcal research As a result,
configuration managment procedures at the laboratories and support facilities were not
sufficiently detailed in several areas such as aircraft performance madelddition, the
requirements we provided to the technical personnel abpetiexental control were
insufficient

The review team recommends increased involvemetiidyechnical Center laboratcapd
simulation support personnel duritige simulation planningtage. It is especiallymportant to
involve the personnel who will actuakbet up and confige the simulation hardware and
software. Researchers manag the simulation must specifiieir requirements more precisely
It is crucial that researcherspdain to technical personnel the higegee of eyperimental
control that is needed and to provide specificignce as to how that level of control can be
obtained.

With development of leboraories like thelntegration and Interopaability Facility (1°F) that have
actual field equipment but are more flae and available for human factors research, it should
become easier to schedule and coordinate studies with the nedesskoy control.

7.3 Refinements to Data Reduction and Aie\yProcesses

In general, the DR& for both baselines took too lomgd contained too mamyconsistencies.
Hardware, software, and personnel clesng the simulation support facilities prevented us from
usingsome of the DR& methods used in the PVDa&eline. As a result, we were forced to
develop new DR& methods for the DSRd&eline. Thoudh we tried to ensure that the methods
were equivalent, there is the possibitityat the different methods introduced unknown biases
into thedaa.

The review team recommends that standard definitions aadthigs be deeloped to compute
each of the baseline metricEngneeringresearch pghologsts, personnel from the relevant
Technical Center facilities, and SMEs from the field should develop these stantlaisis.
activity could result in a sing DR&A tool that would compute the baseline metrics quiekig
automdically. Sud atool would substatially reduce thetime needed to andyze data and would
ensure consisten@nd validityof analyes.

The review team strogrecommends that future comparisons continue the practice of
reviewingdata with SMEs from the fieldn this baseline comparison, the review process was
invaluable in tha problans with thedaa were identified and thd opeationadly meaningful
explandions for results wee written.
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7.4 Additional Operationaldput

Current controllers and supervisors are valuable and limited resoeesuse mangDC
personnel were alreagbarticipatingin trainingand OT&E activities, longterm operational
involvement was unavailable duritige preparations for DSRaBeline. As a result,
inconsistades in proedures and LOAs wee not identified until thedaa collection phae

Other inconsistencies, such asliligtrip printingparameters, magiso have been identified had
earlier operational involvement been possible.

Thereview team recommends tha current controllers and supevisors from thesimulaed facility
participate throulgout the baseline plannimyocess.Their input is especiallimportant during
the shakedown and laborat@gtup stags to ensure higlevels of simulation realismAfter
shakedown, these individuals would be well suited to serve as SME Observergidtaing
collecion because oheir experience wih the smulation platform and scenaos.

More operational involvement in the plannistgges will require a largr commitment of staff
from the field. However, the benefit to the pn@m would be substantial due to improved
simuléion reglism and intend validity.

7.5 Increased Traffic Compléxy

Thoudh based on data from a™®percentile day a ZDC, it is dear tha the paticipants did not
find the taffic scenans usedn the /D and DR Baseines as chénging as we mtended. Not
only did this prevent us from collectirdata under hig complexty conditions, it also reduced
the motivaion and inteest of our péicipants.

We believe the 99 percentile day is still an gppropriae traffic volumebenchmak. However, we
recommend closer amination of the recorded traffic data upon which scenarios are based.
example, thetraffic volumemaérics of thefacility cover theentire ARTCC. Heavy volumefor
thewholefacility does not neessaily mean heavy volumefor an individud sector. If thetraffic
dataare recordechi a reétively light secor, even on a busyay, the raffic scenans devebped

from that data will not contain the necessasynplexty. Psychologsts and current SMEs from
the field should thoroudy review traffic scenarios prior to shakedown to ensure that the traffic
volume in the simulated sectors is ashhag intended.

We also recommend developiagmetric of traffic scenario compliéx that is not tied

exclusivelyto traffic volume. This metric would allow us toige a meaniniyl complexty score

to the scenarios used in a simulation and would allow comparisons to scenarios in other studies.
The dyhamic densitymetric currentlyunder development lihe FAA should be suitable for this
purpose.

7.6 Realistic Opportunities for @ween-Sector Coordination

Between-sector coordination tasks constitute a substantial portion of a controller’s job, especially
at the D position.In the PVD Bseline, current RC controllers staffed thehgst sectors and

ensured that participants followed applicable coordination procedurdéise DSR Bseline,

however, participants who were unfamiliar witb@ airspace and procedures staffed thest
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sectors.This enabled participants to request unrealistic point outs or to not coordinate at all.
This probablycontributed to the lower workload ratswgade byparticipants duringhe DSR
Baseline. It also reduced the internal validiby the baseline comparison and contributed to some
data beingliscounted byhe review team.

The review team recommends that current controllers from the field site stdfbsilsgpctors.
Controlle's who ae not aurrent, controllers from othe facilities, and non-ontrollers do not hae
sufficient knowledg of the airspace and procedures to provide the required level of realism.
Current controllers staffinthe dhost sectors would be responsible for all communication and
coordination over the frequencyheyalso would ensure that participants follow pchees and
phraseolog and would not accept handoffs or approve point outs that would noimeatignied

in the field. Staffingthe dhost sector could easibe incorporated into the controller rotation
schedule.Simulation support personnel could stadtk diost sector in addition to the controller
to complee simulaor-speific tasks sub as ddeting compleed tracks.

Meetingthis recommendation should restore D-controller workload to realistic levels ifegra g
traffic volume It will also hép ensuretha paticipants do not teate unredlistic traffic situgions
by not following coordination proceduredvieetingthis recommendation magquire some
additional staff from the simulated facilibut should add considerable valuegdogvidinga

mud morerealistic and @nsistat simuldion.

7.7 Timing of Baseline Activities

We conducted the DSRa&eline duringhe second week of DSR OE However, the lenttp of
time needed to raluce, andyze, and review thedaa from abasdine, assumingcurrent DR&A
tools and staffingis several monthdf the recommendation®gerated byhe comparison were
to quide CHIchangs prior to deplosnent, we conducted the DSRdline too late in the
acquisition processThe baseline must be conducted ahead of the fettrsydeplognent bya
large enou@ margn that the recommendationsngrated from the baseline still can be
incorporated into the syem if necessarnif the DR&A procedures are improved as we
recommend, we believe that the asalyreview, and reportingeriod can be reduced to around
one month.Organizations responsible for settimgschedule should include time to conduct and
analye the baseline in their schedule and should also include time to addressuasy
generated duringhe baseline.

7.8 Scale of Bseline Activities

Some human factors issues nieybetter exmined throuly small-scale, part-task evaluations
rather then full-scale simuldions. Full-scale simuldions reuire tha paticipants (raher than
psychologsts) decide when and how to take actiomlis makes particular kinds of data such as
speed and accuraayeasurements vedfficult to collect and anale. On the other hand, in
part-task evaluations, pdylogsts can specifyvhen and how events occur and when particular
actions are takenTheywould allow psghologsts to collect precise measurements undétltig
controlled conditions.
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Part task evaluations would be particularbeful to compare candidate dessplutions earlier
in the development procesBor example, participants could complete a set of 5hflgan
enties usng four differentkeyboard Byouts. The speed and accurasth which the
participants completed the task could be measuréd.order of presentation of the keyards
could be badnced and researchers abtightly contol the exactcharaceristics of he flight
plans.

The review team recogges that not all studies that could have been conducted were possible
given cost and schedule consideratiodswever, if additional human factors evaluations of the
DSR are planned, the review team recommends several part-task evaluations to address specific
issues raised with the DSR in this comparisbinst, a part-task evaluation should be conducted
to compare alternative DSR fhgstrip baylayouts. Participants could beggn a series of strip-
related actions to complete (g.lpcating marking and rearrangg strips), and the speed and
accuracyof these actions could be measured for botbutsy Second, a part-task evaluation
should be conducted to compare alternative DSRdayls. Participants could beiggn a series

of data entries to complete, and their speed, accuaadyheads-down time could be measured
usingthe keyoards.Finally, a part-task evaluation should be conducted to compare alternative
display contols to the DR on-screen diplay contols. Participans could receve a sebf
displayactions to complete, and the speed, accuaay heads-down time could be measured for
both sptems.

Finally, the review team recommends that futurgtesyy comparisons use part-task evaluations
early in the sygtemevalaion processaexamne spedic hunman facors ssues.The resuis of
these evaluations would be provided teteyn vendors so that human factors improvements
could be made prior to the human-performance basdimaddition, the review team
recommends hatpart-task evallaions contnue afer the basehe conparison o examine any
remaning issue in ddail.

8. Conclusion

This report identifies someof theinherent difficulties assocated with medium-s@le, high-
fidelity, ATC simuldion and controlled measurement of huma peformance and workloal.
Intervening variables stenming from thesimulaion plaform and configuraion management can
confound results and limit the nature of conclusions that can be dtewmever, despite these
limitations, wecollected vduable objective daa tha may guide future system design, traning,
and procedural improvements for the DSR.

System baseline comparisons betwedi\Fadar displaysystems had not been attempted before
this effort, which increased the number of unknown factbrscal and time constraints placed
on thereseaarchers dso limited theplanning and theexecution of thebasdine simulaions.

Despite these issuesssym baselines are important to the futureAARcquisitions and the
systan modenization proess. Formdizing therole of human-performance basdines in thelife
cycle of FAA systems in @njundion with othe human factors dforts will result in siqqificant
improvements in stem development, evaluation, and operational use.
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AppendixA
DSR Baseline Questionnaires



BACKGROUND QUESIONNAIRE

Controller: Date:
Team:

Instructions

The purpose of this questionnaire is to obtain information conceyoinge)perience
and backgpund. This information will be used to describe the participants in this stady
group. So that pur identitycan remain anomyous, pur actual name should not be written on
this form. Instead, gur data will be identified bg controller code known ontg yourself and
the experimenters.

1) Whatis yur ag?
years

2) How manyyears havequ activelycontrolled traffic?
years

3) How manyhours havequ used the DSR?
hours

4) How manyof the past 12 months haveuwactivelycontrolled traffic?
months

5) What is yur current position as an air traffic controller?
a Developmental a Full Performance level a Other

(specify)

6) In which environment dooy have the most perience as an air traffic controller?
a En Route a Termind a Other (specify

7) If you wear corrective lenses, will you hasze them with you to wer duringthe simulaion?
a Yes U No Q1 | dont wear corrective lenses

8) Circle the number which best describesitycurrent state of health.

1 2 3 4 5 6 7 8
Not Very Extremely
Healthy Healthy
9) Circle thenumbe which best desaibes your aurrent skill as an ar traffic controller.
1 2 3 4 5 6 7 8
Not Very Extremely
Skilled Skilled



10) Circle the number which best describesitylevel of eperience with personal computers.

1 2 3 4 5 6 7 8
Not Very Extremely
Experienced Experienced

11) Circle the number which best describesiylevel of satisfaction with the DSR.

1 2 3 4 5 6 7 8
Not Very Extremely
Sdisfied Sdisfied
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POST-SCENARIO QUESTIONNAIRE

Controller: Date:

Team:

Sector: 26 38 27 35 Run: 1 2 3 4
Position: Radar Data

Instructions

The purpose of this questionnaire is to obtain information concedifiegent aspects of
theair traffic control problen just @mplded. This informaion will be useal to déermine how
the simulation egerience affectsour opinions.As you answer each question, feel free to use
the entire numerical scal®lease be as honest and as accuratelwasan. So that ywur identity
can remain anomgous, Yyur actual name should not be written on this fofnstead, gur data
will be identified bya controller code known ontp yourself and the gerimenters.

1) How well did you control traffic duringhis problem?

1 2 3 4 5 6 7 8
Not Very Extremely
Well Well
2) What was pur averag workload level duringhis problem?
1 2 3 4 5 6 7 8
Very Low Very High
Workload Workload
3) How difficult was this problem compared to other simulation traipirgdplens?
1 2 3 4 5 6 7 8
Not Very Extremely
Difficult Difficult

4) How good do wu think your air traffic control services were from a psgboint of view?

1 2 3 4 5 6 7 8
Not Very Extremely
Good Good

5) To what exent did technical problems with the simulation equipment interfere with y
ability to control tréffic?

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal



6) To wha extent did problens with simuldor pilots intefere with your norméair traffic
control activities?

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
7) How redlistic was this simultion problen compaed to atud air traffic control?
1 2 3 4 5 6 7 8
Not Very Extremely
Redlistic Redlistic



OBSERVER EVALUATION FORM

Observer: Date:
Controller: Run: 1 2 3 4
Sector: 26 38 27 35

Position: Radar Data
INSTRUCTIONS

This form was desitged to be used hpstructor-certified air traffic control specialists to
evauae theeffectiveness of ontrollers workingin simuldion environments. Obsevers will rate
the effectveness of comdllers in severabifferentperformance areas usjthe scad shown
below. When makingyour rating, please tryo use the entire scale rangs much as possible.
You ae encouraged to writedown obsevations, and you ma make prdiminary ratings during
the courseof thesenario. However, werecommend thd you wat until the seenario is finished
before makingyour final rating. The observationsoy make do not need to be restricted to the
performance areas covered in this form and melyde other areas thaby think are important.
Also, please write down aay comments tha may improvethis ezaluaion form. Your identity
will remain anonynous, so do not writeoyir name on the formlnstead, gur data will be
identified byan observer code known ority yourself and the researchers conductimg study

Rding Labd Desaiption
1 Contraller demonstratedextremelypoor judgment in making cortrol decsions ard very frequently made
errors
2 Controller denonstrated poorydgment in making some cortrol decisons and occa®nally made errors
3 Controller made qlegionable corrol decsions using poor coitrol techiques which led to regricting the

normal traffic flow

4 Contraller demonstratecdthe alility to keepaircrat se@ratedbut usedspacing andseration criteria that
was excessive

5 Contraller demonstratedadequag judgment in making control decisions
6 Contraller demonstratedyoodjudgment in meking control decisions using €icient control techniques
7 Controller frequently deronstratedexcellenfjudgment in making cortrol decsions using extrenmely good

control techiques

8 Controller always denonstrated exellert judgment in making eventhe nost difficult control decisiors
while using aitstanding control techniques

NA Not Applicable - There was not anopportnity to observe performance in this paricular area dring the
simulation
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MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1.

4,

M aintaining Separation and Reslving Potential Conflicts........ 1 2
- using catral instructions that naintain saé aircrat segration
- detecting andresdving impending canflicts early
SequencingArrival and Departure Aircraft Efficiently.............. 1 2
- using efficient ard orderlyspacimgy techiques or

arrival and departue aircraf
- maintaining saé arrival anddeparture intervals that mimize dllays
Using Control Instructions Effectively...........ccccoiiiiiniinnnl 1. 2
- providing accuate ravigational assistane to pilots
- awiding clearaes that resit in the reed br

additional instructims tohande aircraf completely
- awiding excesive vecbring or ower-controlling
Overall Safe and Hficient Traffic Flow Scale Rating................ 1 2

MAINTAINING ATTENTIO N AND SITUATIO N AWARENESS

5.

8.
9.

Maintaining Awarenes of Aircraft Postions..............ccccvveeeee. 1 2
- awiding fixation onore area othe radar sope when

other areas aed attetion
- using scanningatterns that ranitor all aircrat on the radr scqe
Ensuring Postive CONIol ........cuvvieeiiiiiiiiiiee e 1..2
DetectingPilot Deviationsfrom Control Instructions................ 1 2
- ersuring that pilots bllow assiged clearanes correctly
- carrecting plot deviations in a tinely manner
Correcting Own Errors ina Timely Manner.........cccccccoovvvvneee.. 1 2
Overall Attention and Situation Awarenes Scale Rating.......... 1 2

PRIORITIZ ING

10.

11.

12.

13.

14.

Taking Actionsin an Appropriate Order of | mportance............ 1 2
- resdving situations that needimmediate attentia

before handing low priority tasks
- issuing catrad instructians in a pioritized,

structured, am timely manner
Preplanning Control ACHONS...........uveiieiiiiiieeei e 1.2
- scaming adjacen sectors to plafor inbouwnd traffic
- studying pending flight stiips in bay
Handling Control Tasksfor SeveralAircraft ..............cccceeeeeins 1 2
- shifting cantrol tasks letween several aircrefvhen necessary
- avoiding delays in communications while thinking o

planning @ntrol actions

Marking Flight Strips while Performing Other Tasks............... 1 2
- marking flight strips accratelywhile talking or
performing other tasks
- keeping flight stiips current
Overall Prioritizing ScaleRating ............cccvviiiieaiiniiiiiiies 1.2
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PROVIDING CONTROL INFORM ATION

15. Providing Essential Air Traffic Control Information................. 1
- providing mandatory senices ai advsories to pilots
in a timely manner
- exchanging essential mrination
16. Providing Additional Air Traffic Control Information.............. 1
- providing adlitional services Wwen workloadis nad a facta
- exchanging aditional information
17. Overall Providing Control Information ScaleRating ................ 1

TECHNICAL KNOWL EDGE

18. Showing Knowledgeof LOAs and SOPS...........cccccoovvriereennnnn. 1.
- cortrolling traffic as depicted icurernt LOAs ard SORB
- performing handoff proceduescorrecty
19. Showing Knowledge d Aircra ft Capabilities and Limitations...1
- awiding clearaes tlat are begnd aircrat
performance parareters
- recoqnizing the reed br speed restrictiard wake
turbulerce separation
20. Overall TechnicalKnowledgeScaleRating ...........cccccevvvveeeenn, 1

COMMUNICATING

21. Using Proper Phraseology.........cuueeiieiiiiiiieiee e 1.
- using words ard plrases specified n ATP 7110.65
- using ATP phrasedogy that is apropriate for the situatio
- avoiding theuseof excessiveverbiage
22. Communicating Clearly and Efficiently ...........cccccccceeeeiiinneeen. 1.
- speaking at the qoper volume andrate br pilots tounderstand
- speaking fluently while s@nning a performing aher tasks
- clearare deliweryis conplete, correct ath timely
- providing conplete irformationin eachclearaice
23. Listeningto Pilot Readbaclks and Requess...........ccveeveiiinnnee. 1
- correctirg pilot readbaclerrors
- acknawvledging plot or other catroller requests pomptly
- processig requests correctlyn a timely manner
24. Overall Communicating ScaleRating..........cccceeeveieieeeeeiiiiinennns 1.
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MAINTAINING SAFE AND EFFICIENT TRAFFIC FLOW

1. Maintaining Separation and Resolving Potential Conflicts

2. Sequencindirrival and Departure Aircraft Efficiently

3. Using Control hstrudions Effectively

4, Other Actions Observed in Safe and Efficient TraffioW

MAINTAINING ATTENTION AND SITUATION AWARENESS

5. MaintainingAwareness of Aircraft Positions

6. EnsuringPositiveControl

7. DetectingPilot Deviations from Controhistructions

8. Correcting Own Errors in aimely Manne

9. Other Actions Observed in Attention and Situation Awareness



PRIORITIZING

10.

11.

12.

13.

14.

Taking Actions in an Appropriate Order ahportance

PreplanningControl Actions

HandlingControl Tasks for 8veral Aircraft

Marking Hight Strips while Performin@ther Tasks

Othea Actions Obseved in Prioritizing

PROVIDING CONTROL INFORMATION

15.

16.

17.

ProvidingEssential Air Traffic Controlriformation

ProvidingAdditional Air Traffic Control hformation

Other Actions Observed in Providit@pntrol hformation



TECHNICAL KNOWLEDGE

18.  ShowingKnowledg of LOAs and SOPs

19. ShowingKnowledg of Aircraft Capabilities andiiitations

20.  Other Actions Observed in Technical Knowledg

COMMUNICATING

21.  UsingProper Phraseolgg

22. Communicaing Clearly and Effcienty

23.  Listeningto Pilot Readbacks and Requests

24.  Other Actions Observed in Communicating
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Observer_og
Observer: Date:
Sector26 38 35 27 Run: 1 2 3 4

Instructions

Please record anynusual events hyotingthe sptem time, the nature of the event, and
the aircraft involved.Please also note atgchnical problems and other safetitical or
otherwise important eventsJse back of pagfor explanations, if necessary

System Time Event Aircraft
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FINAL QUESTIONNAIRE
Controller: Date:
Team:

Section A
Please acle the nunber whch bestdescrbes wur level of ageenmentwith each of he
following statements concermg the DR.

1) The flight progess gips are easio accessn the stip bays.

1 2 3 4 5 6 7 8
Strongdy Strondy
Disagree Agree
2) The flight progess strips are easy read and mark in the strip lsay
1 2 3 4 5 6 7 8
Strongdy Strondy
Disagree Agree
3) The on-screen cortls are easyo access.
1 2 3 4 5 6 7 8
Strongdy Strondy
Disagree Agree
4) Theopeation and fundions of theon-sceen controls ae intuitive.
1 2 3 4 5 6 7 8
Strongy Strondy
Disagree Agree
5) The controller kelgoard is easyo use.
1 2 3 4 5 6 7 8
Strongdy Strondy
Disagree Agree
6) The radar and map dispEgre easyo read.
1 2 3 4 5 6 7 8
Strongdy Strondy
Disagree Agree
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7)

8)

9)

10)

11)

The radar and map dispkgre easyo understand.

1 2 3 4 5 6 7 8
Strongy Strondy
Disagree Agree
There s plenty of spaced work within the worksaton.

1 2 3 4 5 6 7 8
Strongy Strondy
Disagree Agree
The equipment, displayand controls allow me to control traffic in the most efficient
way possible.

1 2 3 4 5 6 7 8
Strongy Strondy
Disagree Agree

The equipment, displayand controls allow me to control traffic without aaykward
limitations.

1 2 3 4 5 6 7 8
Strongy Strondy
Disagree Agree

Overal, the equpment, displays and contols are effeatve in meeing the needs of
controllers.

1 2 3 4 5 6 7 8
Strongy Strondy
Disagree Agree
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Section B
Please circle the number which best describes gverall interaction with the
equpment, displays, and contls (i.e., hunan-conputer interface) of he DIR.

1) 1 2 3 4 5 6 7 8
Not Very Extremely
Limited Limited

2) 1 2 3 4 5 6 7 8
Not Very Extremely
Frustrding Frustraing

3) 1 2 3 4 5 6 7 8
Not Very Extremely
Effective Effective

4) 1 2 3 4 5 6 7 8
Not Very Extremely
Efficient Efficient

5) 1 2 3 4 5 6 7 8
Not Very Extremely
Easyto Operage Easyto Operae

6) 1 2 3 4 5 6 7 8
Not Very Extremely
Easyto Understand Easyto Understand
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Section C

Please circle the number which best represenis gpinion about the followingotential

improvanents to theDSR sytem.

1)

2)

3)

4)

To what exent do wu think a lidit-colored map displage.g, tan) with dark letters would
improve Yyur effectiveness with the DSR console?

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal

To what exent do pu think a mouse input device (instead of a trackball) would improve
your effectveness wh the DR consoé?
U If you are not familiar with a mouse input device, mark this box

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal

To what exent do yu think additional color-codingf information would improvegur
effectiveness with theDSR?

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal

To what exent do yu think a britnter room lidnting level would improve gur
effeciveness wh the DR consoé?

1 2 3 4 5 6 7 8
Not Very A Great
Much Deal
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Section D
For eachlie folowing quesions, ndicaie your opnion bymarking one or nore of he
provided boes. Then, please provide amyglditional comments thaby think are appropriate.

1) Which aspects of the DSR console need improvement?

a Radar am Map Displag a On-ScreenControls

a Flight Stip Bays a Volume of Workspace
a Keyboard a Other (specty)

a Trackball a Other (specty)

Please provide some details about why think each of these aspects needs
improvanent?

2) What are the most common mistakesi yncounter usintpe DSR console?

a Misreadirg Radar Diglay Information a Selecting Brgets vith Trackkall
a Misreadirg Map Displaylnformation a Adjusting On-screenControls
a Misreading Flight Rogress Stips a Other (specty)

a Making Entries vth Keyboard a Other (specty)

Please provide some details about wimat think causesou to make each of these
mistekes?
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Section E
If there are angther comments or sgestions that gu have regrding this baseline study
of the DR consoé, pkase wite your ideas m the space proded bebw.
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Air Traffic Workload hput Technique Rating

Controller: Date:

You have been usintpe seven-keATWIT system to rate gur workload duringhe Baseline
Study Please indicate below howty define the lowest (1) and higst (7) workload ratingn
the seven-point ATW scale.

To me thelowest ATWIT rating (1) means myworkloa is:

To me thehighest ATWIT rating (7) means myworkloa is:
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DSR Keyoard Questionnaire

Controller: Date:

Team DSR hours this
week

Instructions
The PVD/M1 and DSR képards differ in a number of wayDuring DSR development
and Operational Test and Evaluation ((H)activities, concerns have been raised about several
properties of the DSR kbgard. Each concern is listed in the left column belddease indigte
whether or not gu experienced that concern this wedkyou answer “Yes” for a particular
conaern, then complée thefour items in theright column. These items ae:
B How many times dd thisoccu during the week? Circle your estimate of how
often you malethis ke/boad mist&e this wesk while working with theDSR. Please
estimate thefrequency only for you and not for ontrollers in general. We redlize tha
this is onlya “best giess,” but it will help us understand whatyperceive to be the
most frequent problems.
B Towhat extert did thisimpact you efficiency? Estimae how mud this problen
reduced your aility to control ar traffic efficiently. Please estimate theimpact on
only your dficiency and not on thebility of controllers in general. We redlize tha
this is onlya “best giess,” but it will help us understand whatyperceive to be the
most serious problems.
B How did you correct it? If you took an action to correct the mistake, please describe
whatyou did. For exanple, “I backspaced over and yped he correctetter.”
Please describe onlyhat actions gu took and not the actions other controllers took
or could take.
B To what extent will this im provewith experience? Estimde theextent to whidh
this problen will occur less frequently as you gain experience with theDSR
keyboad. Please estimate only your own rae of improvanent and not therate of
improvanent for controllers in general. We redlize tha this is onlya “best guess,”
but it will help us understand whably peceive to be the most persistent problems.

When Itype entries, look primarilyat (check one):
U Messag Composition Area
U Keyboard/Hands
U Situaion Display
U Other (please specity
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Concern If “Yes”
1. The BACKSPACE and How many times did this ocur duringthe week?
CLEAR keysarein 1-5 5-10 10 or more
different locations on the times times times
DSR keyoard than on the To what exent did this impactqur efficiency
PVD/M1 keyboard. This 1 2 3 4 5 6 7
week, did yu make any Very A Great
mistakes thatqu could Little Deadl
attribute to thelocation of | How did you correct it?
these keg?
To wha extent will this improvewith experience?
U Yes U No 1 2 3 4 5 6 7
Very A Great
Little Deal
. Some function keyon the | How many times did this ocur duringthe week?
DSR have different labels 1-5 5-10 10 or more
than the equivalent QAKSY times times times
on the PVD/M1.This To what exent did this impactqur efficiency
week, did yu make any 1 2 3 4 5 6 7
mistakes thatqu could Very A Great
attribute to these labds? Little Deadl
How did you correct it?
U Yes U No
To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal
. Some function keyon the | How many times did this ocur duringthe week?
DSR keyoard are 1-5 5-10 10 or more
grouped differentlythan times times times
on the PVD/M1.This To what exent did this impactqur efficiency
week, did yu make any 1 2 3 4 5 6 7
mistakes thatqu could Very A Great
attributeto these Little Deadl
groupings? How did you correct it?
U Yes U No To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal
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Concern

If “Yes”

4. Function key are located

on the DSR keyoard
rather than on the
PVD/M1 console.This
week, did yu make any
mistakes thatqu could
attribute to this funtgion
key placenent?

4 Yes O No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal

. The keyg on the DSR
keyboard are eami to
press than the keyn the
PVD/M1. This week, did
you make anynistakes
that you could attribute to
this difference in key
sensitivity?

U4 Yes 4 No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal

. The MAP MAN and MAP

PSET keys are bcatd on
the top row of the DSR
keyboard. This week, did
you made anynistakes
that you could attribute to
thelocation of these keys?

U Yes Q4 No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal
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Concern

If “Yes”

. Some controllers have

reported inadvertently
hitting the SPACE kg on
the numeric keyad. Did
you experience this during
the week?

U4 Yes Q4 No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency

1 2 3 4 5 6 7
Very A Great
Little Ded

How did you correct it?

To wha extent will this improvewith experience?

1 2 3 4 5 6 7
Very A Great
Little Ded

. Some controllers have

reported that the 0 keyn
the numeric keyad is not
easily identifiable to tout
users.Did you experience
this duringthe week?

U4 Yes O No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency

1 2 3 4 5 6 7
Very A Great
Little Ded

How did you correct it?

To wha extent will this improvewith experience?

1 2 3 4 5 6 7
Very A Great
Little Ded

. Some controllers have

suggested hatthe 0 key
and the SPACE kegn the
numeric kepad should be
swapped.This week, did
you ever make any
mistakes thatqu could
attribute to thelocation of
these wo keys?

U4 Yes 4 No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency

1 2 3 4 5 6 7
Very A Great
Little Ded

How did you correct it?

To wha extent will this improvewith experience?

1 2 3 4 5 6 7
Very A Great
Little Ded
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Concern

If “Yes”

10. Some controllers have
reported inadvertently

hitting theINSRT or DEL

CHAR keys while trying
to hit the O keyon the
numeric kepad. Did you
experience his during the
week?

U4 Yes O No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal

11. Some controllers have

suggested hatthe nuneric
keypad ke are too close

together. This week, did
you make anynistakes

that you could attribute to

the cbseness ohiese
keys?

U4 Yes O No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal

12. Some controllers have
reported beinglistracted
by the tone that sounds
after hitting theblank key
on the numeric kegyad.
Did you experience this
during the week?

U4 Yes O No

How many times did this ocur duringthe week?
1-5 5-10 10 or more
times times times
To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal
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Concern If “Yes”
13. Some controllers have | How may times did this ocur duringthe week?
reported inadvertently 1-5 5-10 10 or more
pressinghe HOME button times times times

on thetrackbdl when they
meant to press theENTER
button. Did you
experience his during the
week?

U4 Yes O No

To what exent did this impactqur efficiency
1 2 3 4 5 6 7
Very A Great
Little Deadl
How did you correct it?

To wha extent will this improvewith experience?
1 2 3 4 5 6 7
Very A Great
Little Deal
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AppendixB
DSR Baselne Measureent Summary



Table B1.

Overall level Data

Constuct Measure Average Standard Comments
Deviation
Safety OperationaErrors 0.0 N/A
Conflict Alerts 1.7 2.19
Halo Initiations 4.9 3.52
Data Bock Positioning 93.7 40.34
Othe Sdety Critica Issus N/A N/A Handwritten dda. Se=
Section 5.1.5.
Capacity Aircraft Under Control 50.6 12.58
Time in Secbor N/A N/A See Tabé B-2 for &cbor
Level Data
Performance|Overall Data Entries-R 309.5 74.47
Overall Data Entries-D 46.8 48.00
Specfic Daa Enty Types N/A N/A See Tabé B-3 for &cbor
Level Data for specific
data entry types.
Data EntryErrors-R 34.0 16.40
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Constuct Measure Average Standard Commaents
Deviation

Performance |Data EntryErrors-D 9.1 10.19

(continued)
Numbe of Altitude, Spexd, and Heading 50.6 24.52
Changes
Qudity of ATC sevices from acontroller point 7.4 1.12
of view-R
Qudity of ATC sevices from acontroller point 7.3 1.44
of view-D
Qudity of ATC sevices from apilot point of 7.3 0.99
view-R
Qudity of ATC sevices from apilot point of 6.8 1.56
view-D
MaintainingSafe and Efficient Traffic lew-R 6.3 1.14
MaintainingSafe and Efficient Traffic léw-D 6.5 1.00
Maintaining Attention and Situdion 6.1 1.06
Awareness-R
Maintaining Attention and Situdion 5.5 1.17
Awareness-D
Prioritizing-R 6.0 1.02
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Constuct Measure Average Standard Commaents
Deviation

Performance |Prioritizing-D 59 1.11

(continued)
ProvidingControl hformation-R 5.3 1.80
ProvidingControl hformation-D 6.9 0.60
TechnicalKnowledge-R 6.2 1.12
TechnicalKnowledge-D 6.2 1.20
CommunicatingR 5.7 1.37
CommunicatingD 5.7 1.10

Workload  |ATWIT Workload-R 2.6 0.74
ATWIT Workload-D 2.3 0.66
Post-RuniWorkload-R 3.3 1.07
Post-RunWorkload-D 2.8 1.09
Communication Taskload (Number of Air- 139.8 28.59
Ground Communications)
Coordination Taskload (Number of Ground- 21.3 25.48

Ground Communications)
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Constuct Measure Average Standard Comments
Deviation

Usability Flight Progess Strip Access 2.6 2.12
Flight Progess Strip Read/Mark 3.0 1.05
Ease of Access to Controls 4.5 1.51
Operation of Controlsnkuitive 4.0 1.94
Keyboard Ease of Use 2.0 1.49
Radar and Map Ease of Use 5.6 2.50
Radar and Map Ease of Understanding 6.2 1.32
WorkstationSpace 2.2 1.03
Equipment, Displag; and Controls Support 2.4 1.26
EfficientATC
Equipment, Display; and Controlsrhpose 2.1 1.37
Limitations
Equipment, Display; and Controls Overall 29 1.37

Effectiveness
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Constuct Measure Average Standard Comments
Deviation
Simulgion [Traffic Scenaro Characeristics It is notmeanngful to
Fiddity avera@ these datacross
traffic scenaws. Please
see Tal# B-2 for cor
Level Data
Scenario Duration N/A N/A
Number of 8t Aircraft N/A N/A
Number of FPopeller Aircraft N/A N/A
Number of Arrivals N/A N/A
Number of Departures N/A N/A
Number of Overflidnts N/A N/A
Realism RatingR 4.4 1.64 See Table B for Sector
Level Data
RealismRatingD 4.2 1.54
Impact of Technical Problems Ratiiy 2.5 2.05
Impact of Technical Problems Ratiiy 2.4 1.48
Impact of Pseudopilots Ratiffg 1.8 0.75
Simulaion  |[Impact of Pseudopilots Ratifig 1.9 0.89
ot



Constuct Measure Average Standard Commaents
Deviation
Fiddity o .
(continued) Scenario DifficultyRatingR 29 1.20
Scenario DifficultyRatingD 2.5 0.96
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Table B2. Sector evel Data - Averags

Construct Measure 26 27 35 38 Comments

Safety OperationaErrors 0.0 0.0 0.0 0.0
Conflict Alerts 1.4 1.9 2.4 1.1
Halo Initiations 6.2 8.0 3.3 2.0
Data Bock Positioning 76.0 111.0 123.6 64.0

Capacity Aircraft UnderControl 39.3 58.5 66.4 38.1
Time in Sector 8.8 7.9 12.6 7.4

Performance |Overall DataEntries-R 306.6 363.9 328.4 239.1
Overall Data Entries-D 33.6 51.8 55.6 46.3
Data EntryErrors-R 26.4 34.9 42.3 32.6
Data EntryErrors-D 4.3 8.6 10.0 134
Numbe of Altitude, Spexd, and Heading 65.5 76.0 29.8 31.3
Changes
Qudity of ATC sevices from acontroller point| 7.4 7.5 7.5 7.3
of view-R
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Construct Measure 26 27 35 38 Comments
Performance |Qudity of ATC sevices from acontroller point| 7.6 6.9 7.4 7.3
(continued) |of view-D

Qudity of ATC sevices from apilot point of 7.1 7.1 7.3 8.0
view-R

Qudity of ATC sevices from apilot point of 7.3 6.3 6.9 6.6
view-D

MaintainingSafe and Efficient Traffic lew-R 6.5 6.3 6.0 6.5
MaintainingSafe and Efficient Traffic léw-D 6.7 6.3 7.0 6.0
Maintaining Attention and Situdion 6.7 5.8 6.3 6.0
Awareness-R

Maintaining Attention and Situdion 5.4 5.9 5.6 4.8
Awareness-D

Prioritizing-R 6.5 6.1 5.5 5.8
Prioritizing-D 5.8 6.3 5.9 5.7
ProvidingControl hformation-R 6.0 5.5 3.9 6.0
ProvidingControl hformation-D 7.0 7.0 7.0 6.0
TechnicalKnowledge-R 6.2 6.1 6.1 6.7
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Construct Measure 26 27 35 38 Comments
Performance |TechnicalKnowledge-D 6.4 6.6 6.1 5.7
(continued)

CommunicatingR 6.3 5.6 5.3 5.8
CommunicatingD 6.3 5.6 6.0 5.0
Workload ATWIT Workload-R 2.8 2.6 2.8 1.9
ATWIT Workload-D 2.4 2.1 2.7 1.8
Post-RurWorkload-R 3.4 3.3 3.5 3.0
Post-RurWorkload-D 3.0 2.9 3.4 1.9
Communication Taskload (Number of Air- 132.3 154.8 163.6 103.1
Ground Communications)
Coordination Taskload (Number of Ground-| 17.0 17.8 28.3 22.1
Ground Communications)
Simulgion [Traffic Scenaro Characeristics
Fiddity
Scenario Duration 60 90 90 60
minutes | minutes | minutes | minutes
(70 min -{(100 min (200 min 1 (70 min -
10min | 10 min | 10 min | 10 min
ramp) ramp) ramp) ramp)
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Construct Measure 26 27 35 38 Comments
Simulaion  |Number of &t Aircraft 20.9 35.4 62.4 38.1
Fiddity
(continued) |Number of Propeller Aircraft 18.6 22.6 4.3 0.4

Number of Arrivals 11.0 39.4 9.0 10.1
Numberof Departures 26.4 13.6 41.0 26.4
Number of Overflignts 2.0 5.0 16.7 2.0
RealismRatingR 4.8 4.9 4.6 3.4
RealismRatingD 4.6 3.9 4.5 3.8
Impact of Technical Problems Ratiiy 3.4 2.1 1.6 3.1
Impact of Technical Problems Rathiy 2.9 2.6 2.3 1.9
Impact of Pseudopilots Ratifig 2.0 1.6 1.6 1.8
Impact of Pseudopilots Ratirig 2.4 2.1 15 1.8
Scenario DifficultyRatingR 3.1 3.3 3.1 2.4
Scenario DifficultyRatingD 3.1 2.1 2.6 1.9

B-10




Table B3. Sector kevel Data — Standard Deviations

Construct Measure 26 27 35 38 Comments

Safety Operational Errors NA NA NA NA
Conflict Alerts 0.79 2.30 3.54 1.33
Halo Initiations 3.31 3.11 2.59 1.51
Data Bock Positioning 32.31 31.75 46.98 14.76

Capacity Aircraft UnderControl 2.60 1.41 1.19 3.09
Time in Sector 0.89 0.78 1.19 1.20

Performance |Overall DataEntries-R 76.75 62.46 49.45 53.52
Overall Data Entries-D 46.27 58.57 49.17 43.55
Data EntryErrors-R 17.70 15.06 15.21 16.51
Data EntryErrors-D 4.46 12.51 8.60 12.65
Numbe of Altitude, Sped, and Heading 17.72 15.46 12.08 6.94
Changes
Qudity of ATC sevices from acontroller point|  0.92 1.07 0.76 1.75
of view-R
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Construct Measure 26 27 35 38 Comments
Performance |Qudity of ATC sevices from acontroller point| 0.74 1.73 1.41 1.75
(continued) |of view-D

Qudity of ATC sevices from apilot point of 1.13 0.99 1.16 0.00
view-R

Qudity of ATC sevices from apilot point of 0.89 1.58 1.36 2.20
view-D

MaintainingSafe and Efficient Traffic lBw-R 0.84 1.75 1.00 0.55
MaintainingSafe and Efficient Traffic lBw-D 1.53 0.96 0.00 1.41
Maintaining Attention and Situdion 0.82 1.39 0.49 1.26
Awareness-R

Maintaining Attention and Situdion 0.89 0.90 1.30 1.47
Awareness-D

Prioritizing-R 0.55 1.27 0.93 0.98
Prioritizing-D 0.98 1.11 1.25 1.21
ProvidingControl hformation-R 1.17 1.05 1.46 0.82
ProvidingControl hformation-D 1.26 151 2.42 0.00
TechnicalKnowledge-R 1.17 1.05 1.46 0.82
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Construct Measure 26 27 35 38 Comments
Performance |TechnicalKnowledge-D 1.34 0.53 1.55 1.21
(continued)
CommunicatingR 0.82 1.33 1.83 1.17
CommunicatingD 0.52 0.98 0.93 1.55

Workload ATWIT Workload-R 0.85 0.52 0.62 0.65
ATWIT Workload-D 0.57 0.66 0.46 0.64
Post-RurWorkload-R 1.19 0.71 1.60 0.76
Post-RunWorkload-D 0.93 0.99 1.19 0.64
Communication Taskload (Number of Air- 13.85 19.30 20.94 11.08
Ground Communications)
Coordination Taskload (Number of Ground-| 16.46 23.87 33.25 28.95
Ground Communications)

Simulgion [Traffic Scenaro Characeristics

Fiddity
Scenario Duration NA NA NA NA
Number of 8t Aircraft 1.46 1.27 0.98 3.76
Number of Propeller Aircraft 1.13 0.79 0.76 0.79
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Construct Measure 26 27 35 38 Comments
Simulaion  [Numberof Arrivals 0.58 0.79 0.82 1.46
Fiddity
(continued) |Numberof Departures 2.15 1.27 1.15 3.15

Numberof Overflights 0.00 0.00 0.49 0.00
RealismRatingR 0.71 1.25 1.77 2.26
RealismRatingD 1.41 1.64 131 1.83
Impact of Technical Problems Ratiiy 2.50 0.99 0.52 3.04
Impact of Technical Problems Ratiiy 1.64 2.26 0.71 0.64
Impact of Pseudopilots Ratifig 0.93 0.74 0.74 0.71
Impact of Pseudopilots Ratifig 0.92 1.13 0.53 0.71
Scenario DifficultyRatingR 1.46 0.71 1.55 0.92
Scenario DifficultyRatingD 0.83 0.64 1.06 0.83
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Table B4. Sector level Data — Specific Data Entilyypes Averags

Data Entry 26-R 26-D 27-R 27-D 35-R 35-D 38-R 38-D
Type
AM 0.0 2.1 0.0 1.9 0.0 2.6 0.0 2.8
CcoO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FP 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0
FR 0.0 2.3 0.0 2.6 0.0 4.9 0.0 2.0
LA 14 0.0 3.8 0.0 2.4 0.0 1.1 0.0
LB 0.9 0.0 0.3 0.0 1.3 0.0 0.8 0.0
SG 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
QA 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0
QB 1.3 0.3 1.4 0.0 0.5 0.8 0.1 0.0
QD 14 0.4 1.6 0.3 1.0 0.1 1.6 1.1
QF 3.5 0.0 2.9 0.0 1.6 0.0 2.5 0.0
QN 116.4 1.0 175.4 1.6 178.0 0.6 105.5 2.1
QP 14.4 6.7 18.8 3.5 7.5 12.9 8.8 26.6
QQ 41.0 3.6 48.6 1.6 7.0 0.8 22.6 3.4
QT 1.3 0.1 2.9 11.8 0.4 0.4 0.5 0.1
QU 17.8 5.3 13.0 2.0 55 5.0 5.8 2.8
QX 0.1 0.0 0.1 0.1 0.1 0.8 0.0 0.4
QZ 53 19.0 10.6 26.6 3.1 255 3.6 19.8
SR 0.0 1.9 0.0 1.9 0.0 6.8 0.0 1.0
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Table B5. Sector evel Data — Specific Data Entiilyypes Standard Deviations

Data Entry 26-R 26-D 27-R 27-D 35-R 35-D 38-R 38-D
Type
AM 0.00 1.73 0.00 3.59 0.00 2.23 0.00 2.99
CcoO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FP 0.00 0.00 0.00 0.00 0.00 2.62 0.00 0.00
FR 0.00 1.67 0.00 2.23 0.00 7.20 0.00 2.40
LA 1.11 0.00 1.98 0.00 3.08 0.00 1.05 0.00
LB 0.93 0.00 0.66 0.00 1.48 0.00 1.09 0.00
SG 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00
QA 0.00 0.00 0.33 0.00 0.00 0.00 0.33 0.00
QB 1.39 0.45 1.11 0.00 0.71 0.83 0.33 0.00
QD 0.70 0.73 0.70 0.66 0.71 0.33 0.99 2.62
QF 3.43 0.00 2.26 0.00 1.32 0.00 1.94 0.00
QN 30.33 1.60 34.03 1.32 42.01 0.86 28.84 1.90
QP 5.94 9.27 6.61 3.32 6.65 20.55 4.66 51.49
QQ 11.21 6.46 21.20 2.60 2.92 1.09 6.00 5.02
QT 1.20 0.35 3.55 27.46 0.70 0.99 1.00 0.33
QU 9.04 8.17 11.77 2.24 6.84 577 7.45 3.19
QX 0.33 0.00 0.33 0.33 0.33 1.39 0.00 0.99
QZ 3.19 28.98 10.99 21.38 3.33 31.92 2.96 21.73
SR 0.00 1.96 0.00 2.57 0.00 9.31 0.00 1.50
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Table B6. Interval Level Data — Sector 26 - Averag

Construct Measure 1 2 3 4 5
Safety DataBlock Positioning 6.0 16.1 28.0 19.0 18.6
Capacity Aircraft UnderControl 9.3 16.8 15.0 12.3 12.5
Performance |Overall DataEntries-R 23.6 57.1 96.0 67.5 62.4
Overall Data Entries-D 3.5 5.0 12.6 8.8 3.8
DataEntry Errors-R 3.8 4.9 5.9 6.3 6.4
DataEntry Errors-D 0.8 1.1 1.6 0.5 0.3
Numbe of Altitude, Spexd, and Heading 3.0 20.9 17.5 9.8 14.0
Changes

Workload  |ATWIT Workload-R 1.8 3.0 29 29 3.1
ATWIT Workload-D 1.6 2.6 2.7 2.4 2.3
Communication Taskload (Number of Air- 14.7 34.7 34.5 23.6 24.2
Ground Communications)
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Table B7. Interval Level Data — Sector 27 - Averag

Construct Measure 1 2 3 4 5 6 7
Safety DataBlock Positioning 7.5 17.6 21.4 9.9 15.9 21.0 20.3
Capacity Aircraft UnderControl 8.9 14.6 11.8 4.9 9.3 17.3 14.3
Performance |Overall DataEntries-R 31.4 59.0 58.4 25.0 41.9 79.4 68.9
OverallDataEntries-D 2.1 7.6 8.4 15 6.9 10.5 14.8
DataEntry Errors-R 2.4 4.3 5.6 1.9 5.9 8.5 6.4
DataEntry Errors-D 0.1 15 14 0.3 2.5 1.9 1.0
Numbe of Altitude, Spexd, and Heading 5.1 9.6 15.1 3.8 4.8 18.0 19.6
Changes

Workload  |ATWIT Workload-R 1.9 2.7 29 1.9 2.2 3.5 3.3
ATWIT Workload-D 1.5 2.3 2.0 1.4 2.0 2.9 2.5
Communication Taskload (Number of Air- 17.2 32.3 31.1 10.9 18.8 44.6 37.9
Ground Communications)
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Table B8. Interval Level Data — Sector 35 - Averag

Construct Measure 1 2 3 4 5 6 7
Safety DataBlock Positioning 8.9 16.0 13.8 19.8 29.3 23.0 13.0
Capacity Aircraft UnderControl 9.1 15.1 17.6 23.0 25.0 20.3 13.4
Performance |Overall DataEntries-R 23.8 36.5 37.9 57.3 69.6 58.9 44.5
OverallDataEntries-D 13.1 7.1 5.5 7.9 8.8 7.5 5.8
DataEntry Errors-R 4.1 4.1 4.0 8.0 6.8 7.9 7.4
DataEntry Errors-D 0.8 11 1.0 21 15 2.5 1.0
Numbe of Altitude, Spexd, and Heading 1.1 3.5 5.6 6.4 5.6 5.1 2.4
Changes

Workload  |ATWIT Workload-R 1.8 2.5 2.7 3.5 4.1 3.3 2.1
ATWIT Workload-D 1.6 2.5 2.9 3.5 3.4 2.8 24
Communication Taskload (Number of Air- 12.2 23.8 25.0 34.8 39.2 28.8 194
Ground Communications)

Table B9. Interval Level Data — Sector 38 - Averag
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Construct Measure 1 2 3 4 5
Safety DataBlock Positioning 10.0 15.1 25.7 14.3 13.6
Capacity Aircraft Under Control 11.4 12.6 13.3 7.9 10.0
Performance |Overall DataEntries-R 32.6 46.4 66.8 45.5 47.9
Overall Data Entries-D 5.5 8.8 15.0 9.3 7.8
DataEntry Errors-R 6.0 5.5 8.1 8.9 4.1
DataEntry Errors-D 14 3.5 4.5 2.1 1.9
Numbe of Altitude, Sped, and Heading 5.9 6.6 10.0 4.1 4.5
Changes

Workload  |ATWIT Workload-R 1.7 2.2 2.5 1.7 1.9
ATWIT Workload-D 1.1 1.4 2.2 1.8 1.7
Communication Taskload (Number of Air- 17.7 20.1 31.4 14.6 16.7

Ground Communications)

Table B10. Interval Level Data — Sector 26 — Standard Deviations
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Construct Measure 1 2 3 4 5
Safety Data Bock Positioning 4.62 6.96 13.52 14.57 12.11
Capacity Aircraft UnderControl 3.37 1.16 1.41 1.16 2.78
Performance |Overall DataEntries-R 13.42 18.29 49.55 16.89 28.89
Overall Data Entries-D 411 4.87 20.64 18.50 4.03
DataEntry Errors-R 5.26 4.26 3.94 8.07 6.29
DataEntry Errors-D 1.04 1.13 2.26 0.76 0.46
Numbe of Altitude, Spexd, and Heading 3.07 9.08 3.96 2.25 6.21
Changes

Workload  |ATWIT Workload-R 0.57 0.68 1.08 1.10 1.07
ATWIT Workload-D 0.49 0.65 0.62 0.40 0.61
Communication Taskload (Number of Air- 2.65 6.61 3.55 3.48 9.40

Ground Communications)

Table B11. Interval Level Data — Sector 27 - Standard Deviations
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Construct Measure 1 2 3 4 5 6 7
Safety DataBlock Positioning 2.45 5.85 11.37 3.87 8.95 6.23 7.05
Capacity Aircraft UnderControl 0.83 0.92 1.39 1.55 1.28 1.98 1.28
Performance |Overall DataEntries-R 12.05 7.07 12.35 9.04 23.27 10.82 6.96
OverallDataEntries-D 2.75 8.02 13.66 2.83 8.22 8.75 25.50
DataEntry Errors-R 2.33 3.41 4.21 1.46 6.45 4.57 4.98
DataEntry Errors-D 0.35 2.33 2.72 0.46 4.44 2.42 1.60
Numbe of Altitude, Sped, and Heading 1.13 2.77 4.02 2.60 2.82 5.50 5.93
Changes

Workload  |ATWIT Workload-R 0.43 0.73 0.56 0.64 0.65 0.94 0.84
ATWIT Workload-D 0.53 0.77 0.73 0.43 0.69 1.32 0.91
Communication Taskload (Number of Air- 4.01 5.66 5.03 2.67 8.25 4.36 10.01

Ground Communications)
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Table B12. Interval Level Data — Sector 35 - Standard Deviations

Construct Measure 1 2 3 4 5 6 7
Safety DataBlock Positioning 4.26 8.11 5.50 9.48 8.31 12.28 7.07
Capacity Aircraft UnderControl 1.46 1.46 0.92 1.07 2.62 1.16 1.19
Performance |Overall DataEntries-R 8.05 10.27 6.24 13.47 8.19 10.72 12.46
OverallDataEntries-D 20.50 9.03 7.19 7.77 9.91 7.48 6.36
DataEntry Errors-R 2.53 1.96 1.20 3.12 1.83 2.90 9.18
DataEntry Errors-D 1.16 2.42 1.07 2.70 1.93 2.62 0.76
Numbe of Altitude, Spexd, and Heading 1.13 2.00 4.03 3.02 4.50 3.40 2.13
Changes

Workload  |ATWIT Workload-R 0.73 0.97 1.05 0.87 0.58 0.75 0.71
ATWIT Workload-D 0.68 0.62 0.56 0.66 0.66 0.64 0.51
Communication Taskload (Number of Air- 1.70 4.29 4.28 4.92 8.34 5.48 5.14

Ground Communications)
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Table B13. Interval Level Data — Sector 38 - Standard Deviations

Construct Measure 1 2 3 4 5
Safety DataBlock Positioning 9.29 3.08 7.80 5.77 7.09
Capacity Aircraft UnderControl 421 2.67 1.16 0.99 2.73
Performance|Overall Data Entries-R 18.80 9.21 11.96 18.97 26.13
OverallDataEntries-D 5.55 7.59 15.49 5.73 16.73
Data EntryErrors-R 7.75 2.33 4.45 11.89 3.72
DataEntry Errors-D 1.60 4.14 4.34 1.81 4.12
Numbe of Altitude, Sped, and Heading 2.64 2.07 4.14 1.46 2.39
Changes

Workload  |ATWIT Workload-R 0.58 0.66 1.01 0.54 0.66
ATWIT Workload-D 0.25 0.74 0.99 0.47 0.52
Communication Taskload (Number of Air- 1.81 1.75 5.37 3.28 6.63

Ground Communications)
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AppendixC
Controller Comments

The followingdata represent controllers’ partiafigited responses to then&l Questionnaire,
sections D and EResponses are @amgzed by controller and byach section of the
guestionnaire.

CONTROLLER 1

Section D

1. Displays

Flight Strip Bays

Keyboard

Comments:Flight strip bag inaccessible from R sid&Keyboard keg are too closelgrouped
and fa too sasitive

2. MisreadingHight Progess Strips

Making Entries with Kepoard

Comments:Keyboard keg are too closelgrouped and far too sensitivelumerous reentries.

Section E
Comments: Sstem close to usable but keard and fligt strip bag must be redesiged.

CONTROLLER 2

Section D

1. Displays

Flight Strip Bays

Keyboard

On-screen @Gntrols

Workspace

Comments:Strips are difficult to see and reachhe desig needs to be more user friendly
Keyboard is not intuitive.The keypositions are awkwardlThe numeric keyneed more space
between them and ENTER button should be within eeasgh of numeric kgad to allow one
hand operation without havirig look at the kdyoard. Radar/Map Displaynd on-screen
controls are hard to locatélso, there is not enotagvariation in displayrightness.| sugest
color variations for on-screen contrololume of workspace is cramped and viamyited.

2. MisreadingMap Displayinformation

Making Entries with Kepoard

Adjusting On-sceen Controls

Comments:See question 1 commentslisreadingmap displayseeingon screen controls.

Section E
Comments:The simulations were vestow and not a true test of thessgm. | would have liked
to see amorechdlenging simuldion to test thesystem.



CONTROLLER 3

Section D

1. Flight Strip Bays

Keyboard

On-screen Gntrols

Workspace

Comments:The bag are too far awagind too hig to reach.l found it easier to stop marking
tickets. [For] bays 2, 3, 4, and 5, Wwould have to ¢ out of mychair to mark the ticketsThe
number pads$ notworkabke. The ke are bo close andhe $acelnsertDelete keys need ¢ be
taken out. CRD needs more options for set-Upor example, take out the code list once the
sector has been set-uNot enoudp [work]space for pad of paper.

2. Making Entries with Kepoard

Sdecting Targets with Trackbdl

Adjusting On-sceen Controls

Comments:The keyoard causes me the most probleie wayit is designed forces me to
look at it for everyentry, which distracts me from the radarhe trackball selectingeems to be
to picky. Findingthe[on-saeen control] is too timeconsuming taking my attention avay from
the radar.

Section E
blank

CONTROLLER 4

Section D

1. Flight Strip Bays

Workspace

Other: R functions from D side.

Comments:Flight strip bag inaccessible from R sidéNot enoudp space for writingnaterial

and not enoug space with tracker plggd in. D-side functions verfard to perform from R side
when in one-person configation.

2. Making Entries with Kepoard

Comments:Location of ?* and space ka&yand sensitivityof keyboard.

Section E
blank
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CONTROLLER 5

Section D

1. Displays

Flight Strip Bays

Keyboard

On-screen @Gntrols

Comments:Radar/map displayare too gainy. Map lines need sharper contrabtight strip
bays-curved bottom on 22 baallittle difficult to use Keyboad- Numeic keypad difficult to
locate 8/0, cahbperate blind (ess off), fingers dance off intended kegnd cause double entries
of intended characters andteneous character©n-screen controls—should be able to hide
radar and strobe 1-4 (not utilized}RD should be opaque.

2. Making Entries with Kepoard

Other: Trackball pick/enter

Comments:Keyboard-hittingclear button when wishing use backspace kdyitting two keys
(numeric) instead of one keyrackball pick/enter ket trying to remember which ketp use
when utilizing trackbdl re-route track stunt, ad range bearing fundions.

Section E

Commaents: Overhead ma displgys - Thetwo Pleiglas shets to bemanudly compresseal to
read center portion of chart, otherwise it is blur8grip holders for used strips - if strip is
dropped behind VSCS VMD, malrop within VDM box- possible creating fire haard.

CONTROLLER 6

Section D

1. Flight Strip Bays

Keyboard

Workspace

Other: Strip Bay Lighting

Other: Location of map ligt and strip ligpt controls

Comments:Strip baylighting-too much shadowin{fluorescent is better)Flight strip bag-
curved bays awkward, tickets tend to fall out durisgquencing All lig hting controls should be
within easyreach of a seated R controlldeyboard- keg too sensitive and number lsayeed
to be spread out and isolatéd/orkspace-not enodngroom on the D sideAlso could be more
on R.

2. Making Entries with Kepoard

Comments:Tryingto hit “slant 04 hitting the zero keyvithout lookingor slowingdown.

Section E
blank
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CONTROLLER 7

Section D

1. Flight Strip Bays

Keyboard

Workspace

Other: Light controls

Comments: Fligt strip bag are difficult to reach and have no support for writimget confused
with some keg on keyoard - 0" "Backspace™”clear" and their positions of the kiegard. There
needs to be more workspace at the D positlaghting controls are difficult to reach.

2. Making Entries with Kepoard

Comments:lt is difficult to make most entries without lookiagjthe kefpoard. The key
placenentis very confusng.

Section E
blank

CONTROLLER 8

Section D

1. Keyboard

Trackball

Workspace

Commaents: Thekeyboad is too sasitive | find mysdf making multiple entries dueto inaorrect
inputs, or slow and deliberate inputs to ensure acceptdieeworkspace provided is the
minimum of whatis absoltely necessaryMore workspace wodlbe nore confortable.

2. Making Entries with Kepoard

Comments:Some unfamiliaritywith the keypoard but not muchl had approxnately40+ hours
on it. Keys are too dosetoo sasitive and too smh.

Section E
blank



CONTROLLER 9

Section D

1. Flight Strip Bays

Keyboard

Workspace

Comments:Strip baymakes markindickets difficult, no hand support, and strips are too small.
Keyboard number pad difficult to work wittKeys too close togther. Insert key& Delee key
not needed.Consoles are too cramped.

2. Making Entries with Kepoard

Adjusting On-sceen Controls

Comments:Keyboard number pad error§he brightness controls seem wagand confusing
The master brigtness affects the other bnipess controls too much.

Section E
blank

CONTROLLER 10

Section D

1. Displays

Flight Strip Bays

Keyboard

Trackball

On-screen @Gntrols

Workspace

Other: Strip By Lighting

Comments:Radar and map displayMaps are hard to read: spiral lines of airsvase hard to
tell from map boundaried-light Srip Bays- Too much re-sequencingoo far to reach from D
side. You spend a lot of time with hands above should&eyboard is not user friendly
Fingers slide off kegand hit other key Trackball- cord is too short and too mamyttons. On-
screen controls- There is too much to look foyd are]trying to find one briatness control,
etc. [With the P/D] everyhingisin a separatplace [n the DR it ig] all together.

2. Making Entries with Kepoard

Sdecting Targets with Trackbdl

Adjusting On-sceen Controls

Comments:Keyboard is just a poor desiglt does not appear that atioudit went into this at
all. Keysare not gouped in anyogical fashion.Number pad is awfulThis keypoard matches
no other keoard Ihave ever worked on.

Section E

| dont think these problems were neaaly busyas the origal PVD Baseline - also the data
collection sgtem was chareg from PVD baseline to DSR baseline. (1-4 bies$-7 busy.
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