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Execuive Summary

This reprt descibesthe development and user galuaion of pictorial symbols represating 32
Federal Aviation Administration (FAA) fadlities and services. The potentia users, Airway
Fadlities (AF) system spedalists, evaluated these symbols objedively and subjedively. After
completing the evaluaion and analysis processthe reseachers aeaed arecommended sebf
symbols for AF use.

The development and evaluation process onsisted of aliterature suvey, abrainstorming sessn
involving sbject matter experts (SMES), aredion of software, and afield sudy. The literature
survey provided abags for the development of symbols and the prepaation of evaluaion
procedures. The reseachers designed symbols to represent 32 fadlities and services using
information ganedfrom the literaure suvey and the adrice of SMEs.

Eleven spedalists participated in the symbol evaluation at the FAA Willi am J. Hughes Technicd
Center. Seventeen AF spedalists and manages paticipaedin the ymbol evaluation at Ddlas-
Fort Worth Air Route Traffic Control Center (ARTCC) and Prototype Opeational Control
Center. The groups were similar in age, experience, and education.

The paticipants wee trained on recognition and recdl of the gymbols. Following the training
sessns, the paticipants rated eab symbol’s representation of the fadlity or service, learning
difficulty, and dstinctiveness. The reseachers then condudedreaognition and recdl teging,
recording the number of errorsthe paticipants madefor ead symbol. Finally, the reseachers
colleded «it preference daa usng an Exit Quesionnaire, which letthe paticipants doose a
preferred ymbol from the ymbols developedfor eadt fadlity or service

Thereseach team usedthree citeriato deermine which of the two symbols developedfor each
fadlity and service isbetter. The first seledion criterion was the number of reaognition errors.
The seond sdedion criterion wasthe paticipant ratings of the symbols. The exit preference
data provided the third seledion criterion to differentiate the better symbol if the two other
criteriahadnot made t¢ear which wasthe better symbol.

After evaluaing the gymbols usng the three sé&edion criteria, the reseachers developed a sebf

recommended visual symbols for use in AF displays. Use of these symbols will help standardize
disday interfaces amssthe AF environment.

vii



1. Introduction

The Federa Aviation Administration (FAA) plansto increase the number of Airway Fadlity (AF)
systems remotely monitored and controlled at cetralizedlocaions. Therefore, AF system
spedalists attheselocations mustreagnize and respnd to information about an increasng
number of services and fadlities. This creges aproblem about how to represent the information.
Pesona computer ftware routinely usesvisud symbols to identify software apficaions and
computer functions. The FAA has started to use asmilar approach to represent information
about fadlities and services on computer displays. However, standardized symbols representing
fadlities and services do not currently exist. Ladk of standardization may cause AF spedalists to
encounter dfferent symbols representing the sane objector the same symbol represeiting
different objeds. Furthermore, it may increaseime to lean the gymbols and increasethe
possbility of error in interpreting the symbols. The adoption of standardized symbols that have
been evaluated for usability would alleviate these problems, thereby improving human
performance.

1.1 Backgiound

The development and assessent of AF symbols began in 1994. hitially FAA psychologists, AF
consultants, and human fadors personnel developed symbols for AF. Phase | of thiswork
represated afirst gepin an effort to develop a seof sandard symbols for usethroughout AF,
resuting in alitergure review of the human fadors litergure on visud and audtory symbols
(Duncanson, 1994). Pase |l eauated a sebf 121 ymbols resiting in a reommended ymbol
setof 38 pctoria symbols for AF use (Duncanson et d., 1996).This reprt is a ©ntinuation of
the work presented in the initial two reports, looking at 32 symbols representing fadli ties and
savicesnot represaitedin the Fhasell study.

1.2 Pupose ad Rdionale

The projed purpose was to develop, evaluate, and recommend symbols based on their suitability
to supprt computer-human interface regirements within the AF domain.

2. Method

This setion explains the development process, ealuaion techniques, ad the formulation of
evaluation criteriafor this pojed.

2.1 Participants

The paticipantsincluded gstem spedcalists and manages from several FAA regons. They
included 11AF system spedalists who visitedthe FAA Reseech Development and Human
Fadors Laboratory at the FAA William J. Hughes Technicd Center. Seventeen AF spedalists
and manages from the DdlasFort Worth Air Route Traffic Control Center (ARTCC) and
Prototype Opeational Control Center (POCC) paticipatedin the symbol evaluaion at their
locaion. The researgers dvidedthe 28 paticipantsinto two groupsof 14. Ead group
evaluated one of two sets of symbols (referred to as Group A and Group B) for fadlities and



services. The groups were similar in experience, age, and educaion. The reseachers briefed all
patticipants on the purpseof the gudy and the confidentiality of the test déa. All paticipants
gave an oral accepancefor paticipating in the gudy.

2.2 Appardus

The researtcteam developed a sftwaretool to supprt daa olledion, training, and teding for
the yymbol reseach. The ftware preseted gayscde yymbolsthat wae.5in. x .5 in. squae
(51 pxelsx 51pxels). The yymbols were presgedon aToshibaTECRA 720CDTlaptop with a
.28 mm. dot pitch and a reslution of 1028x 1028.

2.3 Procedure

2.3.1 Symbol Development

Former FAA AF employees seved as shject matter experts (SMES) and assstedthe reseach
tean in identifying symbols requring development. The tean reviewed preioudy developed
symbols and identified AF fadlities and services requiring new or enhanced symbols. Because
some fadli ties have similar functions, the SM Es recommended developing one symbol to
represent groups of fadlities (e.g., combining visual aid fadlities into acommon symbol).
Appendix A descibesthese ombined ymbols.

The reseach team reviewedindudry and government documents to provide abags for symbol
development and evaluation adivities. The literature seach revededthat brainstorming sesgns
are usedrequently to develop symbols for apgicaions (Ciist & Aurdio, 199Q Howard,
O'Boyle, Eagman, Andre,& Motoyama, 1991 Microsoft, 1995). The reseainctean deddedto
adopt the sane appoad for the development of symbols for this gudy.

SME expettise,literdure suvey insights, and the Guidelinesfor Developing Symbols iirway
Facilities by Ramakrishnan, Cranston, and Grayson (1997) ontributedto the brainstorming
sesfons. The reseachers deived ymbols through the adption or modification of existing
symbols or through the brainstorming sessns. They desgned and modified ymbols sothat the
symbols either had aphysicd resemblance to or an asociation with the adual fadlity or service
they represented or depicted a lunctional asped of the fadlity or service represented. The
developes dandardizedthe representation of clouds, a@craft, control towers, ARTCC buildings,
and borders used \ithin the symbols. The reseachers developedtwo symbols for ead facility or
service except the airport and regional fadlities, for which only one symbol ead was deeloped.
Pilot sudieshadindicatedthat the symbols for Airport and Regon were accejable and thus
stbmitted eab one to teging without an dternative.

2.3.2 Training

The paticipants leanedthe symbols usng first recognition and then recdl training. Reognition
training began with abriefing on the feaures of the symbol. Using atask smilar to a multiple
choice test, aparticipant viewed a fdlity or service name on the screen with five randomly
positioned ymbols (one target ymbol and four distrader gymbols; seeFigure 1). The
participant’ s task was to click on the symbol representing the named fadlity or service The

2



participant continued to click on the symbols until he/she picked the correct symbol. Once a
participant picked the correct symbol, the facility/service name and the correct symbol remained
on the screen for 3 seconds to reinforce the learning process. The researchers considered this
symbol identification process to be one cycle of testing for analysis purposes. The task of
recognizing the correct symbol continued until the participant identified each symbol correctly on
two consecutive cycles.

I et Aberis Boadkar Ciaaad

Figure 1. Computer display used for recognition training.

The participants then took part in recall training (see Figure 2). Each participant orally recalled
the name of the facility or service when presented with its respective symbol. The researchers
provided the participant with the correct name for the facility or serviceesftér response and
recorded any errors made in remembering the facility or service name. Presentation order of the
symbols was randomized to prevent order effects. The symbol presentation continued until the
participant correctly recalled the complete name of the facility or service represented by the
symbol on two consecutive cycles. The researchers considered training complete when the
participants successfully completed the recognition and recall tasks for all the symbols.

& Vel Tremes
L

Figure 2. Computer display used to collect recall data.



2.3.3 Symbol Evaluation

Researchers have used both objective and subjective methods to assess symbol quality. Kaufmann
and Eaton (1994) employed user preference to study symbols for a marine navigation electronic
chart display and information system. Researchers such as Whitaker (1985) and Kirkpatrick,

Dutra, Heasly, Granda, and Vingelis (1992) used accuracy and speed as objective indicators of
symbol goodness. Blackwell and Cuomo (1991) used search time and errors as variables on a
space and missile warning symbol set. Green and Pew (1978), Kantowitz and Sorkin (1983), and
Aurelio and Crist (1990) constructed confusion matrices based on error data. Other symbol
evaluation techniques have included using focus groups and usability assessments.

The research team for this study decided to use a combination of recall and recognition testing,
subjective ratings, and user preference to evaluate the quality of the symbols. They began the
study by collecting biographical information about the participants and data related to participant
familiarity with each fatity and service. The researchers preseetsth participant with a brief
introduction to all the symbols. They discussed how the symbol represented the actual facility or
service, functions depicted, and associative relationships of the symbol components. The
participants were asked to rate their familiarity with the associated facility or service on a scale of
1 (not familiar) to 7 (high familiarity). Figure 3 presents the computer display used to collect
familiarity data.
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Figure 3 Computer display used to collect familiarity data.

The participants were then trained with the different symbols as described in Section 2.3.2.
Following the training sessions, the researchers collected ratings on how well each symbol
represented a facility or service, its learning difficulty, and how easily it could be confused with
other symbols. The rating scales ranged from one to seven with a rating of seven indicating the
symbol was an excellent representation, very easy to learn, and not confusing with other symbols
(see Appendix B for an example).



After the ratings data collection, participants took a 10-minute break to minimize some of the
short memory storage that would have occurred if testing had immediately followed. The symbol
testing followed the break.

The researchers used a multiple choice recognition task to test the ability of the participants to
recognize each symbol. The test process wakisto the recognition training except there were
16 multiple choices (see Figure 4). The researchers used 16 symbol choices because the AF
SMEs thought that a typical operational display reflecting degraded or out-of-service facilities
might contain approximately 16 different symbols. The software immediately moved to the next
test symbol after selection of a correct symbol. Testing continued until participants correctly
identified each symbol twice consecutively.

5wt e
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Figure 4. Computer display of recognition testing.

Before recall testing, researchers instructed that accuracy was the most important consideration
when recalling symbol names.eéall testing repeated the training recall step with trials

continuing until the participants recalled the full name of each symbol correctly. The researcher
recorded a participant’s response even if erroneous.

The paper and pencil Exit Questionnaire provided participants with an opportunity to select
between two symbols, express opinions, and identify preferred symbol characteristics (see
Appendix C). The participants were given a randomized sheet of Group A and Group B symbols.
The symbol selection exercise asked participants to indicate a preference for either the symbol
their group had learned or the symbol that had been learned by the other group.



3. Reslts

3.1 Subjedive Rding

Table 1 shows that Representation (how well the symbol represented the servicefadlity),
Difficulty (how difficult the symbol wasto lean), and Distinctiveness(how eadly the target
symbol was onfused vith other symbols) were dl highly correlated. Therefore, the reseachers
averagedthe threeratingsto aeae a ®mposite rating for eat symbol.

Table 1. Regesson Analysis Reslis

Representaton | Diffic ulty | Distinctiveness

Representation 1.000 - -
Difficulty To Learn 0.836 1.000 -
Distinctiveness 0.845 0.826 1.000

3.2 Symbol Seledion

Table 2 1ows the symbol sdedion basedon the three citeria of errors, averagerating, and exit
preference. The number of recognition errors wasthe first aiterion usedfor sdeding between
two symbols'. When reagnition errors dd not cleaty depict abetter symbol, the researters
used a semnd aiterion basedon the averagerating of subjedive ymbol qudities. The reseachers
set & averagerating of 3 or less ashe failure aiterion for a ymbol. Basedon this aiterion,
symbols with an averagerating of 3 or less ae deéerminedto be too poor representations, too
difficult to lean, or too confusdle to be uséul in the field. Symbol preerence washe third
criterion used to seled between highly similar symbols. This preference variable represented the
participants preference between the two choices for a fadlity or service The number in the user
preference olumn indicaesthe number of paticipants who preferredthe symbol. Totals of less
than 28 occuredfor some gymbols because @me paticipants dd not express a peference.

! The researchers initially considered recall datafor analysis purposes until discovering that long, difficult, or
unfamiliar names resulted in errors that had little to do with how well the symbol represented the serviceor
facility. As anexampl, the Weather Message Switching Center Replacement (WM SCR) symbol had treeand
four recall errors respedively but no reaognition errors. Therefore, they eiminated reall errors from the final
analysis.



Table 2. Symbol Selection

Group A Group B
Facility/Service | Symbol RecognitionAverage User Symbol | Recognition Average User
Errors Rating | Preference Errors Rating | Preference
Automated Flight [|¢™ mge 0 5.57 12 ET et 0 5.74 16
Service Station Nl (SD=1.59) 4 (SD=1.42)
(AFSS) : [Has
Air Ground 0 5.90 6 - 0 5.90 21*
Communications I I (SD=1.28) T"’ “‘“T (SD=1.25)
Facilities (AGCF) (|1 Ll [ ol
Airport i 0 6.21 N/A
L4 (SD=1.36)

Automated Radar i'm] 7 4.21 13 3 5.21 14
Terminal System (SD=1.85) i | (SD=2.01)
(ARTS) =
Airport Surveillancg 3 4.86 16 1 5.36 12
Radar (ASR) E (SD=1.84) E (SD=1.70)
Air Traffic Control 0 4.14 6 e 1 4.50 20*
Beacon Interrogata (SD=2.04) E (SD=1.42)
(ATCBI) il 3
Automated Weathd| 2 5.35 12 N 1 4.98 16
Observation Syster (SD=1.53) (SD=1.69)
(AWOS)/ wtli®
Automated Surface
Observing System
(ASOS)
Central Computer 2 4.76 8 m| 0 5.26 19*
Complex Host HH Ao (SD=1.53) HH (SD=2.00)
(CCCH) I
Computer Display 4 4.48 12 3 4.52 13
channel cpc)y || TEEL (SD=1.65) 0 (SD=1.91)
Display Channel Eﬁ]
Complex (DCC)
Direct Access Rad§ 1 5.07 13 2 4.59 13
Channel (DARC) || 02, (SD=1.68) s (SD=1.70)

5 08, = o
Direction Finder 0 6.33 15 0 5.86 11
(DF) “:ﬁf” (SD=0.84) Qiﬁ (SD=1.19)
Distance Measurin 2 5.95 19* 1 5.45 8
Equipment (DME) (SD=0.89) Q (SD=1.48)
Environmental LY 0 6.43 19 1 6.45 8
Systems (EVS) ﬂ = (SD=1.16) (SD=0.64)

1




Group A Group B
Facility/Service | Symbol RecognitionAverage User Symbol | Recognition Average User
Errors Rating | Preference Errors Rating | Preference

LORAN C Monitor [[ =% 1 5.02* 14 = 2 4.14 13
(LRNCM) [\ r [\ (SD=0.83) nﬂ,@ A (SD=1.75),
Markers 0* 6.21 18* ] 4 5.81 9

@ (SD=0.99) (SD=1.59)
Microwave I 0 6.50* 11 i 0 5.76 16
Communications (SD=0.62) H“’ "ﬂ (SD=1.24)
Systems (MCS)
Maintenance 0 4.74 14 1 3.83 13
Processing System| “= 0] (SD=1.60) '{Dc (SD=1.79)
(MPS) 0 e
National Air Space 0 6.33* 11 1 5.19 16
Data Interchange || (SD=0.70) e (SD=1.90)
Network (NADIN)
Non-Directional 1 5.67 19* 1 5.07 8
Beacon (NDB) I (SD=1.42) o (SD=2.09)
Locator Outer
Marker (LOM)
Oceanic Display o, 0 5.83 10 0 5.71 17
and Planning || 5€ ¢ (SD=1.03) !;..;..«"i (SD=1.48)
System (ODAPS) |## 13
Precision Approachy 0 6.40 17 = 2 5.88 11
Radar (PAR) 5a (SD=0.82) :}/“4 (SD=0.99)
Precision Runway |[===1~- 0 5.04 19* 0 4.67 7
Monitor (PRM) O« (SD=0.87) T, % (SD=1.55)

[ R ‘3\%7
Radar Data Servicf S 5 4.64 11 S 4 5.21 16
(RDAT) (SD=1.49) (SD=1.55)

=) 5
Region 0 6.81 N/A

oy (SD=0.34)

Tactical Air 3 5.21 13 0* 5.78 14
Navigation at VOR r é (SD=1.74) J%, (SD=1.34)
(TACR)
Terminal 5 14 4.00 5 5 6 5.60* 21*
Automated Radar || B (SD=1.72) iy (SD=1.19)
Service (TARS) %
Terminal Radar 16 4.83 5 2% 5.62 21*
Approach Control @ (SD=1.88) @ (SD=1.50)
(TRACON)
Terminal Radar 5 5 4.90 6 5 3 5.36 20%
Service (TRAD) E_ (SD=1.89) E (SD=1.71)




Group A Group B
Facility/Service | Symbd |Recognition| Average User Symbd |Recognition| Average User
Errors Rating | Preference Errors Rating | Preference
Telecommunication 2 6.07* 17 4 5.00 9
s Systems (T'S) (SD=133) (SD=147)
Viswal Aids (VA) 0 6.52* 13 0 5.59 13
(SD=087) (SD=141)
Voice §stems (VS)|| g 0 5.88 13 0 5.33 14
N (SD=136) (SD=148)
55
Weather Messge |[ 0 4.52 12 0 4.69 14
Switching Center iww fora (SD=157) (SD=152)
Replacement 2
(WMSCR)

The Reaognition Errors column in Table 2 shows the total number of recognition errors summed
over dl paticipantsin that goup. The Average Réing column shows the means and gandard
deviations of the rating daa over dl the paticipantsin a goup. Asterisks d@ote gatistical
significancefor Average Réing and Reognition Errors atp < .10 (fudet’s tted). For user
preference, aserisks deote gatisticd sgnificancefor that gymbol atp < .05 (Fisher’'s Exact

Probabili ty test).

There wasio predéned maximum number of errors éove which a ymbol would have been

deamed waccepable. Therefore, the reseachers looked atthe relative number of errors between
the two groups rather than the absolute number of errors to determine which was the better of the
two symbols.

All of the ymbols exceededhe aiteriafor an averagerating of 3 or better, implying that,
although some of the gymbols ae preferable to others, ay of the developed ymbols ae
accepable for use.Where more than one of the aiterion for a paticular ymbol was satisticaly
significant, the gatisticaly sgnificant criteria were in agreament asto which symbol wasbetter.
For 11 of the services/fadlities, there was no statisticd signifi cance between the two alternative
symbols for any of the threemeasues.For these cases, SB& wae askedo makethe final
dedsion on which symbols should be included in the recommended symbol set.

The Airport and Region fadlities had only one developed symbol ead. Both of these gmbols
hadno erors and sibjedive rding daa raedthem highly.

3.3 Participant Comments and Resulting Symbol M odifi cations

The Exit Quesionnaire askedhe paticipants for suggesons on how to improve the symbols.
This setion of the rert summarizesthe main resuts of these suggem®ns.

In developing the candidate symbols, the SMEs and reseachers had combined similar fadlities
into asingle symbol to reduce potential symbol clutter for high level operations such as an



operational control center (OCC) dspay. For example, a Maker symbol reflededthe Fan
Marker (FM), Inner Marker (IM), Midde Marker (MM), and Ouer Marker (OM). Thetest
participants frequently commented that the grouped symbols were nore diffi cult to recdl.
Eventudly, consolidated goups sub asmarkers and visud aidsmay requre spedic symbols
represeaiting spedic equpment to accessower level menus.

The paticipants recommended $andardizing symbol components sut astower sadng and
antenna $apes. Paicipants ommentedthat symbols sud asTARS, TRAD, ARTS, and ASR
were diffi cult to learn due to their similarity with other symbols. They suggesedthe addtion of
an“s” to the TARS and TRAD symbols to reducethe confuson fador for sevicerelated yymbols
by making them uniqueto the sevice caegory.

4. Conclugon

The reslts of the dda analysis suggesthat the 32visud symbols presatedin Table 3 are
effedive for representing services and fadli ties on AF displays. System designers can use these
symbolsto gandardize the AF environment. Evaluatedby potential uses, they are likely to
perform well in future AF environments.

This gudy did not addessthe issueof symbol sze.Additiona reseach may be neededo
determine the optimal symbol size. In future operational displays, users may neeal to adjust
symbol szesto acommodate large quatitiesof daa. It will be necessey to ascetain that the
symbols ae not too gmall for the viewing distance. Future reseach could spedy the minimum
recommended ymbol sze. In addtion, future reseach could deermine the optimal sze
necessey to minimize g/edrain and to acommodae uses with vision limitations.
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Table 3. Recommended Symbol Set

a
L. ¥

Acronym Recommended Acronym Recommended
AFSS Y (consolidated facilities) ot
Automated Flight Service "'lX-F AGCE P
Station (e Air Ground T I__ELlT
Communications
Facilities
AIRPORT ARTS
Airport ) f Automated Radar Terming i'm]
System
ASR ATCBI
Airport Surveillance Radar Air Traffic Control Beacon i
Interrogator §
(consolidated facilities) * CCCH
AWOS/ASOS Central Co:"nopsttjter Comple
Automated Weather Observir ol [HE -
System/ Automated Surface
Observing System
(consolidated facilities) DARC e
cDc/DCC |||Ei ] Direct Access Radar =
"u
Computer Display Channel - ] Channel Eﬁﬂﬂ
Display Channel Complex
DF DME
Direction Finder Distance Measuring
Equipment
EVS w LRNCM - o
Environmental Systems u — Long Range Navigation C [\ [\
Monitor r

(consolidated facilities)

(consolidated facilities)

MARKERS MCS
Microwave
Communications Systems
MPS NADIN
Maintenance Processing EH;L National Airspace Data EE H%
System Interchange Network
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Acronym

Recommended

Acronym

Recommended

(consolidated facilities)

NDB/LOM
Non Directional Beacon /
Locator Outer Marker

[l

ODAPS
Oceanic Display And
Planning System

PAR
Precision Approach Radar

55

PRM
Precision Runway Monitor

RDAT % REGION
Radar Data Service oy Regions
TACR (modified)
Tactical _A_lr Nz;wganon at TARS
VHF Omidirectional Range .
(VOR) Terminal Automated Rada
Service
TRACON (modified)
Terminal Radar Approach TRAD
Control

Terminal Radar Service

(consolidated facilities)

(consolidated facilities)

TS VA
Telecommunications Systemis Visual Aids
(consolidated facilities) WMSCR

VS
Voice Systems

A

Weather Message Switchin
Center Replacement

ot i

pahi
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AF
AFSS
AGCF
ARTCC
ARTS
ASOS
ASR
ATCBI
AWOS
CCCH
CDC
DARC
DCC
DF
DME
EVS
FAA
FM

IM
LOM
LRNCM
MCS
MM
MPS
NADIN
NDB
OcCC
ODAPS
OM
PAR
POCC
PRM
RDAT
SME
TACR
TARS
TRACON
TRAD
TS

VA
VOR
VS
WMSCR

Acronyms

Airway Fadlities

Automated Flight Service Station

Air Ground Communications Fadlities
Air Route Traffic Control Center
Automated Radar Terminal System
Automated Suface useving System
Airport Surveill ance Radar

Air Traffic Control Beaon Interrogaor
Automated Weaher Cbsavation System
Central Computer Complex Host
Computer Dispay Chanrel

Direct Access Radart@nnrel

Display Channel Complex

Diredion Finder

Distance Measung Equipment
Environmental Systems

Federal Aviation Administration

Fan Marker

Inner Marker

Locaor Outer Maker

LORAN C Monitor

Microwave Communicaions Systems
Middle Maker

Maintenance Rocessng System
National Airspace Dt Interdhange Nework
Non-Diredional Bea®n

Operations Control Center

Oceanic Dispay and Hanning System
Outer Marker

Predsion Approach Radar

Prototype Opeations Control Center
Predsion Runway Monitor

Radar D&a Sevice

Subject Mdter Expert

Tadicd Air Navigaion at VOR
Terminal Automated Radar Service
Temina RadarApproadc Control
Terminal Radar Service
Telemmmunicaions Systems

Visud Aids

Very High Frequaicy Omnidiredional Range
Voice Sstems

Wedher Message Siching Center Repacement
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Appendix A
Combined Facility Symbols

Individual Facilities

Combined Facility

Backup Emergency Communications (BUEC), Remote Communicatio
Air/Ground (RCAG), Remote Communications Outlet (RCO), and Ren
Transmitter/Rceiver (RTR)

hair/Ground
h@emmunications

Facilities (AGCF)

Air Traffic Control Radar Beacon (ATCRB), and Mode-S

ATCRB/MODES

Automated Weather Observing System (AWOS) and Automated Surfa
Observing System (ASOS)

1ICRWOS/ASOS

Computer Display Channel (CDC) and Display Channel Complex (D(Q

C)

CDC/DCC

Central Control Monitoring Systems (CCMS) and Environmental Rem|
Maintenance Systems (ERMS)

otenvironmental Systems

(EVS)

Fan Marker (FM), Inner Marker (IM), Middle Marker (MM), and Outer
Marker (OM)

Markers (MARKER)

Radio Communications Link Repeater (RCLR), Radio Communication
Link Terminal (RCLT), Radar Microwave Link Repeater (RMLT), Rada
Microwave Link Terminal (RMLT), Television Microwave Link Repeate
(TMLT), Television Microwave Link Transmitter (TMLT), and Televisig
Microwave Link Indicator (TMLI)

S
18
r
n

Microwave
Communications
Systems (MCS)

Non-Directional Beacon (NDB) and Locator Outer Marker (LOM)

NDB/LOM

Data Multiplexing Network DMN) and Leased Interfdity NAS
Communications Systems (LINCS)

Telecommunications
Systems (TS)

Approach Light System (ALS), Medium Intensity ALS (MALS), Precisi
Approach Path Indicator (PAPI), Runway End Identification Lights
(REIL), Visual Approach Slope Indicator (VASI), and MALS with
Runway Alignment Indicator Light (MALSR)

ivisual Aids (VA)

Integrated Communications Switching System (ICSS) and Voice

Switching and Control System (VSCS)

Voice Systems (VS)
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Appendix B
Subjective Data Collection Sample Screen

M. Subjective Questionnaire - [Evaluation of Symbolz]
bl

Precision Runway Monitor

How well do you think that this symbol represents
e Facility/Service it stands for 7

[How difficult do you think that this Symbol will be

for an AF personnel to learn ?

[How Confiusable do you think that this Symbol is, in
e presence of other Symbols 7




Appendix C
Exit Questionnaire

Name:
User ID:
Date:

1. Did you find the entire testing process to be mentally demanding?

2. Do you think there were too many symbols to learn or could you have learned a few more?

3. What do you think of the methods of training? Do you have any suggestions for
improvement?
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4. Isthere any particular symbol you dislike? If yes, do have any suggestions for
improvement?

5.  Can you circle the symbol you prefer for eaclilifiaor service (out of the two
alternatives), on the attached sheets?
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Note: The following symbols are organized by group. During testing they were randomly
presented. Changes and modifications were made to some of the symbols so the recommended
symbol

Group A Group B

=4
Airport
il ET et
N v
arss L o
'|' '|' T
AGCF = Il
= a|
ARTS i
ASR E E

e
.
o

ATCBI il %
AWOS [ o

S L I 1

C-3



CDC

DARC

DF

DME

EVS

LRNCM

MARKERS

MCS

MPS

bz

—cx

ali

B

—

e

—
——

)

ot

n
—
—

Wmmm

0

=t
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NADIN

NDB

ODAPS

PAR

PRM

RDAT

REGIONS

TACR

TARS
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<

Q

TRACON

TRAD

TS

VA

VS
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