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1. Introduction 

This document presentsa general methodology for developing symbols and provides guidelines 
for designing effective symbols for use in the Airway Facilities (AF) environment. These 
guidelines representa compilation of the most important items to consider when developing 
visual or auditory symbols. In addition, they presentexamplesof symbol-coding techniques and 
some of the underlying rationale. 

1.1 Background 

Symbolusehasbecomehighly prevalentwith thearrivalof computerdisplays. GraphicalUser 
Interfaces(GUIs) oftenutilize symbolsto aid in the selectionof files andprograms. 
Operationalenvironmentsusesymbolsto displaysystemstatussuchasalarmsandalerts. 
Well-designedsymbolsaid in itemrecognition.areeasierto recognize.andoftenrequireless 
spacethanwords. Poorlydesignedsymbolsfosterconfusionandcancausecostly 
identificationerrors. 

1.2 Objective 

Theobjectiveof this documentis to presenta general,systematicmethodologyfor developing 
symbolsthatwill resultin aneffectivehuman-machineinterface.Conformanceto these 
guidelineswill helpmakestatussymbolsmoreeffectivein alertingthe userto system 
degradationor failure. Symbolrequirementsareusuallydrivenby 

a. a needto representnewfacilities,equipment,or services; 

b. a needto includeadditionalvisual,auditory,or othercodingtechniques;and 

c. a majorchangein thepurpose,scope,or policy concerninginformationdisplay. 

2. The SvmbolDeveloumentProcess 

The symbol development processbegins with a requirementand continues through four phases. 

a. Phase1 -Problem Definition 

b. Phase2 -Technical Preparation 

c. Phase3 -Design of CandidateSymbols 

d. Phase4 -Test and Evaluation 

Eachphasewill usetheproductsof thepreviousphase.Figure1 presentsan overviewof the 

symboldevelopmentprocess. 
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Figure 1. Symboldevelopmentphases. 



2.1 Phase1 -Problem Definition 

The first phaseof the symboldevelopmentprocessincludesthefollowing two activities. 

Scone Definition identifies the systemsand types of infoffilation requiring a symbol. Ideally, 
symbols in need of developmentare evident from requirementsdocuments or system 
specifications. Project documentation often describessystemrequirements, usertasks, status 
requirements, job task analyses,and operational concepts. This documentation noffilally 
identifies requirements for the developmentof symbols. 

Scope definition provides the following for resourceplanning: 

a. information to be representedby the new symbols, 

b. symbol types to be developed,and 

c. number of symbols to be developed. 

ResourcePlanningidentifiestheresourcesnecessaryto implementtheentiresymbol 
developmentprocess.Developmentplanningwill determinethe amountsof money,time, and 
personnelthatareneeded.The availabilityof computers,software,andtestpersonnelwill 
impactthe durationof the developmenteffort. Necessaryresourcerequirementsareessential 
to effectivesymboldevelopment. 

2.2 Phase2 -Technical Preparation 

Typically,thetechnicalpreparationphaseincludesfive activities. 

LiteratureReviewshouldbeconductedto assessthevariouscodingtechniquesthatare 
beneficialto symboldesign.This guidelinedocument,military humanfactorshandbooks,and 
systemspecificationscontaindesignguidelinesorrequirements.A reviewof the appropriate 
FAA systemspecificationwill identify anyuniquesymbolrequirement(s). 

Analysisof Similar Systemswill familiarizedesignerswith currentsymbolusage.This 
analysiswill helpthe designerincorporateattributesthatwill makethe symbolcompliantwith 
acceptedguidelinesandpractices. 

TechnicalFeasibilityexploresthe capabilitiesof computersystemsto supportthe desiredlevel 
of symbolcomplexity. 

Analysisof TargetUsersdescribesthetargeteduserpopulationandtheircharacteristicsthat 
mayaffectsymboldesign,suchashearing,vision, colorperception,andfamiliarity with the 
objectsor conceptsbeingsymbolized.This analysiswill likely identify training andtest 
considerations. 

EnvironmentalAnalysisdescribesthe ambientenvironmentalcharacteristics.Ambientlighting 
andnoiselevelswill affectthecodingtechniquesthatthe developermightuse. 
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2.3 Phase3 -Design of Symbol Candidates 

This phaseresultsin the developmentof candidatesymbols.The developershouldusethe 
informationgainedfromthetechnicalpreparationphaseandfrom Section3 of this symbol 
developmentguidelinefor thebasisof symboldesign.Requirementsandoperational 
considerationsdrive symboldesign.To createoptimumsymbols,the developershoulddesign 
severalcandidatesymbolsfor eachfacility, equipment,or service. 

2.4 Phase4 -Test and Evaluation 

Test and Evaluation (T&E) is important to the implementation of symbols. Symbol candidates 
designed in Phase3 will be evaluated for suitability and performance. If symbol candidatesfail 
to provide acceptableperformance, symbols and coding techniques must be reconsideredand 
reevaluated. 

T&E beginswith the developmentof a testplan. The testplanwill identify testresources, 
presentscheduleinformation,identify datacollectionandanalysisrequirements,andpresent 
detailedtestprocedures. 

A pilot testwill helpdeterminethepotentialacceptabilityandusabilityof the symbol 
candidatesandthe testprocedures.Thepilot testwill determineif thecandidatesymbols 
requireredesignor if the testproceduresrequiremodification. 

Fonnaltestingshouldinvolveparticipantsfromtheanticipateduserpopulation. Dataanalysis 
will detennineif the symbolis acceptable. 

3. DesignGuidelines 

The decisionto usevisual symbols,auditorydisplays,or artificial speechwill dependonthe 
natureof the infonnation,operationalconditions,anduserrequirements.Table1 providesa list 
of questionsthatwill helpdetenninethevisual or auditoryapplication. 

3.1 Visual Coding 

Thereareseveralwaysof codingvisualsymbols. Althoughdefinitiveruleshavenot been 
developedfor everysituation,symbolcodingwill oftendependonthe displayandamountof 
informationto bepresented.Thefollowing guidelineshavebeenformulatedfrom studiesand 
experiencegainedfrom developingandusingsymbols. 

a. Alphanumerics(to codenumerouscategoriesof quantitativeinformation) 

The amount of information conveyedthrough letters and numbers is unlimited. 
Meaningfully grouped letters and numbers result in efficient use of memory. Place letters 
together to form words, and group numbersto enhancereading and recall. 
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Table 1. QuestionsRelatedto SensoryMode 
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b. Shapes(to codediscretecategoriesof static,qualitativeinfonnation) 

Usegeometric-shapedcodingto representstaticinformation. Useshapechangesto 
representcategorydifferences.Generally,usefive shapesor lessfor a symbolset. Few 
shapeshaveinherentor stereotypicalmeanings. 

c. Lines(lengthanddirectionto codemagnitude,orientation,or deviations) 

Use varying types of lines to best portray complex information involving magnitude, 
orientation, or direction. 

d. Pictorials(to codecomplexconcepts,relationships,andentities) 

Pictorialsarecomprehensive, thatarenormallyusedfor static,graphicalrepresentations 
dynamic,qualitative,or quantitativeinformation. Pictorialsfosterfastassociationand 
enableusersto quickly monitoror analyzedata. Graphicpresentationsrely heavily on 
associativemeaningto presentlargevolumesof information. 

e. Icons (to code a large number of static, qualitative categoriesof infonnation) 

Visual icons are symbols with pictographic representationsof objects. Icons differ from 
true pictures in that they provide only skeletal representationof static and qualitative 
information. 

f. Color (to showrelationshipsor directuserattentionto qualitativeinformation) 

Color is one of the simplest and most common methods of coding visual information. Use 
it to representqualitative information. When dataare dispersedon a display, color coding 
should show the relationship betweenitems in the samecategory. Experience and 
tradition have provided certain color cultural stereotypes. These stereotypesaid in 
learning and retention of new symbols. Becauseof ambient light effects, individual user 
deficiencies, and the needto view color within 30 degreesof the line of sight, color should 
not be the primary coding technique. Use color coding as a secondaryredundant coding 
technique. People seethe samecolor wavelength but call it different things. Optimum 
color coding should employ lessthan sevencolors. 

g. Highlighting (to directuserattentionto qualitativeandquantitativeinformation) 

Highlighting is a visualcodingmethoddesignedto attractuserattentionto a particular 
symbol ona display. Highlightingincludesforeground/backgroundcontrasting,blocking, 
bolding,andusingfonts. Highlighting canbeusedto codealmostanytype of 
information. However,usehighlighting sparinglyandconsistentlyin an applicationfor 
maximumeffectiveness. 
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h. Flashcoding(to directuserattention) 

Use flash coding to direct user attentionto a specific symbol or to a limited number of 
items. Individual flash rateshave little or no absolutemeaning but do have relative 
meaning associatedwith relative differences (i.e., fasterblink rate to indicate increasing 
urgency). Flashing reduces legibility and can impact size and shapecoding. Although 
users can identify four flash rates, ideally do not use more than two flash rates. 

Size (to show relationships betweenqualitative and quantitative information) 

Use size to code either qualitative or quantitative infomlation. Sizecoding should be used 
sparingly due to spacerequirementsnecessaryto supportthis type of coding. Users 
nomlally make poor judgments aboutabsolute size but can readily comprehendrelative 
relationships between dataitems. The number of different sizesused as codes should not 
exceedthree. 

3.1.1 AIQhanumeric 

3.1.1.1 Confusion 

Confusionoccasionallyoccursbetweencertainlettersandnumbers,suchas0 and0 or Z and2 
in a symbolor icon. Usethesecharacterssparinglyor carefullydifferentiatebetweenthem. See 
Figure2 for discernibilityin the presentationof lettersandnumbers. 

Ensurediscernibilityof lettersandnumbers. 

Figure2. Letterandnumberdiscernibility. 
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3.1.1.2 StrinesandChunking 

Typically, a personwill remembera stringof charactersequalto seven,:t two. 

Limit the numberof characterswhenalphanumericcodesareabstract. 

The three-to-fourchunkingmethodusedwith telephonenumbers(456-3434)is the most 
familiar. No chunking(AGHJYTE)or poorchunking(complex1-5-1 (A-GHJYT-E) pattern) 
makerememberingdifficult. SeeFigure3 for informationchunking. 

Use three-to-fourcharacterchunkingfor largegroupsof text or numbers. 

Figure 3. Information chunking. 

3.1.1.3 Grou~ing 

Groupingsimilar itemsimproveslearningandretention. Searchingor reviewing information 
requireslesseffort whengroupingsimilar items. SeeFigure4 for informationgrouping. 

Groupletterswith lettersandnumberswith numbers. 

Figure4. Groupinginformation. 

3.1.1.4 Sl2ecializedFontsandFontStyles 

Specializedfontsandfont stylescanreducethe legibility of lettersandnumbers.The samefont, 
style,andcaseallow easierreadingandunderstandingof singlewords. SeeFigure5 regarding 
the importanceof using consistentfont, style,andcase. 
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Use block (sansserif) stylelettersandnumbers. 

Displaylettersandnumbersin a consistentfont, style,andcase. 

Figure 5. Consistent fonts, styles, and cases. 

3.1.1.5 SizeandSllacing 

Eachcharactershouldbeof sufficientsizeandclarityto beperceivedseparatelyin the expected 
operationalenvironment.Sizeandspacecharactersprojectedona screenfor viewersto seethem 
atthe maximumexpectedviewing distance. 

Uselargelettersandnumbersfor visual searchtasksandtasksinvolving projected 
materialor large-screendisplays. Minimumrecommendedcharacterheightis 1/200of 
viewing distance. 

Adequatelyspaceeachcharacterandline to enablethe viewerto distinguishonefrom another. 
This will ensmeclearreadingfrom an optimumreadingdistance. 

Use characterspacingthatis at least10percentof characterheight. 

Use at leastonecharacterwidth betweenwordsfor equallyspacedcharacters. 

.Use the width of a capital N betweenwords for proportionally spacedcharacters. This 
spaceis in addition to any spacerequired for accentmarks on upper casecharactersand 
descenderson lower caseletters. 

SeeFigure 6 for the importance of proper letter spacing. 
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Figure6. Letterspacing. 

Properly spacedlines result in easierreading of text. Figure 7 presentsan exanlple of lines 

poorly spacedand lines properly spaced. 

Figure7. Line spacing. 

3.1.1.6 Outimization 

An alphanumeric characterstroke width is expressedasthe ratio of stroke thickness to the letter 
or numeral height. The stroke width interacts with the text color, background, and illumination. 
This interaction results in reduced alphanumeric legibility when presenting white characterson a 

black background, but not when displaying black characterson a white background. 

Usea strokewidth:heightratio of 1:6to 1:8 for blackcharactersona white background. 

Use a stroke width:height ratio of 1:8 to 1:10 for white characterson a black background. 

Usea characterwidth:heightratioofO.?:1to 0.9:1 for equallyspacedcharactersandlines 

of 80 or fewercharacters. 

Usea characterwidth:heightratio of at least0.5:1if it is necessaryto havemorethan 80 

charactersperline. 

Usea characterwidth:heightratio equalto or lessthan1:1 for proportionallyspaced 
characterssuchasM andW. 

Usea minimum6:1 contrastratio betweenlight charactersanda darkbackgroundor 1:6 
contrastratio for darkcharactersona light background.Thepreferredvaluesare10:1 

and 1:10,respectively. 
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CR = Contrast Ratio = LmaxlLmin 

Lmaxis the higher luminance of the background or character 

Lminis the lower luminance of the two (areaof least intensity) 

3.1.2 Shape 

3.1.2.1 Discernibili1Y 

Learningtime increasesandrecalldecreasesasthe numberof shapesincreases. 

Limit the numberof shapesto five to achieveoptimumcodingeffectiveness. 

Shapesshould be discernible from eachother, suchasthose depicted in Figure 8. 

Rectangle 

Figure8. Differentiatingshapes. 

3.1.2.2 GeometricShapes 

Increasethe sizeof the geometric-shapedsymbolswhenviewedunderpoorillumination, from a 
distance,or whenthe shapesaresubjectto change.Commonsizesrangefrom 0.10in. to 0.18in. 
for geometricsymbols.Developersshouldusetherelativesizeof shapesto portrayquantitative 
differences. 

A void similarly appearinggeometric forms. 

Do notuseshapesymbolssmallerthan0.10in. in the smallestdimension. 

11
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3.1.3 Line 

3.1.3.1 Velocitv Remesentations 

Shorter lines indicate less infoffilation and a slower rate of change. Lines that rise above the 
baseline indicate an increase,while lines that descendbelow the baseline indicate a decrease. 
Add arrowheadsto lines to indicate direction. Figure 9 illustrates usageof arrowheadsand line 

length. 

Useline lengthandarrowheadsto representamplitude,direction,or velocity. 

Figure9. Line lengthrepresentations. 

3.1.3.2 Deviations 

A change from normal alignment, as shown in Figure 10, indicates a deviant reading. A change 
in line length can indicate a doubling or tripling of the data. 

Use different line lengths or directions to highlight deviant readings or to show relative 
information. 

Figure 10. Deviation in alignment (Set A) and relative amounts of data (SetB). 

3.1.3.3 Ty:ges 

Some symbol designsrequire severaldistinguishable line types to enhancesymbol clarity. Using 
a single line type makesthe comprehensionof relational differences difficult. A combination of 

12
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the line types will help a symbol to effectively convey infonnation. SeeFigure 11 for line type 
illustrations. 

Limit the number of line types to six or less, 

Figure 11. Line types. 

3.1.3.4 Characteristics 

Symbolrelationaldifferencesaredifficult to recognizewhena singleline representsmorethan 
four items. In otherwords,do notusemorethanfour attributes(line type,direction,length, 
thickness,color, etc.) perline to codeinformation. 

Limit the numberof line characteristicsto four. 

A line lessthan0.10in. is extremelydifficult to distinguishfrombackgroundtext or other 
symbols. 

Do notuselines shorterthan0.10in. 

3.1.4 Pictorials 

Prohibitivesymbolsrequirelongerprocessingtime becausetheydo not explicitly statethe 
desiredaction. Despitetheadvantageof permissivesymbols,it is sometimesdifficult to design 
appropriatepermissivesymbols.Providinga clearunderstandingof themessageor required 
actionis more importantthanwhethera symbolis permissiveor prohibitive. SeeFigure 12 for 
prohibitive andpermissivetypesymbols. 

Makepictorialspermissive,whenpossible. 

13 
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Figure12. Prohibitiveandpermissivetypesymbols. 

3.1.4.1 Effectiveness 

Theeffectivenessof a pictorial dependsonseveralfactors. Thefollowing guidelineswill 
maximizethe effectivenessof pictorials. 

Makethe edgesapparent. 

Usea contrastboundary,a solid shape(seeFigure13b),insteadora line boundary. 

Usea closedfigure. 

Makeassimpleaspossible. 

Keepasunified aspossible. 

Label for clarity wherepracticalandnecessary. 

Figure 13illustratestheuseof theseguidelines. 
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Figure 13. Pictorial effectivenessfactors. 

3.1.5 Icons 

Iconsrely onassociationsbetweencharacteristicsandimpliedmeanings.Therefore,theyshould 
be skeletalrepresentationsof objectsandcancontainmoreinformationwith lessspacethan 
symbols. Icons generallyuseuniquecharacteristicsof the objectto be coded. Incorporateonly 
the critical attributesof an objectthatarenecessaryfor identification. Thesecharacteristicsmay 
beassociatedwith the appearanceof theobject,the functionof theobject,the relationshipamong 
objectcomponents,or the relationshipof the objectto associatedobjects.Usetheassociations 
thatbestcapturethe essenceof the identityof theicon. 

Useiconsto representmuchinformationin a smallspace. 

Icons should be simple, uncluttered, and distinctive within the user's setof icons. 

Weakboundariesmakeiconsmoredifficult to perceive.Openfigureshavelessimpactthan 
closedfigures. 

Maketheboundaryaroundan iconsolid,closed,andcontrast-bounded. 

Icons previously implemented or used within a field are typically easierto learn becausethey are 
familiar. Figure 14presentsthe skeletalconceptsused by typical icons. 

Useestablishediconswhenpossible. 

If therearemanyiconsor infrequentlyusedicons,considermakingan identitylabel for 
the iconavailable(uponpointing)or makingit alwayspresent. 

A largesetof iconswill requirespecialusertraining. 

15 
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. . . . . . . 

Figure14. Typical icons. 

Whendetailedinfomlationis notcritical, usea genericiconto representa concept.Do notuse 
iconsfor eachobjectof a class. Forexample,usea singleradariconratherthanseparateicons 
for eachradartype (e.g.,ASR-7, ASR-8, or ASR-9). . 

Usea genericiconto representa concept. 

Usea singleiconto representseveralobjectswhendetailedinformationis notcritical. 

Usea distinguishableicon for eachobjectif thesymbolrequiresclassobjectdistinction. 

Uselabelswith iconsto improveidentification. 

Combinediconsandacronymscanenhancereactiontimes. Usersprefercombined 
symbolsoveracronymsor iconsalone. 

3.1.6 Color 

Developersshouldusecolorasa secondarycodingfeature. Stopsignsandyield signsarecolor 
coded,but the colorreinforcesthe shapeandthewordsstopor yield. Thetraditionaltraffic light 
usescolorto reinforcethe positionof thered,yellow, andgreenlights. Mapsarean exceptionto 
this rule becausetheyusecolorto depictfeaturessuchaselevation. 

3.1.6.1 ColorandInformationDifferentiation 

Figure 15 uses color to identify two classesof dataand demonstratesthe capability of color to 
improve information assimilation. 

Use colorto attacha specificmeaningto a portionof text or symbol. 

Use a unique color to representdataitems from the sameclassification. 

Use color sparinglyasan informationdiscriminator. 
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Figure15. Coloruseto improveinformationassimilation. 

3.1.6.2 ColorandAmbientLightingConditions 

Colors must bedistinguishable under ambient environmentalconditions. For example, colors 
must bedistinguishable when used in a dimly illuminated control room or bright sunlight. 

Ensurecolors are easyto seeunderconditions of high ambient illumination if using hue 
saturationcombinations. 

Consider the color spectrumof the light sourceand the pigmentsin the reflective surface 
when selecting colors. 

Use highly saturatedcolors to maximize differences amongcolors. 

SeeFigure 16 for presentationof color saturation. 

Figure 16. Highly saturatedcolor example. 

If a developerhas assigneda specific use or meaning to a color, use no other color for the same 
purpose and do not use that color for any other purpose. 

Useonemeaningpercolor. 

Usecolor consistentlyin the developmentof iconsor symbols. 

Add color after maximizing the effectivenessof a display in an achromaticformat. The following 
guidelines apply for the use of colors. 

Useforegroundcolorsthatcontrasthighly with backgroundcolors. 

Use standardizedcolorcodingacrossapplications,suchasusingred for alarmsor danger. 

Use less than sevencolors to achieveoptimum color effectiveness. 

17 
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. . . . . . . . . . 

Usebright colorsto emphasizethe mostimportantor critical information. 

Avoid usinghighly saturatedcolorsfrom oppositeendsof the color spectrumnextto each 
other. 

3.1.6.3 S}2ecificColors 

Eventhoughuserscanperceiveover7 million colors,theycanreliablydiscriminatesomecolors 
betterthanothers. 

Use upto six colorsto obtainmaximumcolordiscrimination. Optimumcolorsfor 
discriminationinclude:red,orange,yellow, blue,green,andpurple. 

Use neutral colors for backgrounds or highlighting. 

Useneutralcolors,brown,black,white,andgray,for noncriticalinformation. 

Useorangeonly whena viewercandifferentiateit from red,yellow, andwhite. Orange 
is betweenredandyellow in thevisible spectrum. 

Usemagentasparingly 

Usegreen,yellow, andredin combinationwith othercoding,suchasintensityand 
saturation,to enhancetheirdiscernibility. 

Usesimilar colorsto representrelatedinformationor categories. 

Somecolorcombinationsmaycauseillusionsbecausetheretinaof the eyecannotreadilyfocus 
onthosecolors. 

Avoid usingblue ona darkbackgroundfor text, thin lines, or high resolutioninfonnation. 

Avoid usingblueasa foregroundcolorfor highly detailedsymbols. 

Avoid usingthefollowing colorcombinations:redandblue,blueandgreen,redand 
green,yellow andpurple,magentaandgreen. 

3.1.6.4 ReservedColors 

Five colorstypically havereservedmeanings.A developershouldnotusethemto mean 
somethingelse. 

Useredto indicateconditionssuchasno-go,error,failure, or malfunction. 

Use flashing red as double coding to indicate emergencyconditions requiring immediate 
user action to avoid personnel injury or equipmentdamage. 

Use yellow to alert usersto situations where caution or rechecking is necessary, 
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Use greento indicateequipmentperformanceis within tolerance,a conditionis 
satisfactory,or to proceedwith anoperation. 

Usewhite to indicatealternativefunctionsor systemconditionshavingno operabilityor 
safetyimplications. 

Use blue as an advisory color. 

3.1.7 Highlighting 

Highlighting normally emphasizesan object or symbol. Accomplish highlighting in the 

following ways: 

a. increasethe object intensity; 

b. present it in a different style or size font; 

c. flash the object; 

d. reversethe object image, suchas light letters on a dark background or dark letters on a 
light background; or 

e. put graphics composedof asterisksaround or nearthe object. 

Since highlighting is binary, either presentor not, it is ideal for category discrimination. 

Use highlighting for discriminating betweentwo categories. 

Highlighting should have the samemeaning for all applications. 

Usehighlighting consistently. 

Too much highlighting losesits effectivenessin attracting attention. Figure 17presentsan 
illustration contrasting acceptablehighlighting and too much highlighting. 

Keep the amount of highlighting to a minimum. 

Figure17. HigWightingexample. 
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Symbols should be bright enoughto stand out clearly againstthe background on which they 
appear under all expectedlighting conditions, but they should not be so bright asto blind the 
operator. In work stations that are darkenedat night, provision should be included for dimming 
the symbols when other lights are dimmed; this can be accomplished by tying in symbols with 
the samecontrol usedto dim the background. 

Usea contrastratioof2:1 betweenhighlightedandnonhighlightedinfonnation. 

Userelativebrightnessfor highlightedandnonhighlightedinfonnation. 

3.1.8 FlashRate 

Althoughtraineduserscanidentify the frequencyof flashingfrom 0.25flashespersecondto 12 
flashespersecond,it is recommendedthatthe frequencyremainbetweenthreeandfive flashes 
persecond.In addition,the numberof flashingratesshouldnotexceedtwo. 

If the numberof flashingratesis one,maintaina frequencyof flashesbetweenthreeand 
five flashespersecond. 

If the numberof flashingratesis two, maintainthe slowerfrequencyatoneflashper 
secondandthe fasterfrequencyat fourflashespersecond. 

Useequalonandoff durations. 

Unsynchronizedflashingsymbolsaredisturbinganddecreaseuserperformance. 

Synchronizetheflashingof symbolswhentheyarecodedwith the samefrequency. 

Blinking charactersmayalsoreducelegibility andcancausevisualfatigueif usedextensively. A 
techniqueusedto avoid legibility lossis to usea markerthatflashesfor the symbol. 

Makethe flashingsymbolslegible. 

Use a slower flashing frequencyto show slow changes,less information, and less 

urgency. 

3.1.9 Size 

Figure 18demonstratessizerelationshipsto depictrelativequantitiesof data. 

Useno morethanthreesymbolsizes. 

Use larger symbols to mean more dataand smaller symbols to signify less data. 
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Figure 18. Size demonstration. 

Use the following proportional guidelines when working with different symbol sizes. 

a. The height:widthratio shouldremainconstantbetweensymbols. 

b. Largersymbolsshouldbe at least1.5timesthe heightandwidth of the next smaller 
symbol. 

c. Symbolsizesshouldsubtenda minimumvisualangleof at least20 minutes. This means 
that, ata viewing distanceof 800mm(31.5in.), a symbolshouldbe at least5 mm (0.2 in.) 
high. 

Figure 19 illustrates proportional relationships. SetA depicts two symbols; the larger symbol is 
1.5 times the height and width of the smaller symbol. (Note: the height:width ratio remains a 
constant2: 1). Set B also depictstwo symbols with the larger symbol 1.5 times the height to 
width of the smaller symbol. In this case,the height:width ratio remains a constant1:1. 

Figure19. Proportionalrelationships. 

3.2 Auditory Coding 

Audio codingconsistsof varyingfrequency,pulseshaping,andduration. Theseaudio 
characteristicsaretypically appliedto audiodisplayssuchasbuzzers,horns,andwhistles. Audio 
codingis alsoappliedto computer-generatedvoice or artificial speech.Developersshould 
integrateauditorycodingto directattentionto visualwarnings.Usethefollowing sound 
characteristicguidelineswhendevelopingauditorysymbols. 
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3.2.1 IntensitY 

The intensity of sound measuredin decibels (dB) is the mechanicalpressurea sound wave exerts 
on the eardnun. The unit dB(A) is usedto expressintensity using a sound meter with an A-
weighted network. The A-weighted responsedrops rapidly as frequency decreasesbelow 1000 
Hz, is maximum at 2500 Hz, and gradually increasesabove4000 Hz, thereby approximating the 
frequency dependenthuman responseto moderatesound levels. 

The intensityof a signalshouldexceedthe ambientnoiselevel by 10dB(A), butthe 
overall intensityshouldnotexceed90 dB(A). 

Do not codeinformationby varyingthe intensityof the signal(usefrequency,duration,or 
pulseshapeinstead). 

3.2.2 FreQuency 

The human auditory systemis sensitiveto frequencies from about 20 to 20,000 Hz. The auditory 
systemhas the greatestsensitivity to frequenciesaround 200 to 5000 Hz. The ideal frequency 
range for a symbol is 500 to 3000 Hz. There is hearing loss with advancedage for frequencies 
below 500 Hz and for frequenciesabove 10,000Hz. Use the following guidelines when coding 
audio signals. 

Use no more than five distinctive frequenciesto code auditory signals. 

Use 500 and 3000 Hz as the lower and upper limits for auditory symbols. 

Use discrete frequencies when coding audible symbols with a bandwidth of at least 100 
Hz. 

Spacediscretecenterfrequencieswith intervalsof 500to 1000Hz to preventharmonic 
frequencyoverlap. 

3.2.3 PulseShape 

Pulse shaperefers to the rise and decaypatternsof sound for coding information. 

Use no more than three pulse shapeswhen coding auditory signals. 

A listener perceives onsetratesof lessthan I dB(A)/ms as continuously rising, which produces 
little or no startle response. Short onsetratesproduce greaterstartle responses. 

Useveryrapidsoundonsetto codefor fastresponse. 

Useveryrapid soundonsetratesto codecritical information. 
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3.2.4 Duration 

Base auditory signals on sound duration. Long and short signals, or combinations thereof, can 
be used to code different information characteristics. 

Audio warning detectability increaseswith long durations. To demand attention, modulate the 
signal to give intermittent beeps,or modulate the frequencyto make the pitch rise and fall. 
Implement a manual shutoff to ensurethe warning continues until a useracknowledges it. Use 
the following duration guidelines when coding auditory signals. 

Discriminate between first 0.5 secondof an audio signal requiring fast reaction from the 
first 0.5 secondof any other signal. 

Transmit all essential information in the first 2 seconds. 

Limit the number of data characteristicscoded by duration to three. 

Maintain audio warning signals for at least0.5 second. 

3.2.5 Auditory Dis~lav 

The following list describescommonly used auditory displays. 

a. Buzzers operate in the low frequencyrange of 150to 400 Hz. They often have the lowest 
intensity auditory code. Buzzers command attention but do not causealarm. They have a 
poor ability to penetratebackground noise and, thus, they are not suitable for warnings. 

b. ~ normally have a higher intensity level and frequencythan buzzers. They are more 
appropriate for areaswith high intensity and low frequency ambient noise. They have 
excellent attention-getting qualities and are suitable as warning devices. 

c. ~ fall into two categories. Growlers are horns that use high intensities, 90 to 100 
dB(A), and operate in the low frequencies. Screamersare horns with similar high intensity 
but operate in the 300 to 5000 Hz frequencyrange. Horns often direct sound in one 
direction; however, rotating the horn achievesa wide directional coverage. 

d. Chimes and Gongs have low-to-medium intensities and frequencies. They are not adequate 
for attracting attention or penetrating ambientnoise. Do not use chimes and gongs as 
warning or emergencysignals. 

e. Whistles have high intensities and a range of potential frequencies from low to high. Their 
attention-getting and noise-penetrationcapabilities are good, and they prove very reliable 
as warning and emergencysignals. 

f. ~ have high intensities and a wide range of frequencypossibilities. Sirens with 
wailing frequencies (i.e., frequencyrises and falls) are especially useful as warning codes 
becausethey attract attention rapidly. High intensity sirens that reachthe upper limit of 
human tolerance becomeannoying; use in critical situations only. 
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3.2.6 Artificial Speech 

Theuseof computer-generatedspeechrequirescarefulconsideration. 

a. Voice output should be easily discriminable from other speech. 

.Use speechoutputqualitativelydifferentfrom othervoicesin the environment. 

b. Using synthesizedspeechfor informationotherthanwarningsmayrequiresomemeansof 
directing attentionto thevoicewarnings. 

Do notusealertingtonesif usingsynthesizedspeechexclusivelyfor warnings.. 
c. Overall intensity of speechvaries from personto personand for different situations. Male 

speechintensity tends to be higher than female by 3 to 5 dB(A). Speechintensity usually 
varies from about 45 dB(A) for weak conversational speech;to 55 dB(A) for 
conversational speech;to 65 dB(A) for telephone-lecturespeech;to 75 dB(A) for loud, 
near-shouting speech;and to 85 dB(A) for shouting. 

.Make speechoutput intensity adjustable within the speechcommunications range 

above. 

d. Speechintelligibility is highest for sentences,less for isolated words, and lowest for 
nonsensesyllables. Intelligibility is very dependenton context and expectations. 
Arranging words in sentencesincreasesintelligibility. 

.Use complete sentencesto increasethe messageintelligibility. 

Apply standardsentenceconstructionwith informationalwaystransmittedin the 
sameorder. 

e. Effective speakersuselongersyllableduration,speakwith greaterintensity,fill mostof the 
total speechtime with speechsounds,andvary their speechwith fundamentalvocal 

frequencies. 

Includethe characteristicsof effectivespeechin speechoutput. 

f. A phonemeis the shortestsegmentof speechthat,if changed,would changethemeaning 
of a word. A listenerconfusescertainspeechsoundsmoreeasilythanothers. Lettersin 
the following groupsarefrequentlyconfusedwith otherswithin theirgroup: 
DVPBGCETZ,FXSH,KJA, andMN. 

Selectphonemesthataredifferentiable. 

g. Two groupsof consonants,MNDGBVZ andTKPFS,tendto beconfusedwithin setsbut 

not betweensets. 

Avoid usingsinglelettersascodes.. 
h. Intelligibility is greaterfor familiar and longer words. 

.Select familiar words when possible. 
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1. Computerperformanceis highly dependentuponthesizeof theactivevocabulary. 

Keepactivevocabularyto a minimumto maintainthe fastestvoiceresponse. 

j. Poorlydevelopedsynthesizedspeechcanbe veryirritating. 

Comparespeechsynthesizersin theintendedoperationalenvironments. 

k. The capabilityto replayor interrupta messageshouldbeincorporatedin a synthesized 
voice system. An entiremessageshouldnotrequirereplayeachtime the systemis used. 

Providea replaycontrol. 

Implementsynthesizedspeechwhenappropriateandacceptableto theusers. 

Usevoice outputsparingly. 
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