EFFECT OF CHANGES IN POINTER SHAPES ON SPEED
AND ACCURACY IN ALTIMETER READING
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It bias been fownd i enclier studies aheood, that the conventional theee pointee
altiieter i Wableé o Y inisread more freduently Ul sy oblwee Dgabewment o B sivernll
ek pit, [1n an analysis of 270 il|||-= error esprerieneed o rending noed fnlerproting e
el instruments. BPivts and Jones (1) fomnd that as ft ey e b were errors 0 e i ||Iu:
altimeter by DK fest. A more intandive stody carmed e by Gresther (2] on asomply il
prluite ] enllege sturdents revealad that the chances of & 1000 Foot error in reading an ollis

meter are woell alwve the 109 level

It is widely felr thar the reason for chis Hes i the wltioerer dial faee el Them
arie three pointers in the conventional altmeter (Fie 1) The swallest one, Jowest on i
dial fuee, indicates tens of thomsand feer. The medinm pointer indicates thoasaods al L
Thi lonuesy of the three poinrers indicates hundreds of feet Thus, the altitnde 2hown
in the =ctiing on Figare | ought oo eead s 34640 feed Thres  pointars are crinesiclorgl
necesary for the altimeter hacanze the altitode ranees aver which modern aireeafi opintls
pannot possilly Lo coversd inoa single revolution of nne or even fwo poinkers. on A dial af

ardinary =ge.

Two main tvpes of reading seeor have been notieed oo oceur in epineetion with b

reading ol the three pointer altimeter.  The Arse tvpe of ereor iz lusteated in Boore 20 T i

particnlar seiting has hesn 30 frecpiently miseead, that the error has becomne well i

classienl, A verv laree oumther of peonle have read thiz us DRSS fert, wherear the oomos

peasling e g thopsand feet less  One may well imasing what the répercieEsions of <siehd
praciine errur might be ii were o0 b eommnthed 'r~lx 4 ::ill-r as e was rlr;-:-_iru-rnﬁn_t,; VR

pranmtamons: lerrin at neeht o n eloudd
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The second Lype of error resulis from the relative positions of the pointera espeetally

I.5.-||_L',j| [RIR T 1||- |_||l,'jj|_ j-1 L'L']i:\'i('li ]I|| ||r||-1]||'1 abowve L on Lhe \; i 1I=:. I,|j|' ||i|.|_ !'.'|.-.'-'_ '[1]|_|-:| I,.'q.'1l1l:' nl
errop i illsbrded by e aldmeter setting shown o Gowe 300 Toothis ense, andy Lwo poinb s
are visihle: the modiun and the long ones.  The short  pointer 4 concealod  uncler vither

the fomee or (e gl poioter.

A considerable nmount of research bas gone jnto the question of  produdiog oo
o]y readablo dial desipu which ean be interpretod by pilots with the least chaoces of ercor,
Recontly, the Bovel Al Torce aeeepted oo modificd altbmower desden i which poialer visi-

Bility wes considers Ly improved.  An adaptation of this desivn s ahown in Oouee 4. The

man fenturess of this mondified  desia

1. An arrow shaped peinter of the zame lensth replaced the small 1006 foot
pointer,

2. Tu place of the medium sized pointer. & pointer of the same length, hat with g
clecalay central feature was used.  When this overlaps the smnil pointer the
sinall one will w140l Be visible through the cirenlar centrul festure.

3. The rear elunsation of the lung poiuter was altered into & fan shaped featurs,
g0 as to prevent eclipsing of the small pomeers

1, Irmer marks were inserted helow each of the nomerals of the dial face to seeve

as riference marks in the reading of the <pnll and medinm pointer.
The purpose of this paper is to assess efficiency in reading the new type of altimeter

pagsinet the conventinnal coe, on the critenn of speed and officieney

METHODOLOGY
Personnel Tested: Pilots and Navigators, mcduding  Flying Instrnetors sl

Flight Cadets, numbering 150 in all. of ages ranging hetween 20 and 15 years, and  with

e
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varying fevels and tapes of Bying experiences partioipated o this e purinomt,

Kinds of Measurements: Theee kinds of measaromonls wops poeoreli i the

comrse of the  inveatigation:

I, Reading of Altimeter Settings: This was recordoed by wiving evarvone the
Dial Reacding Tost [ No. AP-S) which was in two parte. T Mot I, 20 phutogenpha of diflorent
settings of the conventional aluiimeler miounted on o white Bave kel bud tor T i|'|!4'|']"f‘£'1t't]
v By eme, Tare L consisted of 20 corresponding sottingaof Uhe odifled iloaigm . prosantid ¢
wimnilurly.  The tests wore administeced to pilots and noe leolors plvvachaadby and tho slti
micler readings called out by them were entersd o a0 data shiost appscindly dlesigned Toe (g

LR b

2. Interpretation Time: The time taken to call oul ewch vesding was menairad
un s stop watch and  entered in the proper place an the dala sl Enterpreatation i,
represents the tinte taken to look wt the 2atting e deeide e rewding indicated v il H
diss not inelude the time taken W eall oot the readling, e e Lime pror vesnil g Tor cah
of the two designs was worked out by averaging the times for Lhe 20 readings of ¢aell Ly
of desion

3. Tachistoscope Tests: Photngraphs of altimeter seftings, monnted on eanly)
were exposed for duration varying betwean 0, | ancd 5 soeonmds [ ow saapde of Jet fighter il
The purpose of this test armangement was to fAnd out whethererror rates i altinetor sl
increased by time stress,

types of caleulations ware made with resand to errors somunitted [
piluts and navigators in the reading of the test material —

Errors: Two

1. Error Rares: The rewdings ealled out by pilota sl Havigators wers oh
by the use of o key, and percentages of reading error for sach type of d
were worked ont,

2. Kinds of Error: Each srror was olpssified on g fonr point basis i oolar

find oui which rvpe of emor ocewrod fmost frequently,

ANALYSIS OF RESULTS

Interpretation Time: The mean time taken to read an altimeter setling underi
conditions of this investigation worked out as follows:
Conventions] Thesign G, 6 sevomds

Modified Tezien 4.7 seconds

There iz g soving of .L_T1I:H'.".'\c:m.'|r--|lr A0 i b ws oo oreanlt of fhe modifeson g
g wimilar experiment on USAF pilits and roblege studeals, Grathar 4] fonmel Phod pilols o
i the average 7.1 seeonds and onllerw  students tool wbout T8 aeoonuds Lo eead seltm

aumilar to these of the conventional desien presented o ooar oxpernmcn,

Reading under Time Stress: 4 growp of Jel Aehter pilots who were msdel

read altimeter settings presented  for short durations: on n tachistosope  weore @
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sl gut correct 1-,-:1.j|n|___r;4 even when the duration of thoe axposure wos abepped down to 1.5
ipenycls,  Chne ot mindntained aecuraey in ronding at an exposure duration of 0,3 soaonils.
I b stucly of eyo novements of wir pilots of the LISAF Fitrs Jomesd wend Milton (4) howe Found
that the mean daration of the eye xation eyele of the altimater 098 second during insteu
mienl landing approaches, and 041 sceond during ground aontral approuches. A lixation
gyely iucludes the time required to move the eyos 1o an instrument plos the  tolal Limy
spent oo loeking ot {le inetrament.  This bLeing so, it would Jl.is[li'ilr”ml- (AT groaler
et of the interpretation time s epent on mental claboration of the wianal cloes presented

ir the displuy,

Rrror Rates: Menu perventage: of error in rending photographic reproduetiong

af the twn desipns of the  altimeter ave as follows;—

Conventional Design 40,57
Modilicd Desigm L
There 60 saving of approximalely 209, in the error rate as a result of the change

it e destn.

Ground and Flight Conditions: The flving per=onnel tested in this tnvestigation
mrs, hefore or after sorties, T iy

e J.Lllb'-:‘lljr' assrmblad  in ceew rooms or near the ba
Auite conceivable that interprevation time anil vreor rates will he very different under Hight
euntitions, althongh the saving in fime and error by the use of the madified design moy not
be. Under llight conditions the time taken W read the altimeter wonld he  considerably
less; depending on the nature of the conditions and the phase of fight Turther, since Ui

it will be muel more alert while in the coclpit than heis on the growmd, it may be

expected that his erver tate would also be far less. It has heen found that the mere

fact that vne is being subjected to a psychological test is sapable of being a potential source

Cof meressed ercos,

Tulerpretation Time Ermor Bate
Con Des Blod Tles Con D Mod Dea

.2 3.8 300 3.5
i, 0 4.1 335 278
.5 4.3 B L 243
7.0 fi.4 24 1) 19.0
.1 6.3 285 178
.6 4.5 3.7 22.6

Tulde Tt Altimeter Efficiency.

Flying Experience: The saving in time and ervor rates in the case of pilots with
different smounts of fiying experience is indicated in the enrves in Figure 4.
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Thers is & peint of widerinterest sugrested by the curves in Figure 8. IF pilots Telow
the aue of 30 vesrs wre grouped Logether a5 “younger” pilobs, and these above 30 vears
gromped as “older™ pilots, theo it will De found Gt “clder™ pilots take move time in readis
the altimeter than “younger” pilots, bul they  eommib fewer ervorz. This would be suppores
ted hy fucts of everyday observation. It iscommon Rnowledge than younger people are i
guick in oheerving things swd responding to what they observe around them. Ol
people are eomparatively =lower in their respunzes. On the other hand, portly we o e |
of insnfficient experience and alsv on sccount of their relutively immature observatio
powers. yonnger people tend to so wrong more frequently than older persons,  Experiii

and maturity of mental powers are aids to relatively greater acoursey in the cpse of ol
penple,
Ar all the variimz levels of fiving experienee there iz o distinet saving of time u

reduction of error which iz attrithotable to the modified desigrn.  The periodicity of Eie e

enurves in Firare | i rather -1rr?i1r|:__' Freor rates rened  to tise at the 600, 1200 pod THN

tiving hour stages. An interesting parailel to this is afforded by (he findings of o stody il
secidents carded out ba a Statistical Ofeer of the BAF.  He found Vhesd he secilenl @i

tendlod to risesharply at the SO, 1500 2000 and 2500 Hying hour stowes.

Age Levels: Speed and accuracy i L |'1'u.di||.;_l, of the two rhmignu aof 4

altiimeter wre shown wruinst sge levels in Fieuee 8 .
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FRROR ANALYSIS

Types of Reading Error: Efficiency inany tvpe of skillsl pecformence is
Usaply masessed in terme of two criteria: speed and acourmer.  Ag hetween these twes, it is
fiir Lo HW that ACCUTADY aountz for maore than sneed,  Thi= iz all the more 20 when it i3 re-
ulized that in Aying, small errors of an apparently trivial nature ate capable of leading to me-
ogeing situations.  Following the classificarion sdopted by Grether qj-: in hiz study of TTSAF
flots; the varions reading errors noted in this investiy

lion were classified into four types:

I. Reading to the nearest Numeéral instead of (o the lower adjacent Nume-
ral: Torexamyle, the altimeter zerting in Figure 7 was fead as 16,040 indtew] of
ag |a.040 feet. Thip error was eommitted hecanse the medinm pointer sppeared
=0 tlose to the rueeral § that the reader fuiled to noticethat 6 had not yet been

reachod,
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Misreading the Pointer Setting:  For cxample, U sedling showo i FPiguee 8
wing reae] s B A00 fusteand of ws 25430 oot Thid ereor lowe beens explained
hy attribmting it to the preceplion ol “alereinand " chsdadl,  TE b oargoed Ghal he
lomg printer 19 50 dommmant oo Ve disw] Guee thaat ok inMoenees the readiog ol e

mccd i podntel
Omission of One Podnter:  Tor {“[EtJFIF§1fl_ the eatting in Mewes 9 wis el

ag 1. 100 mstead ol aa 11, T ot In this setling el wrndl '|||si1!|r|"1' 14 i!:'leklllll

< A THILTLTRTE Henes at Bals to be pobieccl

Fue 10

4. Pointer Exchange: Porexample the=ettingin Figure I acread az E22000 fnstaad

of as 21 300 fest. 1t ran be argoed that the close proxinogy of the threa printes

to pach other 18 at the bottom of the confusion.. At the same time, i i34
that cach peinter iz distinetly visible.  llenes the arigin of the confusion mn
li ehietly in the mind of the reader rather than in the design of the instrumsie

Frequency of Reading Error: Boors of reading the nearest numeral wers nod
frequent.  Misreading the altimeter-sctilng by ten thouwsand feet were not, howerer ag
gent a= misreading by s thousand fect, The latter were of the order of .4%, on the G
ventional, and 10562, on the modified desigo, Misveading the sltimoter sebing oeeured i
ahont 47, of the cases on the conventioual desion and was reduced toow nepligibly small G
on the modifisd desiezn, On the conventiovnn] by pe of allinester, pololer omission, paetis
[

af the small printer waz about 5%, of the sea, TU wus redieed o nearly 1%, with o

iy

dified desien, A sinilar reduction of the 2,67 error due o pointer exchange wis (0GR

to aoeur i1 the case of The mndified "5*"~\I'Tf!-.

EVALUATION

Persistent Frror Trends:  Althongh there has been an oovera ] racaetion in neil
error as a resplt of the changs in poanter design, 1 = notoan ol rouned recaetion, B

sisreneding the setting by a thonsand feet are certainly not leds, o Table [1 will show
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[besar e 11,6 120

| Nranepirt 03 0.5

| Instriedor 1.4 4.4

i II Canelist 1014 Lo 3

Talis 1L Vrogueney of Brror ln Heading nonrest Mumdses

Psychological Influences: When the tvpical ermor of misrending Bl altimetor
il by thousand feet i stidied, 1t will b fomed thet an important peveholnesl {meton wndar-
lieg Uhe orror. 'The reader notices the nuweral shicwd of the spot actually reached by the

winter ingtead of noting the Yiwer wljncent one. His proeess of antivipatory ittterprotation

impels him to run ahead of the pointer It wus thonght that the insertion o Totorior
murkings wonld have the effect of resteaimng this tendeney, hut apparently this hos ot
burned vl bo be s, judging from the Fignres in Table TL I this Kind of antietpatory ten-
doney is bo be olfcetively eonteolled, it will be necessary to have o display pattern in which
the next numernl is not visibla to the reader nntil the lower adjacent valuc hns heen entirely

'gupﬂ]-{:ndud, L othior words: heshould not be alle 10 see 6 untl 5 bias passcd 4’."'11Tt1"|l1|".'!_1r'-

Alterpative Dinl Desisns: Apart from the fact that the anticipatory tendency
zapil fror, the facl that there

predisposes the reader to misread altiineter setting by &
are theed poidters  in the modified satring of ‘the altimeter,
vetmins Lhe sawe somplesicy as i3 found in the copventional

selling:  An alleruative design which has come into use

L
il

recently is the tvpe of alsimeter in which hundreds of

feet wre indicaled Ly one poivter. whils thousands snd

ters of thonsands sre shown on & counter device situsled

at the lefr centre of the dinl.  The Kellsman desipn o
the Rimeter (3) appears in Fioue 11, Sinee the naturil
slant of the eye iz helisved to L towards the laft; the

afl the dial e is

]l].'rsl'i:L',:_ of the connter on the |Jeft =i

|_1_'|_1Ep:'|'-.i‘|r]1:|_tl3 Iarther, the anly E?"‘i‘.l'."r o the dial hasz

heen miule slonder sz the maddle, so0oas W ceduoe colipsinge

Tip. 11 - g ]
f af the countar to the minimum. This desien thos oon

o to standan] hnman  engineering requircients.

Al fhings comeidersd, iowonld be fair W sy that while the change in the lesien of

I il pointers of the alliweter docs merease efficienvy in altimcter reaching, it does nol [ore-

I il the render's Tlr'l.-:iiﬁpl.l.-]l}u|| to iniereading settings by o thowsand feet.  Bnce errons of
: 1 1 ) . " . .
ling fthiis trpo nre of the ntmast eongdpuenes in ehitieal it situnlions, iU f2 desivable in the in-

g of oroits of the pilot’s efficiensy sl of Nyving salety 120 equip the wirern [, enpecially high speed
'fljmmﬁ.r with the dinglo poimtasr counler 1y of altimeter, m ?'?.1-.'-" TRLT prrzaetd three pomnter
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imeter,  In hiv experimenta with URSAT pilots, Grether found that oaing altineters with
such counter  deviees, displavmy thonsends and tens ol Lhowsaod feeb and only sne polnter
ty pmlienle chonges in hondreds of feer, the error rutes of LTSAY [r:il-;lL\-. ||.r'||||[r|,'|,|. 1l Whe oyl
frog o level of 11,7Y, on the conventional design, Interpretation nw sos Lol

pf T2,

redieed t LT secmds, os against 7.1 deconds foe the oldor Ly s ul mllitieetar.,

Conclusion
'k -"'i'.".l'|_:l.' distinpuishalde overall improvetnent in altimetsr reading afieioney i
altkibutable to the ehange in the shupe o the slifmeter pointers.  Spesl s inereasesd T atdig

il orror e redduesd By abone 207 Although Thove is ue oversll noreare: i etlinianng
it is by no means ancall reained improsvement,  Eoom ol sidevicling Lhe sliimeter by i Fisvaen gl
feel wre not redaced by the change of desin. Thwee et are e Lo Chie ot uemes o s

tiviputory luterpretation during reading.  Ereor ralea in wltimerer cencing tend o i

i b levels ot the 6000 P20k and =00 Cyinge houe Stuges,  Older pilots tend to talacris

larively longer time on altimeter veading than younger pilots. Younger pilots on Lhe obh
hand commil more. migtakes than older pllots.  Numerots soedics cureicd oul o on it
degiien in other countries have shown that the <ingle peinter counter type ol alimete st

hest. design frow the point of view of palor officieney in Fhe vockpit.
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