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Report No, 1

1. Titles Legibility of airoraft ingtrument disls: the relative legi-
bility of manifold pressure indicator diais,

2, = Object: To obtain objective data that will provide specifications
for optimum legibility of aircraft manifold pressure diamls,

3. Conclusions and recommendations:

a., “lth ultraviolet light the standard manifold pressure indicator
dial (AC Type D=10) exhibits an improved legibility when the small numbers
at the mid-division marks are obscured,

b. A manifold pressure dial with 1/ inch numbers is superior to a
dial with 3/16 inch figures, 1t appears dessireble to compress the width
of the numerals in releation to their height in order that the asscclation

between a particular rumber and its appropriate division mark is of optimal
‘elarity.

¢, It has been demonstrated that the étart;ng point of a scals can be
shifted considerubly without o.ffecting the dial's legibility,

d. Yithin certain limits, the legibility of a dicl appears to be
closely associated with the angular spacing of the division marks., Two
scales which have o differénce in the angular spacing of the division marks

that is only about ons and o half degrees exhibit a statistically signi-
ficant difference,- )
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Report No, 1

1. Title: Legibility of aircraft inai:rument Aiales +the relative legiw
bility of manifold pressure indicator dials,

2, Object: To obi~'i objective data that will provide specifications
for optimum legibility of airecraft manifold pressure dials,

3., Conclusions and recommendationz:

a. ith ultraviolet liglt the standard manifold pressure indicator
dial (AC Type D-10) exhibits an improved legibility when the small numbers
at the mid-division marks are cbscured,

b. A manifold pressure disl with 1/4 inch nurbers is superior to a
dial with 3/16 inch figures, It appears desirable to compress the width
of the numerels in relation to their height in order that the association
between a particular number and its appropriate division mark is of cptimal

‘elarity.

¢, It has been demonstrated that the étarting point of a scale can be
shifted considerably without affecting the dial's legibility,

d. Viithin certain limits, the legibility of & dial appears to be
closely associated with the angular spacing of the division marks, Twe
scales which have a differénce in ths angular spacing. of the division marks
that is only about one and o hal{ degrees exhibit a statistically eigni-
ficant difference,’
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Discussion:

In this series of studies the relative legibility of a dianl is con-
sidered to be indicated by the accurncy with vhich o series of pointer
settings con be rend during brief exposures, In ony comparison of a pair
of aircraft instruments, the dial which yields the fewer errors is con-
sidered o be the more legibles The expsrimental routine for these studies
has been described in Reports No. 1 and No. 2 of Project 265, and in
Report No, 1, Project 286, AAF School of #viation Medicine, -The testing
procedure may be briefly deacribed as foliows: Four instrument dial
nasemblies, mounted in a row cn o mnsoanite pancl, are exposed in an.
irregulur sequence which is ths same for each subject. The twe dials whose
relntive legibilities are teing measured #dre alwnys placed centrally, 1In
each comparison half of the subjects are tested with o particular dial in
the left central position and half o¢f the subjects aro tested with that
dial in the right central position, The two outside positions are filled
with carturetor temperature indicators, The subjeot is thus required to
identify the typo of scale ho is reading as well as the numerical voluc of
the setting. Each rubject is required te recd o totol of 160 dial sottings,
or 10 gettings on eo.ch of the four dials, The first 12 settings comprise
o preliminary practice series with an exposure timo of l-seconds. The
next 68 tricls, with an exposure time of 1,7 -seconds, are considered to
congtituteo an additional practice series which prepares the subjects for
the short interval readings in the last and crucinl series, The last
sories of 80 trianls with 20 settings per dial and an exposure interval of

.e15~seconds providos the oritical data for ewvnluating the relative legi-

bility of the %“wo dinis Dboing compcred., The subjoets employed in this
study consistod of qualified airorew traoinoos with 10-hours or less of
pilot troining and no specific instrument instruction, Noive subjects
wero not avnilable for all of the measurements so that in cortain conpari-
sons subjcots were omplcyed who hnd tokon part in the dial reading projcct
sovoral wocks bofore, In no case, howevor, had any subject who was
employed in this experimont on monifold pressure indicators been previocusly
tostod on this class of dial,

-I_iesults

The appendix contains dotailed quantitative measurements tor 10 com-
parisons of the relotive iegibility of various dinl assamblies, In all
cages thc subjoots.woro required to rend the manifold pressure dials to
the neorest 1/2 inch, In scoring the records, a reading which doos not
differ fram the ~alibration by moro thon plus or minus one division is cone-

sidorod to be correct, The quantitative findings may be enumecrcted as
follows: ‘

Comparison No, 1 (See Fig, 1) Incandescent light. £Q oxpcrienced
aumects. ype 1 d"n‘l (Stnr\ﬁr\vd marnd 9c1d v\wnssnue d.&u}., ‘.C T:’T:G D-},O) vE,
modified dicl,. Type 2, with 1/8 inch numbore ot the midedivision marks
obaocured, Wi’ch incandoscont light thorc is no significunt differcnce in

tho rolative logibility of theso two dials.

- i T R AT




T e L R

Comparison No, 2 (Sec Fig, 1): Ultravielet light. 20 cxpericncod
subjects, Typo 1 dial (sce abeve; ve, Typo 2 dial (soe abeve), Experi-
enced subjcots do not .-ziater o stotistically significont difference in
the rolative legibility of these two dials under conditions of ultreovieclet
light, .

Comparison No, 2a (Sec Fig. 1): Ultroviolet light, 20 inexperienced
subjoots, Type 1 dinl (sce abova) vs. Typo 2 dial (soe above), Tho modi-
fiod dial which has the mid-division figures obscured is superior to the
standard dial, ‘ : .

Camporison No, 2b (Soe Fig, 1): Ultraviolet light. 20 cxperionced
subjects and 20 insxperienced subjocts from the above groups. Type 1 dicl
(sce above) vs. Type 2 dicl (scc above)y, AT an cxposurce interwvel of ,7
seconds, thoe standard dial couses more orrors than the dial with tho mid-
divi sien numbers obscured. { e

Comperison No, 3 (Seo Fig., 2): Incandescent light, 20 inexpéricnned

- subjocts, Typo 1 dial (AC tyno D-10) vs. Type 3 diul with 3/16 inch x 1/32

inch numbors ot each five-inch division mark, Tho Type 1 or stondord dial
oxhibits a statistically significant superiority to Type 3 dial with the
smoller und mere uniform figures, E S

Comperigon No, Iy (See Fig, 2): Incandescent light., 20 inexperiencod
subjects, Iypt ; dial with 3/16 inch numbers a% cach five-inch division
mark and the starting point of the scale in the 8 o'clock poeition vs, Type
L; dinl with 3/16 inch figures andthe starting poimt of tho scric in the
6 o'clock position, There is no statisticclly significant difference .
betwecn tho rolative logibility of tho twe dials. Apparontly tho position
of the storting point of this scale cun be shifted considerably without

affocting the overall legibility of the disml,

Comparison No. 5 {Sco Fig, 3): Ultraviolot ligﬁt. 20 incxpcriocod
subjcots., Typo % dicl (sco just above) ve. Type L dial (sco just abovo).
Thore is no stotisticclly significant difforcnee betwecn the rolativo
logipbility of the two dinls under ultroviclet light.

Comparison No, 6 (Sce Fig, L1)s Incandes: n’% light., 20 inexporicneed
subjects., Typo 4 dinl with 3 nch numbers uu oach five~inch division-
mark and tho starting peint of tho scalce in tho 6 o'clock position vs.

Typc 5 dial (AC Type D-8) with 3/16 inch numbors at oach fivo=inch division
mork and tho starting poimt of the scalc. in the 6 o'clock pesition, Scalo

‘rengo on Typo L dinl is 10-75. Scaloe ronge on Typo 5 dial is 10«50, - Type

5 dial with the shorter scale (10-50) yiclds a significontly fewer numbor
of orrors thon tace Type L dicl (10-75 scole).

‘Comparison No, 7 (Sco Fig. 5): Inermdestent light, 20 inexperiencod
subjcots, Type'5 diol {AC Type D-8) with 3/16 inch numbers at each five-
inch division mirk and the starting point of the scale in the 6 otelock’’
position vs. Type 6 dial (4C Typc D-8A) with 3/16 inch numbers at cach -
five-inch division mark and the ‘starting peint of the scale in the 6 o'clock

pesition, Scale range on Typo 5 dinl is 10-50, Scale range on Typo 6 dia
18 10-60,
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Type 5 dicl with the shorter scale (10-50) yields n significontly
smaller number of errors than the Type 6 dial (10-50 scale)., That is to
say, o scale with divisions spaced ot approximately 8° gives significantly
fevrer errors than a scnle with division marks ot 6° 25' UL L". In other
words, o difference of approximately & degree and one-half in the spacing
of the division lines for two dinls being campoared ylelds e significant
différenco in the relative legibility of the two dicls, '

- Ccriparison Noe 8 (See Fig., 6): Incandescent light, 20 inexperienced
.subjocts. Type 7 dinl (Standard fuel pressure diel, AC Type C-lLA) with
a sgcole rarge of 0425 va, Type 5 dial (Standard manifold prossure dial,

. AC Type D-S% with o scale frange of C-50, Subjects wore required. to recd
both dials in the same terms, i,e.,, to the nearest 1/2 inch of pressure,
Few errors were made on either of the cbove dinls and no significont

differonce in the relative logibility of the two instruments could be
demonstrated,

) Comperison Mo, 9 (See Fig, 2): Incandescent light, 20 experienced
{ subjects, Type 1. ainl (AC 1ype [-10) vs. Type 3 dial with 3/16 inch x 1/32

inch numbers at ench five-~inch division merk., DBoth dials have maodified
pointers with uniform taper starting 5/16 inch from tho tip in contrast
with the standard hands shown in Fig., 2 which have o teper starting 1/2
inch fram the tip. The substitution of a pointer with less tendency to
obscure the numbers of Type 3 dial ond the small mid-division numbers:
of Type 1 dial hos not altered the direction of the differences in relative
legibility. Type 1 dial, with the large figuros, cgain exhibits o LR
statistically significant superiority to Type 3 dial which hcs the smcller
and uniform figures, It is of interest, perhaps, that a majority of the
subjscts in this comparison and in Comparison No, 3, preferred the dicl
with the larger figures to the one with -the smaller. and uniform figures,

Summary and Discussion of Results.

With ultraviolet light the stoandard manifold pressurs indicator dial
(AC Type D-10) exhibits an improved legibility vhon the small numbers ct
tho mid-division marks are obscurod, The roports of the subjects employcd
in this experiment ond similer evidence from toachometer dizl studics
suggost th: t tho smnll numbers at the mid-division, which arc somevhot
‘ , difficult to interpret with ultroviolet excitation, serve to distract tho
subject momentarily so that his ultimate respenscs tend to be slowed up.

This confirms the conclusion formulated in previous studios of this projecct,

namely, that the 'cleaner' the dial thio moro logiblo it proves to bes Tho

findings clso suggest that the ultraviolet 3llumination tends to create
£ the more critical situation or limiting conditvion,

In cont

: trest with the previously rcperted findings of the sccond
4 tachomcter dial
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| study (See Report No. 2, Projcct 265, ALF School of Aviation
| Medicine), the manifold pressurc diel vith the 1/l inch figurcs is supcrior
1 ‘ to a dial with 3/16 inch figurcs, This cannot be ottributod to the fact

! it that o stonderd width pointer tends to obscurc a greater proporticn of the
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smnll figures thon of the large figurce, A spocific check, made with o
specially tapered pointer which has only o minimal tendency to obscurc

the smaller numbers, yields the same typo of findings as woro obtaincd

from pointers with standard tips. Theo apparont discrepancy between tho
rolative legibility of a tachomoter dial with large figurcs and the
relativo logibility of o manifold pressuro indicator with large figurcs

can probably bo accounted for in terms of tho different stylos of

numcrals which aro amployced in the two instances, As it was pointed out

in tho socond raesoarch rcport on tachometor dials, the stylec of the numerals
engroved on tho tachomcter dinl makes it difficult to toll which division
the largo firurcs arc to be associated with, In the presont instocnce, the
ratio of tho hoight to width of the large numercls ongraved on the manifold
pressure dinl (i.0,, o ratio greater than 1,00) tends to obviatc this

-difficulty,

A manifold pressure d ial which has its storting point in the 8 o¥clock
position dods not givo risc to any more errors than a dial which has its
starting point in thc 6 o'clock position, It would appcar that the start-
ing point of the disl's scale con be shifted considerably without affocting
its legibiiity,

Within cortain limits, the legibility of u dial appears to be closely
essocintcd with the angular spacing of the division marks, Thus o dial
with a range of 10-5C is significantiy morc lcgible than a scalc which
covers tho same portion of the dial's circumferconce but has a rango of
10-60, The cetual diffcrencs in tho cngular spacing of the division marks
in this instancc is only about onc and onc-half degrees. On the other
hond, when the dial with o scalo of 10-50 is comparced with o dial hoving
a scalc of 0-25 covering the samoe portion of the circumference there is
no moasurable diffcerenoc in relative legibility with incandoscent light,

-In other words, once the dinl seale has roached a cortain degrec of oxe

pansion, further simplification does not appecar to affeoet its legibility,
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APPENDIX

FPizure 1. Comparisor Ho. 1. Incandescent light. Type 1 dial vs. Type 2 dial.
20 experieaced subjects, 400 julgenenis at .75 seconds,

Type 1 Dial
5% error
¥o statistically significant difference (T-valus, .71)
See Fiz. 1. Comsarison Vs. 2. Uliraviolet 1ight, Typo 1 2iel we, Type 2 2ia2),
20 experisnced sutjscts, 40C juigenents at .7C seconds.
Tyve 1 Dial Type 2 Dial
15% error 114 error

o statistically significant Aifferezce (T-valus, 1.67)
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See Fig. 1. Comparison No. 2a. Ultraviolet light. Tyve 1 dial vs, Type 2 dial.
20 inexperienced subjec:s, 400 judgeme=nts at .75 seconds,

Type 1 Dial : Type 2 Disal

4 error 74 error .
Significant difference at 2% level (T-value, 2.46)

See Tig. 1. Coxmparieson No. 2b. Ultravislet 1light. Type 1 dial vs, Type 2 dial.
20 experienced and 20 inexperienced subjocts from above groups.
800 judgexents at ,75 seczonds.

Type 1 Dial Tyvpe 2 Dial
13¢ error 8¢ error

Significant difference at 1% level (T-value, 3.13)




APPENDIX

Figure 2. Compariscn Y¥o. 3. Incandescent light. Tvpe 1 dial vs. Type 3 dial.
20 inexverieaced sutjects, 40C Juizements at .75 seconds.

Type 1 Dial Type 3 Dial

8% error 15% error
Significant differeace a: 1% level {T-valie, 4,23)

Pigure 3. Coxpariscn No. 4. Incazdesceat ligrt., Trove 3 dial vs. Tvpe 4 4iail.
20 inexverienced subjec:a, 400 judigements at .75 secon

Type 3 Dial Type 4 Dial

18%¢ error 16% error
No statistically significant differcace (T-valuz, .74)
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Uitraviolet light. Tvpe & dial ve, Tyve 4 dial.
i satizots, 407 Judgesents at .75 seconds.

on

See Filg. 2, Comparison Wzl

<C fnexzerizoce

It

Tyce & Cial Type 4 Dial
40% error 35%€ error

No statistically significant difference (T-value, 1.17;

Comparisss Is.
20 irexgeriernce

Tvpe 4 Dial
204 error

Tisure §. cozparissn Mo, 7. Inzandescent light. Tioe £ 2ial vs. Twre & dial.
2C inexrerienced subjects, 437 judgexsnts at ,78 seconds.

Type 6 Dial
127 error 21% error
Significant difference at 1% level (T-valus, 2,96)
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Figure €. Comrarinon No. 9. TInecandaacent Light. Tume & 4inl va, Type 7 dial.
20 inexperienced subjrcta, 400 Jai-wnents at 7., asconds,

Type £ Dial Type 7 Dial
11%. error 97 error

No stn’lstically significant difference (T-valie, 1.70)

See Fig. 2. Comparison No. 3. Incandescont lignt. Tvne 1 dial va. Type 3 dial.
Modified nointers on both dlal with untfora t.per starting 5/16"
from tie, in contrast +1th hands a%own i{n Fliure 2. 20 exnerienced

subjects, 4 juirements at .75 seconis.

Tvpe 1 Dial Type & Dial
14 error 8% error
Significant difference at 14 level (T-value, 4.13)
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