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X.    Title: 

2.    Objecti 

30 ?ray 1944 

Legibility of aircraft instrument dials:    The relative legi- 
bility of tachometer dials. 

To obtain objective data that will provide specifications for 
optimum legibility of aircraft tachometer dials. 

3.    Conclusions and Recommendations: 

a. Various modifications of the Type $-10 tachometer dial have been com- 
pared as to the  accuracy ^ith wh-ch fie-j can be road during brief exposures. 
The data are consistent in demonstrating that the dial rithout subdivisions 
givos rise  to fexver: errors than dials v;ith one or four subdivision lines. 
The data also indicate  that the small nvmbers of the Typo E-10 t-chomotor dial 
do not improve  the accuracy with which this dial can be read.    "There differences 
do arise,   the -'ial with the small numbers tonds to be indorior to the more 
Simple dial. 

b. Final recommendations of a standardized tachometer dial will be drawn 
UP upon completion of measurements vith cortain now experimental filnls. 

c. It !•   recommended  that the material of this investigation bo brought to 
tiie attention of individuals responsible for establishing specifiertions of air- 
craft instrument dials. 

Report by: 

/V ROGER E. LOUCKS, Ph. D, 

Approved: 
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Discussion: » 

Thia is the initial report    in a aeries of studies designed to establish 
the specifications for optimum legibility in -various types of aircraft dials^ 
The criteria of legibility usod in this projoot are based upon the aoeurooy 
with which a series of pointer settings con bo road during brief, oxposuros of 
the dial.    If, for example, subjects make fewer mistakes in reading one of ft, 
pair of similar airoraft instruments    during brief oxposuros, that dial is 
considered to be the-mest legible. 

It is recognised thrk*t» dial^«>UhMfrW« the fswwa* errors for-fcriof-- 
oxposuro readings is not necesewrily the one whioh •will make pesWfb&e tho      ' 
most precise readings were 'the subjeot to have unlimited time.    There are 
very few airoraft instruments,  however, whioh must be road with great   pre- 
cision.    It appoars from interviews with pilots that those characteristic* of 
a dial whioh facilitate speed and accuracy in reading are more important than 
those which make possible extreme precision.    In foot, there seems to bo 
general agreement that an experienced pilot reads many of his instruments by 
the directional position of tho noodle  rather than by verbalising a numerical 
value.    This does not minimise the importance- of providing dials of maximum 
legibility for tho less experienced pilot end, particularly,   for students in 
transition training. 

> Considering tho fact that a depot must keep on hand noro than a thousand 
different dials for tho panel instruments of aircraft,  it is evident that 
standardisation would inevitably lead to a signifioaht increase in offielenqy 
and saving of manhours in tho related maintenance departments.    If en effort 
is made to bring about a policy of standardisation,  it w ould appeor self- 
evident that the first consideration should bo that of maximum legibility. 

\ In order to  deteraino what dials aro most loglblo, it would soom that the 
soundost basis of evaluation is to establish comparative norms based on 
aotual porfonnanoe in reading theso dials under controlled conditions. 

Tho order in whioh various types, of dials are being studied in this 
projeot has been determined, in part, by tho availability of oortain dials* 
Of those dials whioh it was feasible to extract from Air Corps Supply,  it 
appoars    that the  tachometer dials, the manifold pressure dials,  and certain 
compass diala    of  the remote indicator typo are tho most promising \tome for 
imraediato study.    This    viewpoint arises gut ef the following considerations* 

I (a)  Pilots arc  gone rally abroad that these are very important instruments and 
refer to them frequently.    (b)'Du© to tho appreciable number of similar forms 
for scales of comparable rango,  it is possible to make comparisons which in 

t many cases constitute a variation in but one major factor of dissimilarity. 
(c) As a result of the    largo number of divisions in those    scales it is 

•! possiblo to  conduct a strictly quantitative comparison of the rolative legi- 
bility of two comparable dials.    Any goneral characteristic  festering logi- 

r bility whioh oan bo identified in theso quantitative owuparisons may well be 
•i applicable,  in some degree, to instrument dials with aivlsions that are more 
' gross, and would serve-.a6 tho basis for tho design of improved farms of ex« 

V       perimental dials.    The. material of this report is restricted to evaluations 
of certain tachometer dials. 

i 

\ 
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Experienced pilots inevitably becono very familiar with particular efials.. 
This'would  tend to affect their performance in reading dials vhich are.no^ to ' 
them*    In. consequence,  it seemed llkelv that neive subjects,    ould provide-©ore 
valid data,, end the •present, studv was carried out on casots Tilth,  for tho 
moet part, not: ..nor* than ten. (10) hours. 6f. pilot t*e£ning, '•'• ••.,   , 

' the exfJpsuret epparatus consists "of a tnas'onite panel si^teott inches •(l6,l) ••' 
in width by.twenty inches  (20"5 in height ^hich contains c row of four (U) 
autosy.n indieetors covered h   individual shutters  (§ee Fig,  l).    The center- . 
lino of the four  (4)  indicators is fourteen inches -,(14")  from the base of the 
panel,  and  the dials are speced three   end three-eighths inches  (3-3/6") 
center to center.    Ihe instrument penel wes supported on a desk directly in 
front of tho subject who was seated during the   test.    The top of the desk 
was approximately thirty-two inches  (32")  above the floor,  end the' front 

. Stfgt. of the ..panel wes twelve^ inches  (12") from the subject's, edgj^ of^thcj desk. 

A. control box conteining a battery of stepping switches made it possible 
to present,  automatically,  a seri;- s of one hundred and sixty (160) dial 
settings.    The four (4)  instruments isere exposed in en irregular sequenco so 
that the subicct could not anticipate with any degree of accuracy which dial 
was to be read on a particular trial".   .'The control mechanism shifted the hand 
or pointer of an instrument Just beforo the shutter exposed  tho dial.    The 
aerie ft- of dial settings T-cre arranged, in n counterbElenced  or ". "  ,©'r,'i,B" "fA" 
order so that the factor of learning Mould tend to be equatcc1 for the various 
dials. '   : ' .     ' 

• Before a ctdct res tested on a pr." ticular group of four  (4)  instruments 
he was allowed to study the dial's for several minutes while boing boabbod on 
ttu   manner in v/hieti the dial settings '.mr    to be rad.    The  first twelve   (12) 
settings in the  =;cric s of one hundred and sixty  (160)   trials constituted a 
prelimincry practice series.    For this preliminary period the time interval 
switch- w^-s set so that ccch exposure wrs four (4)  seconds in length.    During 
this prpefcee series the subiects wor^   corrected for any crrdr in naming 
the scalo units.    The next sixty-eight (68)  trials constituted the first 
portion of the test proper.    These  trir.ls -"ere given with an exposuTO interval 
Of 1.5 secdihds. - The lest portion of the  test,  trials oighty-ortO "(81}  through 
one hundred and sixty (160), wero.g^.von with on exposure of .75 seconds,    Suc- 
ccssivo trials wrc  rdministcr^d at r rctc  of ten (10) per minute, or onb  (1) 
exposure every six (6)   seconds*    This ret/: remained constant throughout all. 
portions of the  experiment regardless of the  lenfth of tho  eotu'l exposure 
itself.,•   The.-subject read the die! retting into a microphone rnc   the opor'r.tor 
outside  the experimental room recorded tho reeding.    No subject wrs usod for 
more then one' (1)  comparison or we a g:vcn more   than one hundred nns sixty 
(160)  trirls.   • 

In measuring the legibility of various dials,  the two  (2)  instrument, 
frees'to be comprrcd were   always alrccd in the central positions.    Instrument 
frees which *vere^ dissimilar from the .dials being compared were pieced in the' 
outside positions in ore'er to force  the subject to identify tho unit of the 
scolo he was reading os well as .the numerical volue of the  setting. 

After many.weeks of preliminary investigation and tho runring of experi- 
montrl controls,  the following points emerged as precautions thrt should be 
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obaorvod in order that differences could be justifiably escribed to certain 
characteristics of  ttic dials, pbr'se,.'rather 'than "to "the dial ftOsti'on,  the con- 
figuration of the four (4) dial's;  or ':-iVctor's in toie general oxtoerimentel routinef 

a.    The  two (2)  central dials b. inc. compared should have  an equal 
number of even-division or "oasy" readings.  That is to 9£.y, if one of th? 
two (2)  dials ia given a large number of even-division settings end  the 

•   other dial settings fall large-ly at mid-division points', & difference .may 
appeer which is an srtifpet of the inequality in.the two (2)  series of 

« sc ttings. 

b. If the   two (2) external dials are markedly dissimilar,  one  (l)  of 
•the two (2) central dials may heVo e certain degree of ^dva'ntago over thfc 
other.    This dots not seom to bo : ntircly a positional relationship nor 
is it e. clear cut effect of scries position.    Both factors appear to 
err etc differences in the accuracy of reading the two (2) central dials 
which mev mrsk true but slight differences in tho legibility of tho pair 
of instruments being evaluated. , 

c. Reflections from the gla*s covers of the insturincnts should be 
eliminated if the true; differences in difficulty of tho dials themselves 
is to be measured.    In certain comparisons it has boon found  advisable 
.to te.ico readings of the dial settings when tho glass covers have boon re- 
moved from the instruments in order to insure that reflections were com- 
pletely, eliminated. 

d. Calibration readings should bo token by trained observers at each 
test session to establish the  true values of the dial setting s. 

Comparison Tumber 1. 

Tachomoter with four (4) mid-division lines vs.  tachometer with 
no mid-c'ivision line. 

Figure 2 shows f»ill scalo photographs of the  Wo (2)  tachometers which 
were used in this comparison.    A mrjor differ'nee between the, two t>2)' secies is 
that Dial No. 1 (no typo designation) hes four (4.)  short mid-fli-"ision lines in- 
dicating the twenty (20) R.P.M. points on the  scale, whereas Did Fo.  2 (tyoo 
E-10 modified)  which originelly hr.d single mid-division lines for the fifty 
|50) ,R..P,!\ points has .had these .mr.rkd obscured with flat Jblsck.pv.int.    The   • 
pecpmpanying^photographs vrere trken under direct r.nd intenso lighting of the 
dial.    Whon 'thesu dicla v.cr-j mounted on the rutosyns in the exposure apparatus, 
tho only lighting wr.    from a coiling fixture directly above  the instrument  • • 
panel.    Under rotual te=t conditions,  threfore,  the flrt black peint used to 

< obscure the mid-ciivislon mrrks of Dirl No. 2 «c.s bprely perceptible Subjects' 
were required to read both t.-chometcrs to the nearest twenty (20) R.P.M. Only 
the right-encinc pointer moved,  the left-engino pointer was fixed at the base of 

*      the scale. 

Twenty-Big1.-1 (28)  subjects rare run on this comparison resulting in a total 
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of of four hundred end seventy-six (U76)   readings* with an exposure time  of 
1.5 seoonds and   five hundred and sixty (560)  judgments with an exposure time 
of .75 seconds.    The respective percentages of error  are shown just below. 

Dial 

No. I (h midlinos) 
No. 2 (No midlino) 

No.  1 (ij. midlinos) 
No. 2 (No nidlino) 

Exposure Error 

1.5 seoonds h£>% ) 
1.5 seconds 3l$ ) 

• 75 seconds ijl$ ) 

.75 seconds "${$» ) 

T-value  showing significance of 
difference in two percentages. 

3.77 Clearly significant 
ab the 1% level. 

3.[(3 Clearly significant 
at tho l/o lovol • 

Eighty-two (82$) percent of the subjects proforred tho dial with no mid- 
division lines.     Fourteen (il$) percent of tho subjects preferred- the dial with 
four (I4.) midlines.     The remainder oxproased no preference.   .. 

Thoso data clearly indicato that the dial without any mid-division lin a, 
is more legible than tho dial with four  (h) midltnes.     Tho majority of tho 
subjoots oxpressod a proforence for the qipre simple dial* 

In addition to tho major difference botwoon Pial No.  1 and Dial No.  2, 
namely, the  presence of raid-division marks,  the**© &ro two minor difforoncos 
which might bo considered briefly in evaluating the supbriority of; ono dial 
over the othor.    Dial No.  1 has  slightly larger figures than.    Diet} No. 2. 
This factor mm' not bo of any practical  significance but in any oaso it should 
oporato in favor  of Dial No.  1. which vnxs demonstrated to bo inferior.    A 
further point of difference can -bo observed by oxamining the  oxtromitios of the 
seal©    for Dial No. 1.    Tho  figuro thirty-fivo  (35)  is  so nonr    tho thirty- 
fourth (3Uth)  division mark that it may p**ovo confusing.    At the othor ond of 
the No. 1 scale, tho zero mark imposos a spooial  scale  for values under four 
hundrod  (ItCO)  R.P.M,    To obviats these complications the dial  sottings woro 
soloctod so as to oxcludo any ' readings above thirty-four hundrod (3'jDO)  and 
below four hundrod (i»00). 

* Noto:    Tho tost sories consisted of sixty-oight (68)  readings at 1.5 seconds 
exposure  (following  the  twelve (12)  preliminary readings)  and eighty (80) 
readings rt  .75 seconds expoeuro.     Tho readings woro  divided oqually among 
four (J+)' dials so that ton (-10)  subjects,  for oxamplo, would give a total of 
only one hundred and  oovonty (170)  long-c;xpo3urc  readings on tho contral dials 
which woro being compared and" two hundrod (200)   short-oxposuro readings  for 
oach of tho same dials. 
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Comparison iMumbor 2; 

Tachometer (B-IO) with ono (l) midlinQ unchanged vs; tachometer (T5-l<}) 
with mid line obscured.    Small numbors are,, loffb intaot QII both dials. 

Twonty (20)  subjoots vtcrc run on this comparison loading to a total of. 
throe hundred    and forty (3<taQ).. roivdinss .with oh oxposuro time of 1.5 soconds 
and four hundred (hPQ)  readings with on"oxpbsuro timo of ,75 soconds.    kubjocljf 
woro required to road both tachomo'tQrs to tfoo .noarost. fcwonty (20) R.P.H.    Only 
tho right-engine, pointer changed position,during tho..  series.    Tho respective'• 
porcontog08 of error aro shown below.    Half of tho sorics was run;W,i£h Dial 
flo. 2  in tho loft central '   position and half with Dial No. 2 :in;,H%.. right 
central position.    This' is »• standardtopniMOdurptUS.qd "%ri ai!l.(comparisons of. 
fchl'rreport,.   r'••       '""' •-    •';'•••=.;•>:' •'•' •••••,...., '....;.;,''.."; 

Diel 

No. 2 (E-10 no midlino) 
No. 3 (3-10 unchanged) 

No. 2 (E-10 no midlino) 
No. 3 (3-10 unchanged) 

Exposure 

1.5 seconds 
1,5 seconds 

•75 aooonds 
•75 sooonds 

Krror 

3295 r* 

W° ) 

T-valuo indicating si^iifi* 
canoe* •. 

.26 No significant difference. 

2.06 Significant at the 
lOVOl. 

Thoru was no cloarcut profor-noo for either dial although Dial No.  3,appcarod 
"somewhat more popular. 

* '. 

Thu experimental data just above indicate that. ,th.ov difforonco between 
dials was not significant  for tho longor exposure period. 'At tho shorter 
exposure interval,  tho dial r>ith the midlinc obscured omorges as a somewhat 
easier dial to road although tho sizec, of the difforenoo is not as striking as 
in Comparison Numborl,    It would appear, therefore,, that for brief exposures 
tho  simpler dial is aomowhat ocsicr to road than tho dis?1  with tho fifty (50) 
R.P.H, midlino m»,rk.    ....... 

Comparison Number 3« 

Tachometer (S-10) with midlino obscured vs. tachomotor (13-10) with 
midlino and    small numbers obscured. 

Twonty (20)  subjects woro run on this comparison loading to a total of 
three hundrbd and   forty (3l|D)   readings ct  bho 1.5 second oxposuro and four 
hundred  (ijQO)   readings at the  .75 second exposure.    The rospootivo percentages 
of error are shou-n bolow: - • 

• 

4 

Dial 

No. 2 (B,10 no midlino) 
No. U (E-10 no midlino or 

small figures) 

No. 2 (S-10 no midlino)   . , 
No.'U (E-10 no midlino or 

small  figures) 

Expo8ure Error 

1.5 seconds $lif> ) 
1.5 seconds '     32$ )" 

•75 seconds        39> ) 

.75 seconds 3554 )" 

_  -K- 

Ti-vaiuo indicating signifi- 
cance. 

.56 No significant difference. 

.1,18 No significant effect. 



Those figures  indicato that th- presence or absoncc of tho  small numbers 
in the 3-10 dial,   taken -alone,  produces no statistically significant difference 
in legibility as tho torn is usod in this pIporT     •Jhateyci?" difforonco there is 
tends  to favor the more simple dial*    There was no cloarcut preforonco  for 
either dial cxpressod by  the oadots. 

Comparison Number U« 
•" ' 'I'   "       l-J-J   "" '•'•    •'"•"! imnw 

Tachomotor (E-10) with midlino obscurod vs.   tachomotor (B-10) with 
midlino and small numbers obscured.    Subjects 7/caring rod'goggles while reading 
dial  settings. 

Twenty (20)  subjects wero run on this comparison loading to a total of 
thrco hundrod and forty (3)<0)   readings at an oxposuro time of 1*5 sooonds and 
four hundred (IjOC) readings at en exposure time  of ,75 soconds.     Rod giggles 
which cut down the transmission approximately seven (7$) percent wore worn by 
tho subjeots in ordor to ;iotonaino whether the minor difference found in 
Comparison No.  3 would bo sustained undor oonditibns of diminished visibility* 

Dial ixpoaiu ro 

No. 2 (E-10 no midlino) 1*5 seconds 
Wo* I4. (B-10 no midlino or    1*5 seconds 

smell  figures) 

J3rror      . T-valuo  indicating signifi- 
canco, 

52/' )        2.10 Significant at tho  5$ 
60^. )*r-     1 enrol. 

So. 2 (B-10 no midlino) .75 soconds 
No. U (E-10 no midlino or    ,75 seconds 

small  figures) 

60/, ) 
6lf, ) 

.29 No  significant difference. 

A majority of-the-'subjects preferred tho  simpler of tho two dials. 

Tho figures just '-oovo indicate that vihilo the subjects aro wearing rod 
goggles which diminish the transmission of light,   at tho  1.5 tiocond oxposuro 
the simpler dial is road somewhat more aecuratolv than tho dial with tho small 
figures,     fhore  is no significant difference botweon tho two (2)   dials  at tho 
shorter exposure period. 

When the  subjects were interviewed as  tb their preferences  in  theso dials 
a considerable number of thorn indicated that the small numbers tendod to con- 
fuse them,     vftsen questioned further,   it rppoarod that the smell  figures tendod 
to attract tho attention of tho  subjects and in trying to dociphor them they 
wore slowed up in estimating tho position of the  dial hand.    On tho basis of 
those intorviows    the hypothesis ma,-»- be advanced that when the subjects wero 
wearing rod goggles the visibility was  so low thut, at the ,75 second oxposuro 
tho small numbers had no appreciable distraction affect,  and for all practical 
purposes tho tevo dials wore tho  oamo.    At tho  1.5 socond exposure interval, 
oven with reduced visibility, tho small numbers  tended to attract tho subjects' 
axtoniion sufficiently to interfere with their estimating tho pointer's posi- 
tion.    In tho previous comparison (Fa. 3) i-Jhoro  the samu dials woro road \vitK- 
out glasses the visibility'was such that  only at tho short exposure v/as  the 
distraction value of the small numbers  of any approciable significance.    \Yhe.t- 
©vor the validity of this hypothesis,   it may bo said that    any difference that 
appears is  in  favor of tho more   simple  dial.     Or convorsoly,   it  can be  stated 
more positively that in none of tho comparisons   for oithor short or lone inter- 



vals have the small numbers contributed significantly to oithor tho speed or 
accuracy in ropding tho E-10 dial. 

Comparison Nurobor 5» ' (Control) ' •'-' 

.,   Tachometer (E-10) no* midlino or small   figuros vs. tho samo dial,  i.e., 
tachometer  (E-10) no midline or small  figures. 

Forty (Uo)  subjocts woro run on this comparison loading to a total of 
six hundrod and eighty (680) readings rt an exposure  time of 1»5 sobdnds    and 
eight hundred (800)  reading at an Exposure time of ,75 seconds.    Half of the 
subjects wcro run with ono of tho  identical dials in the loft contral position; 
tho socond half of tho group was run with one of tho identical   dials in'the 
right central position,    Comijarison Number 5 w*s institutod in, order to make 
suro that thorc was not somo  slight difference in two  (2)   dials qf the same. 
style and form which might load to i\ minor but consistont difforonco. 

Dial 

No. ij (E-10 no mid lino or      1,5 seconds      23'/o ) 

Uxposuro        .    ^!rror T-valuo  indicating  signifii- 
cance. 

. small  figures) 
No. i+ (S-10 no midlirio or      ] ^ seconds 

small  fi»nros) 
Z&i ) 

\ ,87 No significant difference* 

•$ 

No. i| (3-10 no raidiinc   or       .75  yuconds       1$% ) 
)- 

20# ) 
,50 No  significant difference. 

.75 seconds 
small  figures) 

No. 1+ (E-10 no midline  or 
small   figures) 

No preference was expressed for  one diel or position owr the other.dial or posi- 
tion. 

The various comparisons which have boon considered in this papor can bo 
summarized by    stating that the  fowor tho   subdivisions,  tho simplor or   'closner' 
the dial,  the more logible it proves to bo. 

As a consoquenco of these findings specifications have boon drawn up for 
four (h)  experimental dials which constitute variations of the E-10 typo of 
dial.    Thoso new forms will make it possible to ostablish,  under systematic' and 
controlled comparisons,   tho  relative  significance of tho following factors: 

a. Legibility of main division marks  that arc half the width of the 
pro sent linss  on the E-10 dial, 

b. Relative legibility of division numbor3 that arc larger than the 
present figures,   '•:»'.' • 

• c»     Relative legibility of a scale whore number-  somewhat smaller- 
than thosu of tho  E-10 dial aro  placed at all main divi^ioias. 

Arrangements have now boon completed whuh'mako   it possible to have those.i 
dials made up at tho Kelly ^ield engineering shops so that  they will conform 
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in style and workmanship to  tho   standard E-10 dial. .     It is plonnod to  tost 
these dials undor ultraviolet irradiation as well as conditions of roducod 
reflected light ao as to dotormino tho overall legibility of tho  finor main 
division linos and.-»tJior''mod3,fic,p.tions. 

Wiiie those "die.Is and altornatc  forms  for manifold prossuro indicators, 
romoto indicating; compass    indicators,  and climb indicators arc boing con- 
structed,  various stylos of instrument pointers arc boing testod to  S3e if 
the  aroa of fluorescent paint can bo roducod without decreasing tho logibility 
of the total assembly.    These pointers aro boing tested undor conditions of 
ultraviolet excitation as well  as  roflectod light. 

Conclusions: 

Various modifications  of tho Typo E-10 tachomoter dial have boon compared 
as  to logibility at 1.5 socond and  .75 second oxposuros. 

The data aro consistent in demonstrating that tho dial without any sub- 
divisions givos rise to fewer 'errors, v/hen road at briof exposuro intorvals, 
than dials with one* (1)   or  four• (A.;)   subdivision J.inos-. 

'   '     Specific" investigation has demonstrated that the    small numbers'of tho 
E-10 dial  do not improvo tho  legibility of these typos of indicator faooe.. 
'ifhero differences do arise tho dial    with tho styall numbors tends to be in- 
ferior to tho more simple dial.. 

Upon the basis   of the present findings  four (U)  now experimental  dials 
aro being constructed at Air Corps engineering shops which will bo  similar in 
workmanship to the standard 3-10 tachomoter dial and will make it possible to 
establish  final specifications   for optimum logibility as it is  affected by 
width of division lines  arid  size of numerals. 

Ponding the   delivery of those new dials; various  typos  of indicator point- 
ers aro being tosted to soo if the area of luminous paint can bo diminished 
without reducing logibility. 

Final  reoommond^tions  of a strrdardized tachometer dial  will  be  drawn'up ' 
upon tho completion of measurements •.;xi those modifications  of tho E-10 tacho- 
meter dial.    Those measurements can  bo carried out  in a short period  of time 
as all basic controls, havo been comnloted in tho  present study, 

Tho proscnt study has included v.n investigation of dial pattern and the 
influence of rolntivo difficulty in tho  specific  settings  of dials  being 
testod.    '-The  investigation has shown that these  faotors must bo carefully con- 
trolled  if results aro  to bo ascribed tc differences  in tho  specific  dials 
boing compared  nvther than to artifacts  of tho gonerel   oxporimontal    set-up 
and routine. i 

Using the  .^onoral  principle established in this  investigation that the 
morO  s'imple the dial,   the more  legible  it proves  to bo,  modified  forms  of stand- 
ard manifold  prossuro dials,   remote  indicator compass  dials,   and climb indicator 
dials  are being constructed  so that svstone.tic comparisons can be  rur,. which will 
ultimately make it oossiblo  to  formulate  specifications   for maximum legibility 
in theso typos  of instrunonts. 

L 





**gare 2„  Comperlton lumber 1.  Tachometer with four mid-division line* vs. 
tachometer (£-10) with mid-line obscured. 

Dial No. 1 Dial No. 2 
46$ error at 1.5 sec. exposure 34$ error at 1.6 sec. exposure 

(Significant difference at 1$ level} 

44$ error at .75 eec. exposure 34$ error at .75 sec. exposure 
(Significant difference at 1$ level) 

Figure 3.  Comparison Number 2.  Tachometer (S-10) with one mid-line, unchanged, 
v». tachometer (1-10) with mid-line obscured. 

Dial No. 3 Dial No. 2 
32$ error at 1.5 sec. exposure 31$ error at 1.5 sec. exposure 

(No significant difference) 

41$ error at ,75 sec. exposure 34$ error at ,75 aec. exposure 
(Significant difference at 5$ level) 



"f/ 

„ 

figure 4.      Comparison Number 3.    Tachometer (*-10) with mid-line obscured 
•a. tachometer (E-10) with raid-line and snail numbers obscured. 

t. 
Dial So. 2 Dial No. 4 

344 error at 1.5 see. exposure Z<& error at 1.5 sec. exposure 
(Ho significant difference) 

39% error at  .75 sec. exposure 35> ©rrci at  .75 see* exposure 
(No significant difference) 

\ 
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Comparison 3furaber 4.    Dials as in Cc*pa*-i*on (timber 3 hut subjects 
wearing red goggles that cut transmission ox !«jfct 7$. 

Dial No. 2 Dlr\ No. 4 
52$ error at 1.5 sec. exposure 6C4 error at "' -P sec. exposure 

(Significant difference at 5$ lew.) 

60$ error at .75 eec. exposure 61$ error at .75   ;ec. exposure 
(No significant difference) 

Comparison Number 5.    ISschemeter (£-10) no mid-line or email figures 
•e. tachometer (5*10) no mid-line or small figure*.    (Control) 

Dial No. 4 Dial No. 4 
251$ error at 1.5 aec. exposure 23$ error at 1.5 sec. exposure 

(No significant difference) 

20$ error at .75 eec. exposure 194> error at .75 sec. exposure 
(No significant difference) 
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