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ABSTRACT 

As part of extended studies of hum&a factors in aircraft instru¬ 

ment check reading, two studies were conducted lu one of which sub¬ 

jects check read panels of simulated instruments^ and in the other 

singly presented numbers ranging in size fron two to seven digit f*« 
In the first study, panels of four identioal simulated indicators, 
all aligned at the same setting, ware checked for significant devi¬ 
ations fron the reference setting. This simulated part of the task 

of pilot or flight engineer in checking the engine instrument panel 
of a fourengine airplane. Three panels were oaapared, each embody¬ 

ing a differ .sut common principle of indication. Average time and 

percent of errors of twenty subjects in detecting significant de i- 
ations in setting among four circular dials with rotating pointers 
were approximately half as great as time and errors in detecting 

deviations amc«g four direct reading counters or indicators with a 
scale rotating behind a fixed pointer. 

In another separate study, numbers varying only in number of 
digits (from two to seven digits) appeared in the same exposure 

apparatus as was used above. Time and errors in detecting diftW* 
enees between verbally and visually presented numbers woï3 recorded 

for twenty subjects. Speed and accuracy increased directly as the 

number of digits decreased freat! seven to two digits, indicating 
that in counter type indication, there is almost a linear in0r3e.se 

in time and a similar increase in errors for each addition of a 
column beyond two columns. 
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I. INTRODUCTION 

Increasing knowledge of the nature of pilot activities in flight and 
evidence of the premia enoo of in strum ont check reading among these activi¬ 
ties (5) (6) has occasioned a number of recent studies relating to human 
faotors in aircraft instrument check reading« This research representa 
part of an effort to detemine the beat assign and arrangement of instru¬ 
ments for oheok reading purposes«, It relates specifically to the question« 
la what form may information be presented most advantageously when it is 
necessary only to deteot a deviation from the desired reading on any one 
instrument in a series of like instruments? Also, with regard tò the 
utility of direct reading countersi Ifïhat is the relation between number 
of digits and the speed and accuracy of checking suoh a counter? 

Preceding reports have presented data ooncerning the effects of in¬ 
strument design and instrument grouping on the caaparatiire speed and ac¬ 
curacy of oheok reading» Warriok and Grether (¢) demonstrated the advantage 
of pointer ali-ument for oheok reading instrument groups end the desirability 
of having pointers aligned at the 9 ofolook dial position# White9 (9) 
studying both performance and eye movements during the check reading of 
instrument groups, found ttovfc a moderate dial size (1.75 lach diameter) ïrr,* 
slightly superior to dials larger or smaller in size* Grether and Connell 
(U) studied the oheok reading merits of single indioators utilizing 
rotating pointers, rotating scales, linear scales with moving pointers, 
linear moving scales with fixed pointers, and direct reading counters* 
Changes in setting were generally detected more quickly and accurately on 
an indicator with a rotating pointer or wife a direct reading counter than 
with the other modes of indication* Experiment I of the present study 
evaluated three of these same modes of indio at ion with reference to the 
oheok reading of instrument groups* Rotating pointers, rotating scales, 
and direct reading counters were eornpared on the basis of oheok reading 
responses to the multiple presentation of four idenr^nls horizontally 
aligned instrumente» This latter arrangement is a suitable grouping for 
engine instruments in four-engined aircraft* 

Because of the obvious advantages of counters for presentation 
of numerical data and the excellent results they have 
with other instruments (2), it is desirable kiow swine of tho faotors 
contributing to differences among counters themselves* la ïï 
the factor of number of digits presented on a counter was evaluated ia re¬ 
lation to speed end aoouraoy of oheok reading, with numbers varying in 
length from two to seven digits. Suoh information is o: value in delimiting 
the effectiveness of counter type indicators ano for understanding the per¬ 
ception of numbers* 
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ÏI* EXPERIMENT NO. I 

Chook Reading Comparison of Instrument Groupa Cog31 sting of Rotating 
Pointera» Rot Siting SoalesB^r^Dlr3oi Reading Gaintore 

Furpoaai 

The purpoae of thia study was to determine the influence of modo of 
indioat ion on the speed and aoouraoy of a he ok reading a group of instrumente. 
Three modes of indi oat ion ».are compared; rotating pointers on fixed dial«, 
rotating dial« with fixed pointer«, and direct reading counters. 

Apparatus, Procedure and Subject si 

Throe separate mook-up panels were prepared, each comprising & 7* by 
IJ-H-oh dull black surface on whioh were mounted four identical, horisontally 
aligned simulated instruments, adjustable from the rear. A aotograph of 
one of these panels and the accompanying testing apparatus is ah own in 
Figuro I. The same quantitative information, i.e., infematiow of the kind 
presented by a standard airspeed indicator, was afforded by all of the in» 
struments but the mode oÇ indication differed from panel'to panel. Panel 1 
contained four circular dials with rotating pointers similar to Indicator A 
of Figure 2. Panel 2 presented the same information on iastiaments with 
rotating dials and fixed pointers. On this panel, only a 12C degree aro 
of the rotating dial was visioxt» behind the window framing the pointer (See B 
of Figure 2). For uniformity, readings on both panels were ooc-ii^sd to the 
left-hand dial quadrant, the area previously found boat for rapid 
reading (S). Panel 3 acocsauiodated four three-digit direct reading 
(C of Figure 2). 

Other than the oritioal differences in form or shape, all clemeava of 
the instrument designs were held as constant as possible to minimisa the 
number of dependent variables. Soales, numérala and pointers were identical 
in form and dimension for all instruments, complying with standards suggested 
by the Army-Navy NHG Vision Ccmmittee for research on visual displays (l). 
A 50- to 300-mile airspeed ccale was used on the dial type instruments with 
minor graduations every 10 siles* intermediate graduations every 50 miles, 
and major graduations every 100 miles. Dial faoes and counter numerals were 
reverse (white on black), glossy finish photographs of drawings. 

The three simulated instrument panels were installed direotly behind tito 
window in the IS- by 2iv inch black bake lit*, in such a way that they 
could be interchanged and shown separately in *be 
b&kelite shade which covered the stimulus ''Batanai between tri t 1 s 
ally operated by a string and pulley arrangem^t at :: »0 rear of the t<*s.¢1. 
Raising the shade activated a clock whioh was stop^^ by && «abject ^ien the 
correct response was made. “Upon completion of the response, the shade was 
again lowered, permitting the experimenter to adjust the instrument for the 
next trial. An illumination of approximately 30 foot l&mberta, aa measured 
by the Macbeth Illumincmetor, was maintained at the white markings 013 the 
instrument face80 

As may be seen in Figure 1, the subject held in his lap a two-way toggle 
switch for registering his response. He was instructed to push the switch 
handle in one direction if the four instruments shown were aligaod at the 
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some sotting a??d in the other di root i on if any ono of the four deviated in 
setting frcm the other three,, To avoid the possibility of introducing any 
biae* samo subjects were insbruoted to respirad by moving the ewitoh to the 
left to indicate a “same" response and sane were instructed to respond by 
moving the switch to the right. The clock for timing continued running 
until the correct switch movement was made. In case of error, the subject 
always corrected hie response before tho shade was lowered in preparation 
for the next trial* The exact measure of response time thus constituted 
the interval between the shade's clearing the top of the exposure window 
and the correct switch movement* Knowledge of subjects' switch movements 
was conveyed to the experimerioar thrcwgh a group of signal lights at the 
rear of the panel. 

Following verbal instructions and a brief practice session, the subject 
was seated before the test panol, eyes level with and 22> inches fron the 
display. After a ready signal frcm the experimenterthe shade was raised 
and the subject -. ■ the alignent or misalignment of the four instru¬ 
ments on the exposed panel and indicated his response by manipulation of 
the switch. YfJien the correct réponse liad been made, the shade was lowered, 
time and errors were recorded, and a new alignment condition sec ia the 
panel in readiness for the next trial, mien all of the 15 trials for any 
one pan el were completed, it was removed and another panel inserted behind 
the stimulus window. 

Twenty male students frcm Miami University, Oxford, Ohio, served as sub¬ 
jects. One subject had had about one year of air force pilot training, 
another claimed some civilian flying experience. 

Each of the twenty subjects received the sthiMlus panels in a different 
order, so that each panel appeared an equal number of times at each position 
in the series of three. The fifteen triáis psr ßub^>''fc for sny one panel 
included live trials with all four instruments aligned at 1Ä0 miVs per hour, 
five trials with one of the four deviating 20 miles either way fro* the 1B0 
miles por hour setting, and five trials with cue of the fair deviating J4O 
miles either way from the ISO miles per hair setting. Extensive ocr^t«re¬ 
balancing insured equal distribution of deviations of each direction erd mag¬ 
nitude among each of the four instruments of any one panel. When aewi^ow» 
occurred they were at precise amounts of 20 or i|0 miles fr«m the «•eferebos 
setting but the reference ¿etting itself (ISO miles per hour*' wss Sr® 
strictly maintained. One fifth of the reference settings (of whiou tner* 
were three or four per panel) varied from three to seven miles free 180 oils* 
per hour. This ranged within one graduation mark of the reference ¿setting 
on the scale type indicators« An approximation of true instrument reading 
ccs;Citions was provided by this tolerance as instruments infrequently main¬ 
tain ft static setting. Subjects were to disregard these misaligomects and 
note only deviations of 20 miles (or two graduation marks) or more iron the 
ISO mile per hoar setting. 

With 20 subjects used in e&oh comparison, JOO judgem-aats on each p&2si 
were obtained« 

AF-TR-602I4. >4 



ROTATING POINTER ROTATING SCALE DIRECT READING COUNTER 

MEAN SECONDS PER 

0.88 

i RIAL 
1.4! 

PERCENT OF TOTAL 

8,6 

TRIALS IN ERROR 

14.3 15.3 

Figur« 2« 

RESULTS OF EXPERIMENT NO. 1 
TIME AND ERRORS IN CHECK READING THREE PANELS OF SIMULATED INDIpATORS 

T4FTJÊ I 

"t* Valu«¿ Tor Diffgronoog in Timo to Chook Rea<? TfrrftA Panels 
¿Î Indi oat ors 

N » & ‘ 

Indicator Type Mean Umber of Seo. Difference in Time r^u^art 
Per Trial andl t for thesa oiii*» (in par«fna - 

Dial^ Botatlug So alo Direct 

Dial, Rotating Pointer 0.66 

Dial, Rotating Scale l*i)6 

Direct Reading Counter 

57*?9 
(5.53)^ 

* t ■ 3®' 5 a 001 

52.62 
(9.23)* 

4*97 
(0.60) 
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Resultai 

The mean timos ana percent of errors for this experiment are summarized 
in Figure 2 and Table I* Tnr latter includes nt” values for inter comparisons 
of response time among the three indicator designs* Average times for cheat 
leading and making of an appropriate switch movement were l»ij.l seconds and 
1.146 seconds respectively for counter and rotating scale type indicators and 
0r#$ ssoond for the rotating pointer typo indicator. Differences in perfor¬ 
mance between counters and rotating scale indicators were not appreciable 
but time and errors in check reading the rotating pointer type indioators 
■were considerably less than for the other two indicator types. This superi¬ 
ority of the rotating pointer in terms of response time is significant at 
the .001 level of confidence^ That is, values of ntn as large or larger 
than those obtained would be expected to occur by chance only once in a 
thousand times. 

Fran examination of the data it appears that the direction of switch 
movement did not have a significant effect upon the results. There was no 
demonstrable difference in the performance of subjects who moved the switch 
to the right for / ^ ' response and those who moved the switch to the 
left. 

The error data, llu3 percent errors for moving scale type indicators, 
15.3 percent for counter type indicators and S.6 percent for moving pointer 
type indicators, supports the premise that conditions producing maxim un pre¬ 
cision generally produce maximum speed. Only about half as many errors were 
made on the rotating pointer type indicator as were made on the other two 
indicator types. 

III. EXPERIMENT NO. II 

Speed and Accuracy of Check Reading Numbers Ranging 
frcai T?rõ^ ¿o Seven Digita ~**" 

purposes 

Experiment No. 2 was conducted in order to compare subjects* por loman ce 
in check reading two-, three-, four-, five-, six- and seven-digit rs. 
Speed and accuracy in detecting differences between verbally and view*i¿;* 
presented numbers was measured. 

Apparatus, Procedure and Subjects! 

The displays evaluated in this experiment were 9- by 13-inch bl*ck 
cards in the center of which appeared single numbers of lengths varying 
from •‘'wo to seven digits. The stimulus numbers were prepared by pasting 
prints of glossy finish photographs on the card surfaces. White numerals 
3/1611 in height were used in conformity with standards reoesnmended by the 
Anny-îiavy NRC Vision Committee for research on visual displays., All fea¬ 
tures of the displays wer© held constant except for the critical variable 
of number of digits making up the numbers. 

AF-TR~602Í4 
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With slight modification to accoimnodût© the new type of stimulus material, 
the exposure apparatus described in Experiment No. 1 wao adapted for use in 
this second experiment. The simulated inetrumœit panels previously used ■werp 
replaced by the stimulus cards, held in place by a spring lover mechanism ar1 
interchanged at each trial,- a single number appearing on each card. The 
subject's task was to listen to a verbal presentation of the number spoken by 
the experimenter and to compare it with one appearing in the exposure apparatus 
immediately following. Numbers were read as discrete figuress tt2-7"3n rather 
than "two hundred and seventy«three.h Approximately two seconds intervened 
between the auditory and visual stimuli. If the two numbers were the same, 
the subject responded by throwing the toggle switch to the left, .and if dif¬ 
ferent, to the right. Two thirds of the examples given required ‘‘different5’ 
response g. As formerly, the experimenter was informed of the subject's choice 
through a group of signal limits to the rear z? the panel. In case of c nor 
the shade remained up until the correct response was madec A standard aleo- 
trio timer measured the interval between the raising of the shade and the 
correct response so that in case of an incorrect response the time recorded 
included the time required to recognize and correct the error, beyond the 
time of the initial response. 

¿^lection and arrangement of digits comprising separate test items were 
subject to rather extensive counterbalancing procedures to insure results 
free from the influence of particular combinations and arrangements of 
No digit followed itself or appeared more than once in ¿ny digit series. In 
no instance did the spoken and printed numbers differ frem one another in 
more than one digit, nor was the deviation ever greater tnan unity in the de¬ 
viating digit. The position of the deviating digit in the series was 
matioally varied. In order to maintain as much unity as possible among the 
various sized numbers, the same oanbinatiOTS of digits appeared in examples 
of each size. Thus 12 seven-digit numbers were derived by suffixing succeed¬ 
ing digits to 12 basic two-digit numbers until the seven-digit length was 
reached. The three-digit number derived frem the basic two-digit number U3 
might be SJi3 and the four digit number 7*51+3• ®to. Post-test oemparisona re¬ 
vealed no inherent difference* in difficulty among these various digit se¬ 
quences. 

With 12 examples of numbers of each size, a tot“*1 vf 72 problems was 
obtained. After a brief practice session, these were presented in randan 
order in a single experimental session. 

The ten male subjects serving in the -'xp*;**ijiv3/d recruited frei» 
among personnel of the Aero Medical Laboratory, Tiright-rat+arson iC* Fore« 
Base. Five had some familiarity with the experimental teohaiqu* th:-V,g¿/ 
participation in previous check-reading studies. All had un corrected normal 
vision. 

Results; 

The average response times for each of the six number sizes, obtained by 
averaging means for all subjects on all of the 12 baai? digit oanbinations, 
are recorded in Table II, a lesa g with the percent uf responses in error. Aa 

AF-Tft-6024 
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TABLE II 

Time and Errors in Chock Reading ïfamhers Ranging 
-T^Ynõ~£cTTjven Dibit's In'Tengfeh ^ 

----if «"To 

Two-Digit lumbers 

Three-Digit Numbers 

Four-Digit Numbers 

FiTO-Digit Numbers 

Six-Digit Í4i¿;b«r-s 

Seven—Digit Numbers 

Mean Number of Seconds 
Per Trial 

o*64 

0.75 

0.S6 

1.04 

1.2& 

1.45 

TABLE III 

% of Total Trials 
In Error 

2.5 

7.5 

10.0 

H.Ó 

12.5 

10.0 

Significance of Differences In Average Time (in Seconds for 
---EheoE lea5Bg toong jg* Sited Numbers 

á - Sí 

Length of 
Number 

2-Digita Diff. 

3-Digit8 Diff, 
ntn 

4- Digits Diff. 

5- Digite Diff» 
«t*1 

6- Digits Diff. 
it^n 

3-Digit8 4-Digits 5-Digite 6-Digitd 7-Digit8 

n.ll 
6,6¾ 

0.22 
5.64 

0,11 
2.37 

c.4o 
2.27 

0.29 
5*27 

0*12 
5.35 

0.64 
10.S3 

0.55 
5.57 

0.47 
S.fcS 

0.¾ 
5.0v 

0^1 
10.72 

0.70 
9.22 

U.59 
6.17 

0,41 
Ö.1Ö 

O.I7 
3.¾ 

* Values of "t" above 3.¾ would ooour by ohouoe losis : - i time in 100. 
Values of t't.n above 2.26 would occur by chance loss . ;iniea in 100 
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May be üecn from the table, the average time of *03 seooDds required to check 
read two-digit numbers increased to an average of ].i£ seconda for the seven¬ 
digit numbers* It is apparent that a direct relation existed between the 
length of a number and the time required to check and make a discriminatory 
response to that number. A progressive steplike increase in mean response 
time occurred with each one-digit increase in the length of a numbor. These 
differences in response time were all reliable beyond the 5/» level of confi¬ 
dence (Table III). In fact, all but two would occur by cnance only one time 
in a hundred if no actual differences existed. 

The error data, as shewn in Table XI also indicated a progressive increase 
in difficulty as size increased, varying fron 2-1/2 to 12-1/2 percent of all 
responses for any one number size. These results are less consistent than the 
time differences, as might be expected from the small numbers being compared. 
About one eleventh of all responses made were in error. 

IV. DISCUSSION OF RESULTS 

Close inspection of the task confronting the subject in check reading 
each :1* bhree instrument panels of Experiment No. I corroborates the 
resujta obtained. The general superiority of rotating pointers over rotating 
scales for check reading tasks (as sbew^ in Experiment i) can jrobably be 
attributed to the difference in the cues provided in the two oases. Cheng* 
in indication cf a rotating pointer dial alters scale and pointer relationships 
but all that la necessary to observe, when merely checking, is change in angular 
position of the pointer. In the case of the rotating dial, however, check 
reading probably requires reading of one or more of the numerals on the seal«. 

In a tachistoscopio study of dial design by Sleight (S), quantitative 
readings (i.e., noting full numerical value of the indication) were more 
accurately obtained from open window type indicators (horizontal drum rotating 
behind fixed pointe*) after brief exposures than frean either circular or 
semi-circular dials (rotating pointers) or from vertical or horizontal scales 
(moving pointers). The diecrep£ü:oy bet^con these findings and the findings 
of the present study which favor the rotating poiatõ. lype indicators own be 
explained by careful definition of the nature of the- Actual num-rical 
readings rather than mere evidence of change was the InfoiTnation sought by 
Sleight's subjects. Mere observation of pointer displacement wae of no value. 
In fact, assurance of a constant pointer position from tr'to trial, thus 
obviating search for the pointer location on each new trie.-.. '*' ’ '1 t" rr-' 
step the task of obtaining quantitative res^in"" fr«: a fix*** pointer iadic&l ..r 
over the task of obtaining the same reading frum a rotating pointer Liai cat or., 

It is only logical to expeot that the simpler an indicator is designed, 
within the limits of desired accuracy, the less difficulty there will be in 
reading it* All actual comparieons have shown that direct reading counters 
present numerical information with minimum possibility of interpretation or 
perception errors (2) (3). However, in the case of check reading, this indi¬ 
cator may be lacking in certain valuable cues provided by changes in scale 
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and point or rolationships. In aircraft ©«peoially, it is oanmoa xor xndi- 
oators to fluctuate continuously from static settings* Unlike so®-!« type 
Indicators, si fluctuation of even one mile iu a counter type indicator would 
aJ.ter the appearance of the indicator considerably* The difficulty in dis¬ 
tinguishing these marginal fluctuations from aignifioant deviation*» is a 
major reason why count are show up poorly cs chaok reading tasks in comparison 
with the rotating pointer type indicators* 

With regard to the proper number of digits to be used in a oewnter to 
obtain satisfactory results, the criterion is, of course, the precision 
required*' Even an increase in precision of three beyond two digits costa 
appreciably in speed and aoouiftcy of check reading. 

These observations demonstrate the extreme importance of defining the 
exact conditions of the t*sk ssd of confining inferences to the data. Rela¬ 
tively peripheral factors such as the comparative number or spacing of scale 
markings, for example, might operate to significantly change the Position of 
any one indicator. :,ould be pointed out that at no point in either eludy 
of this report was tjaò ¿.ubjeot required to read an indicator tfiioh *as omag- 
ing fron one value to another. Cans taut change in indication might be ®x- 
oeoted to influence the readability of some indicators more thaii others. I- 
should also be noted that in any actual flight situation, check reading is 
only one of several simi’ir operations. Retention of a numerical reference 
over a period of interpolate; activity may well be loss perfect Ih*.* retention 
of pointer position relative to itself over the same period. 

The superiority of the rotating pointer indicator (with readings centered 
in the left dial quadrant) accords with findings of related experiments for 
direct presentation of data when indicators are merely to be checked for 
alignment at the reference setting (U). It is evident that the most oaomon 
aircraft Instrument, a rotating pointer on a oiroulär dial, is an excellent 
type of indication for check reading jurpoo^s^ 

7. CONCLUSIONS 

Fran the findings of these experiments, it may be caooludedg 

U m check reading a row of instruments (i.e., determining 
deviations of one indicator in a row of similar indicators fluctuatics 
frein precise referenoe values), rotating pointer indicators with th* r^crenoe 
value centered in the left dial quadrant are in general superior to rotwng 
scale indicators with fixed pointers in the left dial quadrant and xo direct 

reading counters. 

2, The speed and accuracy with which singly presentad numbers may be 
check read lacreases directly as the number of digits decreases Iras seven to 
two digits. 2heso results are related to the performance to be expeled in 
the check reading of direct reading counters. 
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