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ABSTRACT

This report deals with an investigation of the effects which
origin location, scale break, number location, and contrast direction
have upon bhe speed and accuracy of diaý reading. Specific errors
which are examined and discussed include reversal errors and errors
of plus one numbered scale division. Týe data are based on a total
cf LO,400 readings contributed by L6 subjects tested in a group test-
ing situation.

iithin the limits of design variation studied, the results indi-
cate that the be.U desifn for a simple dial which is to be m-nbered
every 10 units and read quantitatively at any and all scale values,
is one "whi~h has a scale break at zero, locates the zero near the
bottom of the dial, and lo-ates the numbers outside the scale. At
daytime illUMination level3 like those used in the present experiment,
it makes no difrence whether the dial is of black-on-white or
white-on-black desip.

Both the error of plus one numbered division (plus 10 units in
the present case) and the reversal error are found to be associated
with the readin, habit of consultin- the scale numbor which is
nearest the pointer. The plus 10 units error is most coouon in the
numerical scale region 0 to 9 no matter where that reion appears
on the dial. 7% reversal error is more oomon in the lower half
of clockwise diaAs where the scale proceeds from right to left than
in the upper hal where the scale proceeds from left to right.
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DES5rIG-I 0 IF 2 1T.T DIALS FC'R EAXE{•U' LECMIILITY

Part V. Origin Locastion, Scale -Preak, Nun•ber

Locationr,and Contrast Direction

I. INTRODUCTIC

This experiment was planned with several objectives in minds

(1) to learn more about the origin of the / 10 units error on scales which are num-
bereo 4very 10 units. This error has been describid by Kappauf and Smith (1950a) as
occurring with especially high frequency in the scale region between 0 to 9. Fact-
ors suggested in the foreSoing paper as possibly related to the occurrence of this
error included location of the scale origin and presence or absence of a scale break
et tuhe ori;in or zero mark. Acoordingly it was planned to study these variables.

(2) to inquire into the dependence of reversal errors on dial design. In partioular,
a good opportunity to examine the influence which seale direction mirht have on these
errors was promised once the varisble of scale origin looation had been manipulated
in order to satisfy objective (1).

(3) to determine whether there is a significant differenee in gross error frequency
or in reading time between dials where the numbers are arranged inside the scale air-
cumferenoe and dials where they are arranged outside the scale. Instruments which
have dials with numbers inside permit the use of a more expanded scale within a given
area of panel space. For the most part, therefore, they can be read with greater
interpolation accuracy, having a longer are per scale unit or, in the terminology of
Garner and Gobhard (1949), a greater size of "called interval" (see data of Grether
and 't~illiams, 1947 or 1949; Kappauf and Smith, 1950b). Should it turn out, however,
that gross errors are more frequent on dials with numbers inside, even when number
reading confus ions are minimized through the use of slender pointers, the additional
gross errors would probably outweigh in significance the interpolation advantage of
these dials. This would point to the adoption of the numbers outside design where-
ever practical.

(4) to determine whether there is a significant difference in the frequency of gross
errors or in reading time between black on white instrument dials mad white on black
dials. Chalmers, Goldstein and Eappauf (1950) have inferred, from indirect evidence,
that contrast direction should have little effect on dial reading, but it remained a
part of the laboratoryl's program to obtain direct data on this variable as soon as
convenient in some other experiment.

eAmong those who assisted in the conduct of this experiment end in the processing of
data were L. Boekhoff, R. M. Brown, 3. L. Chalmers, 'M. Goldstein, C. Payne, H. R.
Van Saun.

USAF-TR-6366 -1-
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The present investigation was thus concerned with the study of two specific kindsof errors and with the evaluation of a series of dial design variables: scale originlocation, scale break, number location and contrast direction. Per convenience inassessing these variables, the scales chosen for study were alike in scale range,
graduation and nuzbering. All were graduated and nunbered by tens from 0 to 50. Theknown low frequency of gross errors on scales of this sort suggested the need for alarge number of reading trials and, in fact, for some form of group testing situation."The study, as reported below, involved the testing of 46 stbjects who made a total of4.0,400 readings. More data would have been desirable for some of the breakdowns, butw,,ork had to be terminated when it became necessary to reliiquish the laboratory space
bein- used for the study.

'When referred to in other renorts of this seri.es, the present investigation will
be oal.[eu E-xperiment 6.

II;u% APPF T'J _--2ULF~0Z~

:.quipment was developed which permitted the simultaneous testing of as many as20 vubjects. Subjects sat in a short three-row section of bleacher seats at distances
o0 8, 10 and 1, feet from an e:.- ended black screen at the center of which the testdia1s were oxposed. The dials werc , 'sented in sets of 12.on large ply.od panels,ftur by four and one-half feet in size. Four such panols had boen oonstructed. A:aohus susw-ended from. rollera on in overhead track so that it could be maneuvered quicklyinto display position. A panel, having been brought to this position, was exposed tothe subjects by the lowering of a.black cloth curtain. .ihen all subjects had com-ploted their readings, the curtain was drawn, the panel slid aside and a new panelmoved into place. The dial pointers on the withdrawn panel wete then reset in anti-cipation of the reuse of that panel several trials later. Panel orders were varied,ai •e:ll as dial arrangements within panels. Panel illumination was not specifically
controlled, but was always at a "daytime level" as provided by a combination or gen-cral daylight room illumination and the light of two floodlighting tungsten lamps.1:inor variations in illumination at this level are knomn not to affect reading timesor the incidence of gross errors (see Chalmers, Goldstein sad Kappauf, 1950).

i,-ht of the 16 dial types which were studied in this experiment are shown inF!gure 1 The remaining eight were like these except that the display presentation
was white on black rather than black on white. Dials with numbers located insidethe scale had a scale diameter of 10 inches; those with numbers outside had a scalediameter of six inches. All nuerals and scale marks were such that at ths 10foot viewing distance they conformea in visual angle size to the dimensions reoonmendedfor major mirkinc-s on instzimmt aisplays by the U.S. Army-Navy-1RC Vision Committee

* (1947)s

Three dials of each of the 16 types were used. The four test penela were assemb-led so that one white panel contained the 12 black on white dials with numbers insidethe scale, a second white panel contained the 12 black on white dials with numbersoutside, wihile the third and fourth were corresponding black panels with the white
on black dials.

A basic schedule of readin-,s was set up so that each dial type would be read ineach of t:ie _` possible different pointer positions, from 0 to 50 inclusive, in the
course of 17 presentations of every panel. zrch a round of 17 presentations of eachtest Darel in u-e wdti a particular subject group is here called a "test run". If

A, .F-TR - 6L)6 -2-
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Figure I. Mis whidh were used in the experiment.

but two test panels were in use with a group of subjects, a test run could be completed
in a single experimental session. '-en all four test panels were in use, a test run
recuired two exoeriinsntal sessions, the first with eight presentationa of each panel
and the second with nine.

Panel orders, dial arrangemnts within panels, and pointer setting sequences
were planned in advance of testing. Panel orders were varied systematically during
each test run so that practice effects would not influence panels differentially.
The dial arrangemont within each ranel was always such that no :iv3n type of dial
appeared more than once in any of the three rows or any of the four col4mns of dials
on the panil. Purther, the arrangement on every panel was mirrored from right to
left twice during the course of every test run. Pointer settinr sequences for each
dial type were determined from random number tables. Settings for various companion
dials were balanced by requiring taat the group of settings used in the first half
of the test run with one dial, be used in the last hai;' of the test run with the
other, and visa versa. All pointer settings were made manually by assistants who
woriked from prearranged lists of settings and made use of a series of li-ht pencil
marks (not visible to the subjects) which identified every unit scale position on all
the dials.

each subject recorded his readings on a writing tablet strapped to his leg just
above the knee. One paze of this tablet, four inches wide and 14 inches long, was
used to record data for a single panel presentatioh. Notches aLor the left edge o0
the tablet provided a guide which the subjects used initially to space successive
reaaings aorn the page. After a few practice trials, most man were able to write
their readi'ngs quickly without lookire at the pad and without superiMposing entries.
Between trials, each subject prepared a new record sheet. At a ready signal he looked

UJSAP-TR-6.666



up, and at the lowering of the curtain he read the dials, left to right and row by
row. At the completion of the twelfth readinG, he read a digital timer located just
to the right of the last dial. He entered this finishing time in seconds at the
foot of his record sheet. Startine time for the panel was recorded by the experimen-
ter, and reading time was calculated subject by subject at the conclusion of the ex-
periment.

Subjects were instructed to read all dials as rapidly as possible and to make
each reading to the nearest unit. Accuracy of reading, as such, was not mentioned in
the instructions, but emphasis was placed on "reading to the nearest unit". These
instructions were identical with those used in recent studies of this series (Kappauf
and Smith, IS5Osi, 1950b). They were repeated before each test session.

Twelve paenls were presented far practice at the beginning of the first experi-
antil session with each group of subjects. tight praotice panels were prnented
prior to test reading-s on subsequent test days. The typical session of 40 to 50 pan-
els reqaired an overall time of about one and one-quarter hours.

III. b•JBhJCT G-CUb AMUD THE SPECIFIC PR0CEDUtRE vMW EACH.

Three groups o£ subjects served in the experiment.

Group I consiste'd ot 17 college rtudents. The group ca=e to the laboratory on
two suooessive days and coupleted one test run usinZ all tour test panels. No member
of the group had binocular visual acuity at distance of loes than 20/29 as measured
with the Ortho-Rater.

Group I! includod Wth ;ollege students and graduate students, and numbered 12
men. The intended testin-, program. was the same as for Group I, but through a scheduling
error at one point the pointer s ettines used did not correspond exactly to the un-
iforr. series of 51 different settinge for each dial type. Again for this group, no
member had binocular visual acuity poorer than 20/29.

Group III consisted of 17 high school students from grades 9 to 12. This group
read the Wiite on black canels only. The entire group ewpleted two test runs an
these panels, one on each oi" two successive days. Nine members of the grup returned
for a third test run. Dial arrangements and pointer setting sequencer were varied
from run to run. No student had acuity poorer than 20/33.

IV. RANDLING OF THE DATA

Data Transcrivtion

•rrors and reading times were transcribed on swm.ary sheets by a procedure which
involvecý brin'ir_:. together all subjects' record sheets for a given panel of dials.
A spot check based on a re-tally of about 12% of the datae demons 1rated the tallying
prccedur&:s to be of hipn accuracy. Ambij;uity of subject responizes due to overlap of
entries on tU,, record sheets vas negligible. Handwriting interpretaticn was occasionally

US.U'-TR-G366 -4-
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difficult for some subjects, but the re-tally picked up only three readings which were
then considered correct after having been 3cored orivinally as gross errors.

Error Classification

The observed reading errors were tallied in the following categories:

(1) Total gross errorst This category included all errors of four or more units.
There were 536 such errors, constituting 1.33% of the readinrs recordel in the ex-
periment.

(2) jrrore of /lO units, This category, a portion of category (1), included all
errors of /9, J10 or /11 units. The same tolerance for scoring this error was used
by Kappauf and Smith (1950a). &rrors o.f this type totaled 2;6.

(3) Reversal errors about the scale zeros These errors occur on dials without a
scaie break and involve reading the scale in the wrong direction from zero when the
,Mnter is in the last scale interval. Thus the scale region bounded by the numbtra
0 to 40 is interpreted as a re-ion from 0 to 10. There were 82 Crosa errors o0 this
type.

(4) Reversal errors within the scales This category included all positive and neg-
ative reversal errors about the numbered scale marks at 10. 20. 30 and 40. All
errore two units and larger which were within one unit of being an "exact reversal*
were scored in this category. There were 118 of these errors, 84 of which were
gross errors and 64 of which were errors of two or three units. This count does not
include 30 errors which have been tallied a- /10 units errors but w.hich might also
have been interpreted as reversal errors (e.g. reading 15 as 25). These 30 errors
were clearly of ambiguous origin, but the occurrence of about twice as mWa /10 units
errors as revorsal errors in this experiment indicated that classification errors
would be minimized by loeping these in cateogr (2). Figure 5 below suggestathat
this "probability" method of classifying the warca was satisfactozy.

(5) Remaining gross errors: The 134 gross errors uhich remaimd unclassified in
oavegories (2'. (3) or (4). Cf these. 61 were errors of -10 uits *I. not including
13 errors of -10 which were put in category (4) an reversal errors. It was aseumed,
as above. that classification errors would be minimized by leeping these L5 in the
category of the more frequently made error, in this caue in the reversal error category.

It will be noted that the use or a tolerance in scoring 10 units errors and re-
versal errors is necessary in order to allow for simultaneously made errors of visual
interpolation or for the possible operation of number preferences.

Basis of Error Comoarisons

In order to simplifýy certain aspeets of the treatment of the error data, the pre-
sent analysis is based upon 50 (not 51) readings per dial type per test run. These
are the readings made for pointer positions 0 to 49.

Because of the similarity in composition of Groups I and 'I, the error data for
these two groups have been combined in conducting the statistical analyses of the
effects of the various dial desig.n variables. Comparisons are made between the per-
formance of this combined group and that of Group IMI.

U•AF-•T•-6366 -5-



,rror Transformation

Prior to the application of sinificance tests, the error data were subjected
to the angular transformation (see Snedecor, 19401 Xappauf, 1947). "i not achieving
perfect homogeneity for data of the present sort, this transformatioa at least puts
the data in the most acceptable form known for their analysis. The transformation
applied was of the form

*-sin -)
N ti

where x is the nunber of errors observed in N readings. The traunsformod values given
in the various analysis tables in the Appendix represent 9 in radians 43.

V, Ri•iLThs THE EFFECT OF DIAL Dt$IISV VARIASLES a PXAIJ ING ERRORS.

A meneral suaarzy of the recorded errors is presented in Table I. Seeming saps
in this table reflect (1) the fact that -roup III did not read the black on white
panels and (2) the faot that reversalsL at zero could not occur on dials with a scale
brea•.

Dials vith Wal. vitu* 144s vithi ILdls vith
ero at Top, Zero at aott,, iA3 at, Top, Z T. B;
No ýCzle Break 01 M Sea" )rWak Scftlu hrsk 3,.Io 2reek

Ss.1.roup 1 11 111 1I II 111 ItI it il i~ Ill
No. .•AeJtA 17 12 11 17 11. 17 17 L 17 li I! 17

R4*.,V Eco vW 21> 210 ;,v;Jzp, .

d&Ia tnv __________ -

T'"AL- A1. OR In 1. J 12 7 ., 27
G ý4 Black Out 0 5 7 1.7 1 U 1 2. 2 1'

31.os Ia l 10 31 U 132 1 Z
White Out % 14 112 a

/touix U" Ze as 3s 2e 3 2 It. I 6 22 1 1 II,
LWWASI~ 11ak just 2 14 3' . 3 1 .pA

71..V It, 7 1 cIi2

UIVW~AL Vh. on Ir. I ~1
MOOR kflac k OaJt E .

AT W.

%Ir t. an ¢

WAhite - - 6at.-61 7

PMVUSiA wh. ef In G 0 2 0 5 2 ty 1
E9H"S black Out. 1 c ~ 0 5 1 3 2 is
WJITHIN
lWAL 5.on in 4 2 2 1 is4 1 0

Whit. out 0 1 2 1 6 3 1

FMPAINIG Wb.oan In I P 3 1 1b 1 1D 3 0 1
GR01OW Black out 0 0 6 2 I. 16) 1 0 V. 3 J1 -

B1.0on In 4 1 3 2 3 0
Whbtt Out 4 2 1 2 1

Contrast No. No*e: Values In this teble are observed arr,)r fregiencies.
Direct. Loc.



Contrast Direction

Error data for the effect of contrast direction, obtained with Groups I and I1,
have been extracted from Table I and are separately summarized in Table 1I. The two
subject groups to-ether made a total of 11,600 readings on the eight different white
on black dials, and the seme nxuber with corresponding pointer settings on the eight
different black on white dials.

The data in Table II provide no evidence of a rhal difference between the white
on black and black on white d!splays. Hence, data for dials of both contrast direct-
ions have been lumped together in the remainder of this report. Such treatment per-
mits no examination of interactlons between contrast' direction effects and the effects
of other variables, but the likelihood of Euch interactions being sitnificant appears
small.

The Remaining Design Variables

Study of the effects of the remainin experimental variables on reading errors
us carried out by analysis of variance methods. For this purpose it was convenient
to consider different classes of errors separately in view of the possibility of re-
lating particular errors to specific dial design features- A sumary of the success-
ive steps in this analysis and a statement of the results is viven in Table III. De-
tails of the analysis are presented in the Appendix %here Tables AB,C and D deal res-
pectively with JlC unite errors, reversal errors at zero, reversal errors within scale,
ind remaining gross errors.

Best Design Combination

On the basis of the results given in Tables II and II, it is concluded that the
most satisfactory design for a dial which is to carry a short scale with numbers every
10 unite, is one which

(1) has a scale break and has the scale sero near the bottom, and

(2) has numbers outside it it is to be read by high school level personnel (although
the numbers might be placed either inside or outside if the dial is to be read ex-
clusively by oolleGe level personnel).

This design eliminates the possibility of reversal errors at zero, and reduces the
occurrence of the two most csson errors on the simple decimal scale - the /lo'e error
and the reversal error within scale. The number of renaiing unclassified gross
errors is not influenced by these design choices. Contrast direction is unimportant
and need not be specified unless other tasks carried out by the dial reader dictate
a preference*

Best Design for No-Break Dials

Certain long-scale instruments are designed as multiple-revolution indicators.
Undesirable as some forms of these indicators are, others appear to be quite acceptable
(rrether,1947). The scales on such instruments are no-break scales because their
pointers or indicators are currently engineered to move continuously. Assuming that
readings of those multi-revolution indicators involve the same kinds of errors as were
recorded for the present no-breal: scales, one would recommend that the scale zero on

USAF-TR-6366 -7-
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TABLE II

ERROR FREQTWCIES FPR WHITE ON BLACK DIALS AFD BLACK ON WVHITE DIALS

Data for Groups I and II

Dials without Dials with All Dials
Scale Break Scale Break and Groups

Subj. Group I / II I7
No. Subjects 29 i 29
No. Readings/ 5800 '5800 11,600

dial type

TOTAL GROSS White on Black 64 48 112
ZRROPS Black on White 70 50 120

S10 =ITS White on Black 23 21 44
M01W~t Black Wnhi. 27 19 4

IEMhAL ERRORS •,xite on Black 19 19
AT ZmO Black on White 19 19

R'V7.RSAL tkRRd.•~ hite on Black 16 14 30
T-I7. SCALE Black or, T,%ite 13 20 33

RELIAING GRObS Nihte on Black 12 14 26
, 'RROR.S Black on T.Wite 17 17 34

zuch indicators be located at the top and that the scale nabers be located outside
if hith school level personnel are included among the readers (see lett half of
part 3, Table A). This design reduces the incidence of reversal errors at sze, as
compared with the zero bottom desi.n, uad reduces the likelihood of 110 units errors
by high school readers.

V1. RFAMTSs THE RFPC OF DIAL DESIMN VARIABIBS C0 READING TIM

b The assignment of dials to test panels according to contrast direction and num-
ber location made it possible to determine the effect of these two variables on
reading time. Table IV sumiariues the revdin- time data. The breakdown is by sub-
ject groups, test day, and experimental variable. Values in the table are average
reading times per dial in seconds. The entries for total rerdings are based on 61
readinqs per test run per dial type per subject.

Contrast Direction

The averages for Group I /II indicate a reading time of 1.39 seconds for white
on black dials and of 1.38 seconds for black on white dials. This difference is not

UsAI-TR-6336 -8-
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Table -I'I

OUTLINE OF ANALYSIS AND RESULTMS
FOR REMAINING DESIGN VARIABLES.

A. ANALYSIS OF /10 UWITS ERRCRS FOR ALL DIALSs This analysis applies to the first
objective of the experiment and is also the most fitting starting point in look-
inG at the dial design question, because thij was the most commonly observed
gross error.

Significant effects on /10 units error folnd for:

Groups (1% level) -- Groups I and II made fewer errors than Group III.

Group X Number Location Interaction (5% level) -- Groups I and II were
not critically influenced by nuýber location, but Group III made
significantly fewer errors vhen the nambers were outside.

"cr. local."or. Szala Dretal- latoratluu (SZ level) -- The combination

of zero at the bottom and scale break led to s ignificantly fewer
errors than the other three combinations.

B. Co'PLETIO.., OF. ANALYSIS FOR BREAK DIALS ONLY IN TEPIS OF OTVER KINDS OF GROSS
iatORSs Consideration of break dials alone is appropriate now because the /10
units error data and the occurence of reversals at zero on no-break dials both
point to the use of break dials wherever possible.

bignifioant effect on reversals within scale found for#

Zero Location (5f level) - Zero at the bottom led to fewer errors.

Significant effect on remaining gross errors found for#

iroupe (5% level) - Groupe I and II made fewer errors than Group I1I.

b

C. CO;WLTION CP ANALYSIS FO NO-BRFAY, DIAI, : This analysis Is pertinent to the
design of certain multi-revolution instsunents ihiech require no-break soales.

Signifioant effects on reversals at zero found for:

Groups (5-' level) -- Groups I and 1I made fewer errors than Group III.

Zero Location (11i level) -- Zero top led to fewer errors than Zero
Bottom.

No significant effeots found in analysis of reversal errors within scale, or,
remaining gross errors.

JSAm'-TR-G.36 -9-
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significant, so it is concluded that contrast direction does not affect dial reading
speed at daylight illumination levels. This agrees with what Chalmers, Goldstein and
Kappauf (1950) had inferred fromn measurements of reading times for visual acuity chart
figures. The present dial reading data and the acuity chart data thus indicate that the
conclusion of one wartime report to the effect that white on black dial& require 25%
longer reading times than black on white when both are viewed at daylight levels (GB.
Medical Research Council, 1941) is either generally incorrect or does not apply to the
porticular case of displays marked with number and letters approximating the U.S. Army-
Navy aeronautical design standard AND10400 (1944).

Ts•T.E IV

AVERAGE READING TIMES PER DIAL IN SECONDS

DAILY AVERAGES

I Group CrouGrp III
DayI ay 2 Day Dey 2 Doy I Day 2 Day 3

No. Subjects 17 17 12 12 17 17 9
lotal read/panel 132 1856 1152 1296 34W8 348 136

1hite on Noa. In 1.1 1.22 1.69 1.41 1.86 1.63 1.45
Blapk No.. Out 1,90 1.28 1.07 1.45 1.e7 165 1,47

Plack on 1oe. In 1.13 1.19 1.81 1.40
White Nos. Out 1.,32 1.24 1.8 1.46

AVERAGES FOR
G•,,P 1 +1I!

Nos. In No.. Out Averages by
Contrast

Direction
,Vite on Black 1.3 8 1.42 1.39

Black on White 1L." 1.40 is"

Averages by
Number Location 1.13 1.41

GRAND AVERAGES FOR ALL
GROUPS, Days 1 end 2 1.48 1.02

STNumber Location

The grand average for all subjects over days 1 and 2 indicates an average differ-
ence of 0.04 seconds per dial in favor of shorter reading times for dials with numbers
in,,de the scale. Although this difference is a statistically reliable one, with day
by dsry results showing significantly more than half the subjects reading faster on the
n-.,nbere inside arrangement, the difference is probably of little practical significance.
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VII. RESULTSs ORIGIN OF THE /10 UNITS ERRO.

Figure 2 shows the marner in which the observed+l0 units errors were distributed
around each of the several dial types used in the experiment. The 4ata presented are
for Groups I and III ard represent the errors made in 154 readings at each scale pos-
ition on each of the diagrams. Group II data have been omitted here so that the fig-
ure would describe results based on exactly balanced readinrs around every dial, the
readings by Group I1 having been somewhat irregular (see seotion III above). Actually,

the inclusion of the ýroup II errors would have altered in no way the conclusions
drawn from the figure.

Two summary tallies are derived from th9 plot of the individual errors in Figure
2. One is a summary of the number of errors made in each scale region of the several
dials. This is indicated by the encircled numbers located around the outside of the
dial diagrams in Fi-ure 2 itself. The second is a summary distrioution of errors by
pointer position within any Interval between scale numbers. This is given in Figure
3.

Two fatts were reported by Kappauf and Smith (1950a) as oharacterisinS the /10
units error made on scales numbered every 10 unitst

(1) On dials with zero at the top and having no soLa break, it occurs Imot fre-
quently in the soa"e region 0 to 9.

(2) It is commonly associated with the latter half of the numbered interval, i.e.
with pointer positions where the units digit to be read is 6, 7, 8 or 9.

These facts are oonfirmed in Figures 2 and 3 and are extended as followa

(3) Distribution or the error around the dial is not iniluenced by number location,
inside or outside the dial (see coded error symbols in Figure 2).

(4) The error is oharaotor'stia of the 0 to 9 re-ion of the scale whether the zero
is at the top or bottom of the dial, whether the scale has a break at the origin or
not, and whether the subject calls out his rendinGs (as in Experiments 3 and 4 of
this seriei) or writes them down (as in the present experiment).

(5) Qoccurrenoce of the error in the last numerical reg,~La of the scale is observed
only on break dials Where the final scale number actually appears .

To these statements may be added the result of a breakdown not previously cited
which shows that

(8) The error is not due to the perseverating use of the tens di-it givon on the
just preceding reading, and hence is not a function of the sequential reading proced-
ure used in tre present experiment.

Taken together, these statements provide the basis for the Vollowing desoription
of the /10 units errors Over the portion of the soare beyond 10, the tlO's error is
the result of reader habits (a) to consult the scale number nearest to the pointer
and (b) to add to the consulted nwmber the value of the scale portion which the pointer
has swept off between numbers. These procedures result in correct readin-s when the
pointer is in the lowr half of a nimbered interval, but produce the /10 units errcr
,Wnn the pointer is in the upper half of the interval and the number consulted is be-
yond the pointer. This means that the error may be regarded as equivalent to that
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* ~Figure 2. Distribution of /10l units errors on dials varying witht respect to zero 1cc-
ation arnd scale break. Data for groups I andIIM.

o - errors on dials with numbers inside
x - errors on di&ls With num~bers outside
enclosed symbols* errors which migght also have been treated as reversal errors
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figure 3. Distribution of /10 units errors within the Interval between scale n~umbers.
Data for Groups I and III.

made In reading com~bined coarse and fine scale Indicators,, where the coarse indication
is taken too large by one cycle 'nr division mad not corrected downward when the fine
indic'ftion is read (see Bray, 19491 Gretlur 19471 Kappaufl, 1949). Over the portion of
th~e scale from 0 to 9 the error quite probably has the same general basis just desoribed
%,ut unless it were helped along by some other factor, it would certainly not occur
with a frequency whicih ts some six times greater in this region tion in other regicns
of the scale. Several possible helping factors have been eliminated In (4) and (6)
above, so it now seems that the responsible factor must reside In the reader in the
form of a habit or tendency to include the same number of digits in all his readings.
There is an "honest" teradigit in any reading beyond 10, but for indicated readings
below 10, the tens digit is properly 0. The hypothesized tendency to "round out"
readings to the sme number of digits would well account for the reader'Is added will-
ingness to pick up the tens digit "I" from the consulted number 10 and use it in his
reported reading.

In sum. then, the 110's error is conoeived of as an error which the subject makes
because of an "adlinG on" habit. He sensults a number and he "adds on" the value cc
the scale portion vwhich the pointer has marked off between numbers. Heo is more likely
to add on to 10 because this makes his reading a two-digit value comparable to most
ol' the other readin,- being taken. Although the error under disctu mien t-sre is Spec-
ifically one of /10 units on scales Wuich are of 1he simplest possible f-3rm, It is of
general inter sst in that it represents a class of errors iihich could occur on any
scale - an error ofY one numbered division. For this reason, the result. of the
analysis of variance of the /10's errors by dial types may provide sum-estions for ways
of generally reducing the incidence of errors or plus one numbered division on all
scales. The deuign reooomendations based on the present data would be tot

(1) Use dials witha the origin of the scale near tkw bottom and with a scalie break.
so far, no rationale for the advantage of this particular design has been presented.
but one is sug-gested by a somevhat different look at the data. The paired diagrams
in Figure 2 permit a comparison of the likelihood that /10's errors will involve a
given numbered mark-when that mark is in opposite dial positions. When an analysis
of these paired error numbers is made, in a manner -wicih will be outlined in more
detail in the following section an reversal errors, and if one deals only with the
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errors made in the various scale sections beyond 10, it is found that significantly
nore /10's errors are made when the presumably consulted number is in the lower half
of the dial than vwneho it is in the upper half (5% level, by "t" test on transformed
errors). The unsatisfactory aspect of this test, of course, is that it has been some-
%n..at "ri .ed" by the exclusion of the errorcomarisons for the 0 to 9 scale regions.
If these are included in the analysis, the top-half bottom-hal& difference is no longer
statistically significant. None the less,, the su.:.gesti4-n secrs rorth making that errors
of cl,' one numbered division may be less frequent in the top dial half than in the
&c.-tcm dial half. ,ere thi tre, it would uermit the guner.l prediction that the
dial to use for mniriimizin6 the incidence of these errors wou.d be one with a break in
the lower half.

(2) Use dials with numbers outside if they are to be read by hig'h school level per-

, n• " zerhaps this arranganexit is successful in reduecin the errors made by less
nALjed readers because it forces thaq into a more deliberate ard proper use of the
nw. er scalo.

"., :c.ciui, whenever i the -=e o- scales vhich covor a numerioel rarge within
" tnee i -iL in the nudibcr of didits roquired in di±I'erent readies.

zci, a Fee: ne to l.* the trss icr the hi.-h incidece of /!0's errors in the 0
+ , on l-, e•n •,• s, could re~isit in similar errors of /100 in the

to 99 re-iol, of ocales nunbored by 10W unit steps.

VIII. - 0]n�T�ON IT OF e' . .l . . ...

A r]'+ f - •+ boe+. o b cbcorved rove&rs&l errors around th' several dials is

-+'.,nte, i�: -:eýk 4. Trifs :uIrt -arallels Fissure 2 e.actly, and leads again to the
,'.-:o J&n. cf tv si;ia-. dlstrilutionzs: cno for errors by dial region, the other for

errorsai a £urntion %f ocinter - s. tion relative to the numbered graduation mark
'nc9-icrn41,1^,& the ecal X-A.v.rs 3U.

u rt, 4 •'.,'tts the lO-Cer distributicne Reversals within scale (solid line) and
-:c4-,ls st zero (dahlhed ±ne) aro -lott d separatcly. The dottod increment to the

.5tt"' , t'. , for rsvers-lr v,.tthi. r,zor.± identifies ti.o -roup of abhiguous errorsin the
*-ic. ,if 5, ', knd t' 'zhieh ntlv. ber A "" as /i0 units errors. The fact that this

-C.ltkz A errors ',ould have m7,-s ;, dJistilruion of reversals within scale more irreg-
1lnr and 1es lil. the districutier. ci reversals at zero lands support to the decision
t , .'L th.m as /10 unit. error . :rxxýction. of *i=.•ure 5 indicatos that in some

" C ,f I nc cm;-s v"jerle th-e d~revtion ol` a scale war reversed, it was reversed through

tUc n.1;,::,r-jd imrl: nearest to th., oi'icr. Inasmuch as it ic difficult to understarAI

.a r.Cier wvuld uonfluce sesale trec"(,., -P" i..o consulted tho numbers on both sides
-. the pn.rinter, revrsal errors muse be syptocmatic of the ,we of but one of the ad-

jacernt scale numnbers. The preoent data therefore reveal, as did Figure 3, the tend-

cncy of otia-zlers to ,xmsulE just t iv narsr ef the tw nurabers which bracket the pointer.

BTt another asoect of the tolid-line curve for reversals within scale in Fig'ure
e aeserres cos~nt.INote -tat 1 here are marr, more reversals vhich result in readings

1ir-er than the ný',icated value (positive reversals, shorn in the left two-thirds of

S:o distribution) than thore are revorsals nhich lead to readin:-s -nailer than the in-

dicated value (ne•.ative reversals, sheon at the ri:ht in the distribution). In Figure

4 these two classes of reversals are distinguished as tallies outside and inside the

the circle of each of the dial diagrars. The count of positive to negative reversals

iq ,6 to 21. This indicates that the more coniaon reversal error involves an "adding on"

operation; that the reader consultsthe nearest scale number and then addsto this the

value of the perceived pointer deviation. Subtracting into a reversal error is less

con~ion (perha.'s even less co.--mon 'ian here indicated, for Pamong the 21 negative rever-

sals in the tullv, lr were errors of -10 units about which an arbitrary class-

U-AF-TR-6366 -14-
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Figure 4. oistribution of reversal errors on dials varying with respect to zero loo-

ation and scale break. Data for Groups I and 111.

o - errors'on dials with numbers Inside*

x - errors on dials with numbers outside
enclosed symbols - errors scored as ;/10 unit errors

Contained error frequency at least twice as large as frequency for correspond-

O"ingly numnbered w•rk on companion d ial.
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Figure 5. Distribution of reversal errors with relation to the numbered graduation
PFe~rk through vhich the ,ca-le was reversed. Data for Groups I and II.

reversals within scale
- ------- reversals at zero

4ification decision had to be m.ade. See page 5 above). It is thus seen that the typ-
io~. reversal error and the =V) unit. error share in comon the adding on tendency
ajd the habit of working from the nearest scale number.

The question of whhet(Uer reversal error frequency is influenced by dial region

has attracted attention in the past with reference to the design of specific dials

&nd soale3. According to orn hypothesis, a reader would be expected to reverse scale

direction more often where the scale is proceeding in increasing value from right to

left, in opposition to leit.-right print reading habits, than viere the scale is pro-

ae.xing from left to right in accord with t+.sse other habits. According to a second

hynothesis, a reader would be expeoted to reverse more often vhen the scale is pro-

ceeding in increasing value downward than when it is proceeding in increasing value

upward, the latter being thought of as a more "natural" and familiar wow of register-

ing increasing amounts.

The data in Figure 4 may be used in a test of these hypotheses. Inasmuch as

reversale occur with specific reference to and through some numbered mark, the pres-

ent analysis has been set up to answer the question whether reversal error frequency
is influencedby the location of the numbered mark thr-ugh which the scale reversal

occurs. Accordingly, the encircled error frequencies which appear around the dial

diagrams in Figure 4 refer to the graduation marks and indicate the number of times

that each was involved in reversal errors. The enclosed symbols, representing errors
4 scored as /10's errors, were not counted in these tellies. Py consulting the paired

dLgranis in the figure, one can compare the frequency of observed reversals at any

given numbered mark when this mar was opposite dial positions. Only the zero point
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on each diagram is specifically marked, but the scale values of the other graduation
marks may readily be identified.

The data in Figure 4 reveal no significant difference between reversal error rate on
the left and right dial halves. The trend, in fact, is in the direction opposite to that

predicted by the second hypothesis above, more errors :having been made on the left, up-
ward going half than on the right. The data do support the first hypothesis, however.

Consider first the two lomer diagrams for the dials with scale break. Reversals through

the 10 mark were more common on the zero bottom dialt. Reversals throu,h the 20, 30 and
40 marks were mo-e common on the zero top dial. In every case, more reversals were made

throu-gh a given numbered mark when it was in the low~r half of the dial, where the s3al.

proceeds from riht to left, than when that mark was'in the upper half of the dial. On
the no-break dials, the sase result is noted for reversal through the 0, 10 and 30 marksi
errors at the 20 mark were about the same for the two mark positions, and errors at the
40 mark showed an opposite difference. A "t" test on the nine pairs of error frequencies

just considered, indicates that the top-half bottom-hilf difference is statistically sic-
nificant (exactly at the 5; level for test on transformed frequencies). Over all, the
split in the number of riversals between the top halves and the bottom halves of the dials
was 35 to 62 for reversals within scale, and 21 to 67 for revernals at zero. The evid-

once -then is azufficicmt to Wutifý; th-9 follogYw lac'4g nA I ) g I& - *Alimam.---
4 Col C~u lr IO UIL&L5 TAdy-cur with greater frequency

when readin'.s are made in a rerion where the scale is going from right to left; and (b)

that the best esti:ate of the amount by which probability of reversal errors is increased

in a right to left soale region as compared with a left to rivht- scale region is of the

order of 50 to 100I.

The foregoing analysis is general in the sense that it leads to a general conclusion

about reversal errors which is independent of dial design and makes it possible to infer

certain dial design effects on reversal errors. It is interesting therefore to point

out that it makes understandable the analysis of variance results on reversal errors

which were cited In Table III above. The analysis of reversal errors at zero on the no-

break dials turned up an effect of zero location, and led to the recommendation that such

dials should have the scale zero located at the 12 o'clock position, rather than the 6

o'clock. Sinilarly. the analysis of reversal errors within scale for the break dials

indicated the superiority of the zero bottom design. Both of these results follow from

the fact that the bottom half of the dial is the hijher error region.

In summary, the present data offer the following evidence about reversal errorsI

that they may occur in any region of the dial; that they result from the readers' ten-

dency to consult only the number which is nearest to the pointer; that they typically

involve a reader tendency to add to the consulted number the amount of the pointer de-

viation from that number; they occur with Sreater frequency when the scale direction

opposes the left to ri,;ht reading habit; and that they are especially likely to occur

on no-break dials when the number consulted happens to be zero.

Relations Between Reversal Errors and j10 Units Errors.

It Uhs been indicated in Figures 3 and 5 and in the discussions of them that the

reversal error and the error of plus on* numbered division have two basic reading habits

which are the same% the tendency to refer to the scale number nearest to the pointer,

and the "addin, on" tendency. ,ht is added on in the two cases is different, but it

migTht be supposed that the incidence of these two errors would be related, i.e., that

coniitions which wo-Ad cause an increase in the occurrence of one would also increase

occurrences of the other. There is a possible indication of this in the present data.

ii one excludes the /10's errors in the 0 to 9 region as a special class, the /10's

errors which remain teem to be influenced by scale direction in the same way that re-

zersai errors are. It would appear that left to right scales would minimize them both.

USAF-TR-6366 -17-
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Ix DISCUSSION

Previous Studies of Reversal 4rrors

Two previous studies tie in closely with the present discussion of the nature
of reversal errors. Both were by Christensen (1946,1948).

In the second of these, Christen en worked with clockwise aid counterclockwise
dials, all scaled fro-ri 0 to 50 and all lacking a scale break.' Althoug.h the pointer
ret•tincs which were used were speoifically iLrited to scale values ending in the dig-
its 4, 5, and 6-, the dials themselves so closely resembled some oix the dials usee in
the prosent study that it seemed appropriate to re-work Christensen's records to ;et-
er-in' whether the present recr.its would be borne out in his data. AccordiM-ly the
ez;-~'r. observed in Clhriotersen's experiment wcre re-oxanined ir the Princeton labor-
ttcr'-, classified aocording to type of reversal, an-d tallied &• a function of scale
aireeto.n end as a fiuntion of oiuter position in rel•ton to the mark throuah which

-, •ci was reversed. The aet result wvu that every one co the &tat. aets made in
* ~~ ------- A-~" ",QjI ka-~ £Q¶f I ,~!~gAht1 ~r4*yAI~

.s' s 9xI. the count••-loo-wiae dials R eversals within sale mad reversals at izero
aL•e made more frequently when the pointer was four units away from the consulted

scae nvrzber than when it w¢as six units awavy (109 to 22 for reversals within scale,
iý,2 to 67 for rvaresl at tr~o). Reversals typically involved the "adding on" ten-

, 1.5S V.,6ittNre rovorsale to 29 negative reversals). They occurred with greater
r3cuency when scale directin was right tc left (see Table V). And, weversals at

Lýro outnumbered the observed reversals within scale (see Table V) 9 far exoceeding the
t,,.vected nuiuber of reversals at zero if reversal about every scale number had been
equally likely.

Christenven's 1946 study dealt with the design of air navination plotters. These
riotters use a counterclockwise scale which, for convenience, is designed as a 180
.':' .-ee rrotre.ctor. One of the questions which, Christensen sought to answer was whether
plotter readin:;u woutld be more accurate if the protractor was laid out as the upper

i.i•f oi a circle with the sc.le runing from rifht to left or if it was desirned as
ý..e l~wr halt of a circle, with the scale running from left to righte Reversal error

frequencies for the two designs were not sinificantly different, but the difference
was once more in the direction ol7 fewer re7ersals for the left to right scale.

Table V brin's together the results of the present study and the tw Chrietensen
papers as regards the effect of scale direction on reversal errors.* ,lbereas the
eviden-e for the effect of downward 3cale direotion is inconsistout, that for the
eflect of right to left scale direction is cm.pletely consistent as indicated in the
foreroing discussion.

*The reversal data cited by X.apnauf and Smith (1950a) are omitted from this table both
because oV the small number of errors involved and because most of than were of am-
bteuous origin and would have been classified differently had the present "probability"
method of cateoorizin- errors been used. In regard to error classification, it should
be rmentioned that Christensen's records contained some twenty times more reversal
errors than ý10 units errors (unquestionably a function of the reading task) and so
ao!oiuous errors in this case were classed as reversals.
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TABLE V

6UMFLAY OF DATA ON REVESA ERRORS AS A FUNCTION OF SCAUL DIRPXTIC

Number of Observi4 Number of Observed
Reversals within Sale Reversals at Zero on
"hhien numbered mark is No-Break Dials

in ! in- Where Scale

Lert-to-night Right-to-Left Starts to Starts to

Region Region Right Left

Christensen btudy of
Navigator Plotter (1946) 33 44

Christens en Clockwise
Dials (1948) 17 26 7 51

Christensen Counter-

Present Study-Clockwise
Dials (Groups I. 111) 35 62 21 37

Number of Observed
Reversals within Scale
ahen numbered mark is

in in
Upward Going Downward Going

Region Region

Christensen Cloc•wise
Dials (1948) 16 27

Christensen Counter-
Clockwise Dials (1948) 56 89

Present Study-Clockwise
Dials (Groups I, 11) 61 .31

The Number Location ProbleM

An effect of practical si-1 ificance due to number location was observed for the
/10 units errors made by high school subjects. Errors of this type were roughly half

as frequent for these subjects ien the scale numbers were outside than when they were

inside (see Table I). The effect of this difference in l0's errors was to cut the

total number of gross errcrs for the high school subjects during, the three day test

by 25ý, on the numbers outside dials as compared with the numbers inside dials. Day

by cay the group made feweý grcs errors, but each day the /10 units errors came to

account for a greater proportich of the grues errozs made. In view of the fact that

the present test situation used slender dial pointers and involved pointer settings

at exact units values on the scale, all number reading difficulties which normally
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occur when the pointer overlaps aertain inside numbers were completely avoided. Thus,
the error saving here reported for the numbers outside dials has to a certain extent
been minimized. Clearly the result deserves rechecking with other dials, marked with
numbers which are as distinguishable as possible, eqnipped with pointers of a prac-
tical width, and set at a random series of scale values.

Use of the numbers outside design, incidentally, would entail a 3% increase in
reading time to judge from the present data, and an increaspe in the frequency of in-
trirpolation errors which may be predicted for particular scales on the basis of the
dt'ta of Grether and Iriiliams (1947 or 1.949) or Kappauf wnd Smith (1950b).

X. CONCLU• IONS

If there is need yor . sirple dial numbered every 10 unito which will be used

t.n obtain quantitative rad:`ug a any and all values throug~oA~ the scale, gross

w,:ith the zero located near the bottom of the dial, and with tho scale numbers and
graduation mvjako arranged outside the scale circumference.

101ne for a d'a numbered every 10 units which 'ill be used prin-
, .io"r ruantitative. raain:.e within some limited portion of its eorlire

•:t'ente the occurrence of gross erorrz amoxg. these readings-will be minimized if the
dial is designed so th-at the ;Ca.Ic pr-oceeds from left to right through the critical

chosern or iiu~.pulated that cr'itical readings are not required in the numerical region

0 to 9 (to reduQa /10 units errors).

Both the erro:r Ofl .o unitds and the reversal error are associated with the ten-
eny of soale readers tro onsult the scale number which is nearest to the pointer

-b 'n6-e add the value of an observed pointer devie.tion to the number which has been
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APPENDIX

DETAILS OF STATISTICAL ANALYSIS

Analysis of /A0 Units Errors

The analysis of the /10 unite errors is smmarized in Table A. Part 2 of this
table shows the initial analysis of variance results. Secbnd-order interactions are
all non-significant, so these terms have been pooled with the remainder to give a new
residual of 81.6 with 5 degrees of freedom. When tested against this pooled error, the
first-order interactions of Group X Number Location and Zero Location X Scale Break are
significant at the 5% level. Because the variable of Number Location represents a com-
plete classification, the Group mean square involves no Group I Number Location compon-
ent and may be tested against the pooled error. The resulting F ratio of 41.6 in highly
significant, indicating a real difference in the rate of making+.0 Units errors for
Groups I/II vs. III when averaged over the two conditions of number location. The other
primary effects when tested against the appropriate significant interactions are not
themselves significant.

More meaniigful, however, is a direct inspection of the nature of the interactions.
Hence the follow-up, 4 x 4 analysis presented in Parts 3 and 4 of the table. This analy-
sis yields a remainder mean square which may be used to conduct "t" tests of the differ-
ence between the row means and between the column means. The least significant difference
between margin means, as listed in Part 4 of the table for the 5% level of confidence, is
15.7. In terms of this LSD, it is clear that dials with zero at the bottom and having a
scale break are (for the groups and n.umber locations used). significantly better than the
other three combinations which themselves are all much alike. Similarly, among the row
means, it is clear that a distinctly inferior combination is Group III reading dials with
unbers irside (a conclusion which applies generally, as well as to the case of the break
or no-break dials separately). Group I/IT appears to do equally well with both number
locations. Group differences are significant for numbers inside, but not at the 5% level
for numbers outside.

Analysis of Reversal Errors at Zero
The very occurrence of these errors on no-break dials is, of course, a sufficient

•<t:-ument for the adoption of dials with scale break. Among the no-break dials, however,
zero location and groups are significant sources of variance (see Table B). Consistently
fewer rev6rsal errors at zero are made by Group IJII than Group. III, and by either group
when the zero id located at the top of the dial.

Analysis of Reversal Errors at 10, 20, 30, or 40

This analysis appears in Table C. No effects are signi, cant in the over-all analy-
sis (Part 2 of table) but the effect of zero location is significant at the 5% level for
the break dials considered alone. The data f~r reversal errors at zero in Table B and
the discussion of reversal errors in the text lead one to expect an effect of zero loca-
tVon on reversal errors within scale. This gives one confidence in the present result
for break dials even though a comparably significant effect is not observed for the no-
break dials.

Analysis of Remaining Gross Errors

This analysis is summarized in Table D. The only significant factor here is the
difference between groups which is significant at the 1% level when tested against
pooled error based on the last 11 values in the table. The direction of the difference
between groups is like that ob3erved for the /10 units errors: ,roups I and II make
fewer errors than Group III. The group difference is also significant in the analysis
of the data for the scale break dials alone.

The results of the foregoing analysis have been consolidated in Table III of the Text.
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TABLE A

ANALYSIS OF +10 UNITS MRRORS

1. Table of Transformed Data*

Dials with Dials with Dials with Dials with
Zero at Top Zero at Bate Zero at Top Zero Bottom

No SD No SB Scale Break Soale Break

Subjeot Group 1+11 I 1I1 III 1+11 III 1+11 III
Number Subjects 29 17 29 17 29 17 29 17
Noe Resd/dial type 2900 2150 2900 2150 2900 2150 2900 2160

Dials with Nose In* 57 115 57 121 80 10z 44 83
Dials with Noe. Out, 71 86 80 88 68 70 44 6

2. Sary of Initial Over-all Analysis*

Source of Mean Sq. (a Sum mian F ratio (using
Variance def. of squares) doef Square pooled error)

Groups 1 3595 4l,6*
Zero Leo. 1 281
Noe LToi 1 452
gale Break 1 946
Or z ZL 1 60
Or x IL 1 1075 13,2*
Or z 8 1 255
ZL zU 1 68
ZL zS 1 588 7e2"
ULzXSD 195
Or x ZL z NL 1 10.6
Or z ZL 8B 1 85.6 5 81.
Or z NL x 8R 1 248o
ZL z N, z SD 1 45.8
Remainder 1 18.1

8, Table for Follow-up Analysiso

Zero Top Zero Doat Moans for Zero Zero Means for Means for
Io SD No.85 No Br Dials Top 81 BDt. S Br Dials all Dials

I+I. lose In. 57 57 (57.0) 80 44 (62.0) 59.5
III.. Nose Out. 71 80 (16.6) so 44 (65.0) 65.•
III los. In% 1ie 121 (118.0) 102 82 (92.0) 105.0
III. Nos. Out. 88 88 (88.o) TO 66 (68.0) 78.0

Miens 82o8 N8o 79.5 59.0

46 Mnary of Follow-up Analysise

Sour*e of aum of Mean
Variance Squares dW.f Square F Ratio

• 5% level

Group and leL. 4917.2 3 1659.1 17,10*l **1% level
ZL and SD 1814.2 5 604.7 8.3' .,*0.1% level
Remainder 863.5 9 95.9

M5%• for row or col. mans of 4 ový-tios - 15.7
LSD5% for row means based on 2 entries a 22,2
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TABLE B

AXALYSIS OF REVM2BSAL M.RC8 AT ZERO

i. Table of Transformed D&aa.
Dials with Dials with

Zero at Top, Zero at B-ttam,
No Soale Break No Scale Break

subJect Group I / II 11 1 1I III

vMpber Subjects 29 11 29 17

No. Read dial Type 2900 2150 2900 2150

Dials with lox- Inside 54 63 66 86

Dials with 1oee0 Outside 39 63 71 79

2. Sumnary of "aialysile

source of Mean Sq. (a Sum Mean F ratio (Using

varianoe dA.£ of squares) d.f.. Square poiled error)

Groups 1 450 15.6*

Zero Loo. 1 W40 29.1*e

uumber Loa• 1 32 1.1

G'rz74Z 1 4.5

urz , 1 2 4 28.9

ZL x NL 1 24.5

Remainder 1 84.5

* exceeds 1% eigniftoanoe level

e* exceeds 1% esinificanoe level 
'6
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TABLE C

ANALYSIS OF REVERSAL ERRCRS nITHIN SCALE

1. Table of Transformed Data,

DiAls with Dials with Dials with Dials with
Zero at Top Zero at Bot. Zero at Top Zero Bottom

No SB No IB Scale Break Scale Break

Subject Group I/1I III I/II 'II I II III I/n III
Number Subjects , 29 17 29 17 29 17 29 17
No. Read/dial type 2900 2150 2900 2150 2900 2150. 2900 2150

Dials with Nos. In. 66 63 44 51 57 59 47 51

Dials with Nos. Out. 39 55 54 73 60 66 57 46

2. Suimmary of Over-all Analysis

Source of Mean sq. (- sum Mean Square
Variance d.f. of Squares d.f.

Groups 1 100
Zero Loc. 1 110
Noe Loo. 1 9

eSotle Break 1 0.25 No Significant
Or z ZL 1 0.25 F Ratios
GrxIL 1 25
O Gr B 1 90
ZLxNL 1 240
ZL z SB 1 100
NLx B 1 20
Gr x ZL zNL 1 42
Gr x ZL x SD 1 49
Or a NL x SB 1 110 5 107_ ZL x WL • 89 1 324

Remainder 1 9

3. Summary of Analysis for 4. Summary of Analysis for
Scale Break Dials No Break Dials

def° Mean d.f, Mean F d.f. Mean
Sq. Sq. Ratio Sq.

Groups 1 0.12 1 190
Zero Loc. 1 210 9.1 1 0.12
No. Loc. 1 28 1 1
Gr x ZL 1 28 1 1 21 No Signif i ant
Or x NL 1 15 4 23 1 120 F Ratios
ZL x NL 1 ; 1 561
Remainder 1 46 1 6
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TABLE D

AhJALiJIS OF "RgAINING GRObS SRRORS"

1. Table o? Transformed Data

Dials with Dials with Dials with Dials w1P
Zero at Top Zero at Bot. Zero at Top Zero Bot•lg

No SB No SB A eale Break soale Brpok

;Subject Group Ijfl III I,'x III I/11 III 1/11 x0
Number Subjects 29 17 29 172 17 29 ýNo.Read/4iai tYPe 2900 2150 290 2150 2900 2150 2900 21l
Dials with Nose TI. 54 55 57 70 60 70 54

Dials with Nos. Out. 47 55 51 88 30 57

2. 6ume-y of Over-all Analysis.

Vaouroe of Men Sq. WS Mean F Ratio (Using
Variance dot of Square dot. square pooled error)

Groups 1 770 11.0 *Zero Loco 1 315 4.5No. Leo. 1 60 0.9
Scale Break 1 1.6
Gr x ZL 1 68
Gr x NL 1 60
Gr x SB 1 3.i
ZL x NL 1 138
ZL x sB 1 95
IiL x SB 1 105 11 70*1
Gr xZL x NL 1 0.6
Gr x ZL x SB 1 150
Gr x NL x SB 1 60
ZL x NL z SB 1 5.1
Remai•der 1 86

3. Surmary of Analysis for 4. Sumry of Anal:,rls forSoale Break Dials No Break Dials

d.f. mean sq. d.f. Mean F dot. Mean Sq.
Sq. Ratio

Groups 1 338 87* 1 435
Zero Loc. 1 ,2 1 378No. Loc. 1 162 1 3.1Or x ZL 1 8 1 210 NO•t- mGr x NL 1 0 4 39 1 120 •atio sZL x NL 1 98 1 46 FPtioRemaindw 150 1 36
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