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ABSTRACT

This report deals with an investigation of the elfects which
origzin location, scale break, number location, and contrast dirsection
have upon the speed and accuracy of diai reading, Specific errors
which are examined and discussed include reversal errors and errors
of plus one numberad scale division. The data are based on a total
¢f 10,00 readings contributed by L5 subjeocts tested in a group teste
ing situation,

Wiithin the limits of design variation studied, the results indi- —
cate that the bes: desizn for a simple dial which is to be numbered
evory 10 uaits and read quantitatively at any and all scale values,
is one whish has a scale dbrecak at zero, locates the 2ero near the
bottom of the dial, and losates the numbors outside the scale, At
daytine illumination levels like those used in the present experiment,
it makes no Jdiffecrcuoe whether the dial is of black-on-white or
white-oneblack design.

Both the error of plus one numbered division (plus 10 units in
the presont case) and the reversal error are found to be assooiated
with the readinsz habit of consuiting the soale numbor whish is
nearsst the pointer., The plus 10 units error is most comnon in the
numerical scals rezion O to 9 no matter where that rezion appears
on the dial, Tha roversal error is more cocamon in the lower half
of oclockwise diais where the scale proceeds from right to left than
in the upper half where the scale proceeds from left to right,
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DEIGH OF DISTRUNINT DIALT FCR IAXIIUN LEGIDILIVY

Part V., Origzin Location, Scale Break, Number
Locatlon,and Contrast Direction

)

I. INTRODUCTION

This experiment was planned with several objectives in mind;

(1) to learn more about tie orizin of the / 10 units error on scales which are num-
berea every 10 units. This error has been desoribed by Eappauf and Smith (1950a) as
oocurring with especially hizh frequenoy in the scele region between O to 9. Faot-
ors suggested in the foresoing paper as possibly related to the ocourrence of this
error included looation of the scale orizin and presence or absence of a scale break
¢t the origin or zero mark. Accordingly it was planned to study these variables.

(2) to inquire into the dependence of reversal errars on dial design. In particular,
& 500d opportunity to examine the influence which scals direction mizht have on these
errors was promised onoe the variable of scale origin location had been aanipulated
in order to satisfy objective (1).

(3) to determine whether there is a significent differonce in gross error frequency
or in reading time between dials where the numbers are arranged inside the scale cir-
cumference and dials where they are arranged outside the soale. Instruments which
have dials with nunbers inside permit the use of a more expanied scale within a given
area of panel space. For the most part, therefore, they can be read with Zreater
interpolation accuracy, having a longer arc per scals unit or, in the terminology of
Garner and Gebhard (1949), a greater size of "called interval™ (see data of Grether
and illiams, 1947 or 1949; Kappauf and Smith, 1950b). Should it tum out, however,
that gross errors are more frequent on dials with numbers inside, even when number
reading confusions are minimized through the use of slender pointers, the additional
gross errors would prodably outweigh in significance the interpolation sdvantage of
these dials. This would poiat to ths adoption of the numbers outside design where- *
ever practical.

(4) to detormine whether there is a significant difference in the frequency of gross
errors or in reading time between black on white instrument dials sand white on blaok
dials. Chalmers, Goldstein and ¥appauf (1950) have inferred, from indirect evidenoe,
that contrast direotion should have little effeot on dial reading, but it remained a
part of the laboratory's progran to obtain direot data on this wariadle as soon as
convenient in some other experinent.

*Anong those who assisted in the conduct of this experiment end in the processing of
data were 1. Boekhoff, R. li. Brown, E. L. Chalmers, f. Goldstsin, C. Payne, H. R.
Van Saun.

USAF-TR-6366 . -1l-




The present investigation was thus concerned with the study of two specific kinds
of errors and with the evaluation o & series of dia)l design variables: ' scale origin
location, scale break, number location and contrast direction. For convenience in
assessing these variebles, the scales chosen for study were alike in scale range,
graduation and numbering. All were graduated and numbered by tens from O to 50, The
known low frequency of gross errors on soales of this sort sugzgested the need for a
lerge number of reading trials and, in fact, for some form of group testing situation.
The study, as reported below, involved the testing of 46 s\ibjects who made a total of
40,400 readings. liore date would have been desirable for some of the breakdowns, but
work hed to be terminated when it became necessary to relirquish the laboratory space
Leinz used for tHe study. '

Vihen refcrred to in other re-orts of this serles, the present investigation will
te calieu kmxperiment 6.

A . AMTY AFMTOILIAY TRAsTmT S
svwre vS Jwio CHILHAL TRUCEDURE.

squipment was developed whioch permitted the simultaneous testing of as many as
20 subjects. Subjects sat in a short three-row section of bleacher seats at distances
0" 8, 1C and 17 feet from an e:.ended black screen at the center of which the test
dials were oxposed. Tne dials were ¢ 'sented in sets of 12 on large plywood panels,
feur by four and cne-half faet in size. Four such panols nad been oconstructed. cach
vus susvended from rollers on an overhead track so that it could be manouvered quickly
into display positiene. A panel, having been brought to this position, was exposed to
ihe subjects by tho lowering of a.black cloth curtain. shen all subjects had com=
ploted their readings, the curtain was drawn, the panel slid aside and a new panel
moved irnto place. The dial pointers on the withdrawn panel were then reset in anti-
cipation of the reuse of that pansl several trials later. Panel orders were varied,
a3 well as dial arrangements within panels. Panel illumination was not specifically
centrolled, but was always at a "daytime level” as previded by a combination of gen-
cral daylight room illumiration and the lizht of two floodlighting tungsten lamps.
Lincr varietions in illumiration at this level are knovm not to affect reading times
or the incidence of sross errors (see Chalmers, Goldstein aud Kappau?, 1550).

girht of the 16 disl types which were studied in this exper iment are shown in
Fizure 1. The remainirg eight were like these excopt that the display presentation
was white on tlack rather than black on white. Dials with numbers located inside
the scale had a scale diarmeter of 10 inches; those with numbers outside had a scale
diameter of six inches. All numerals and scale marks were such that at tha 10
fool viewing distance they confornea in visuel anzle size to the dimensions recormended
for major markincs on instrument aisplays by the U.s. Amy-!«'av.y-lmc Vision Committee
(1247},

Three dials of each of the 16 types were used. The four test psnels were assemb-
led so that one white panel contained the 12 black on white dials with numbers inside
the scele, a second white panel contaired the 12 black on white dials with numbers
outsicde, hile the third and fourth were corresponding black panels with the white
on blacik dials.

A tasic schedule of readin~s was set up so that each dial type would be read in
each of the £1 possible different pointer positions, from O to 50 inclusive, in the
course of 17 presentations of every panel. zuch a round of 17 presentations of each
test ranel in u-e with & particular subject group is here called a "test run". If

i
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Figure 1. Dials which were used in the exporiment.
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but two test panels were in use with a group of subjeots, a test run could be completed
in a single experimental session. .ihen ail four test panels were in use, a test run
required two exverimental sessions, the first with eight vresemtatims of each panel
and the second with nine.

Panel orders, dial arrangemsnts within panels, and pointer setting seguences
were planned in advence of testing. Panel orders were varied systematically during
each test run so that nractice effects would not influence panels differentially.
The dial arrangemsnt within each panel was always such theat no sivan type of dial
appeared more than once in any of the three rows or any of the four soluwms of dials
on the pan~l. urther, the arrangenent on every panel was mirrored from right to
left twice during the course of every test run. Pointer settiny sequemces for each
dial type were determired froc rsandoa number tables. Settings for various companion
dinls were balarced by requirini tnat the group of settings used in the first half
of the test run with one dial, be used in the last hali of the test run with the
other, and visa versa. All pointer setiings were made manually by assistants who
worked from prearranged lists of settinzgs and made use of a series of lisht pexeil
marks (not visible to the subjects) which identified every unit scale position on all
the dials.

tach subject recorded his readings on a writing tablet strapped to his leg just
above the kree. One paze of this tablet, four inches wide and 14 inches long, was
used to reccrd data far a single veanel presentatioh. liotches alorg the 1left edge of
the tablet provided a guide which the subjects used initially to space successive
reaainss aom the page. After a few practice trials, most men were able to write
their readings quickly without lookirg at the pad and withcut superimposing entries.
Fetween trials, each subject prepared e new record sheet. At a ready signal he lookec

USAF-TR=€566 b=




up, and at the lowoering of the curtein he read the diels, left to right and row by
rowe At the oompletion of the twelfth reading, he read & digital timer located Just
to the right of the last dial. He entered this finishing time in seconds at the
foot of his record siicet. Startinz time for the panel was rocorded by the experimen-

ter, and reading time was calculated subject by subject at the conclusion of the ex-
periment. ‘

Sub jects were instructed to read all dials as rapidly as possible and to make
each reading to the nearest uanit. Acouracy of reading, as such, was not mentioned in
the instructions, but emphasis was placed cn "reading to the noarest unit". These
instiuctions were identical with those used in recent studies of this series (Kappauf
and Smith, 1550a, 1950b). They were repeated before each test session.

Twelve pensls were presented far practice at the beginning of tho first exveri-
m.ntal session with each group of subjects. Light practice panels were presented
prior to test reacin:s on subsequent test days. The typical session of 40 to 50 pan-
ols required an overall time of about one and one-quarter hours.

11T, 55BJ:CT GACUPS AID THE SPECIFIC PROCEDURE VITH EACH.

Three groups ¢l subjests served in the experiment.

Group I consistad oi 17 colleze students, The group came to the laboratory on
twe suscessive days and completed one test run using all four test panels. No member

of the group hed binocular visual acuity at distance of less than 20/2§ as measured
with the Ortho-Rater.

Group II includoc lwth sSollege students and graduate students, and numbered 12
mene. The intendad testin; prosrwm was the came as for Group I, but through a scheduling
error at ons point the pointer setiinzs used did not correspond exactly to the un-
ifors series of S1 different settin:s for each dial type. Again for this group, no
mermber hud binocular visual acuity poorer than 20/29.

Group 111 consisted of 17 hirh school stulents from grades 9 to 12. This group
read the white on black vanels only. The entire group campleted two test runs om
these panels, one on esach or two successive days. KNine nembers of the group returned
for a third test run. Disal arrangements and pointer setting sequence: were variod
from run to run. XNo student had aculty voorer than 20/33.

IV. HANDLIKG OF THE DATA

Lata Transeriction

Srrors and reading times were transcribed on sumary sheets by a procedure which
involves brin-iny together all subjeots' record sheets for a given panel of dials.,
4 spot check based on a re-tally of about 127 of the data demonsirated the tallying
preceduras to be of high accuracy. Ambiguity of subject responses due to overlsp of
entrics on tiia record sneets vms negligitle. Handwriting internretation was occasionally

USAF=TR=0G366 .




difficult for some subjects, but the re-tally pioked ur only three readings which were
then considered correct after having been scored originally as gross errors.

J Error Classification

The observed reading errors were tallied in the following categories:

. (1) Total gross errors: This category included all errors of four or more units.
] There were 536 such errors, constituting 1.33% of the' readings recorded in the ex-
periment. i

(2) wsrrors of #10 units: This éategory, a portion of ocategory (1), included all
errors of £9, 10 or £11 units. The same tolerance for scoring this error was used
by Kappauf ard Smith (1950a). zZrrors of this type totaled 256,

(3) Reversal errors about the scale zero: These er:ors occur on dials without a

scale break and involve reading the scale in “he wrong diraction from zero wher the
printer is in the last scals interval. Thus the scale region bounded by the numbars
0 to 40 is interpreted as a rezion fram O to 10. There were 82 gross errors oi this

typo.

(4) Reversal errars within the soale: This category included all positive and neg-
ative reversal errors about the numbered scale marks at 10, 20, 30 and 40. All
syrors two units and larger which were within one unit of being an “exact reversal®
were scored in this category. There were 118 of these errars, 8¢ of which were
gross errors and 34 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 vhich might aleo
have been interpreted as reversal errors (e.g. reading 15 as 25). Thase 30 errors
were clearly of ambiguous origin, but the occurrence of about twice as many 10 units
errors as revorsal errors in this experiment indicated that classification errors
would be minimized by lweping these in category (2). Figure 5 below suggests that
this "probabdbility" method of classifying the errors was satisfactory.

(5) Remaining gross errors; The 134 gross errors which remeined unclassified in
cavegories (2, (3) or (4). Cf these, €1 were errors of -10 units 21, not including

13 errors of =10 which were put in category (4) as reversal errors. It was assumed,

as above, that classification errors would be minimized by Mmeping these 15 in the
category of the more frequently made error, in this case in the reversal error category.

It will be noted that the use of a tolerance in scoring 10 units errors and re-

versal errors is necessary in order to allow for simultameously rmmde errors of visual
interpolation or for ths possible operation of number preferences.

Basis of Error Comparisons

In order to simplify certain aspects of the treatment of the srror data, the pre-
sent analysis is based upon 50 (nct 6§1) readings per dial type per test run. These
are the readings made for pointer positions O to 49.

Because of the similarity in compositicn of Groups I and II, the error data for
these two groups have been combined in conducting the statistical analyses of the
offects of the various dial desi;n variables. Comparisons are male tetween the per-
formence of this combined group and that of Sroup III.

UsAF-TR-6366 -5
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srror Transf{ormation

Prior to the epplication of significance tests, the error data were subjected
to the angular transformation (see Snmedecor, 1940; Xappaul, 1547). "I not achieving
perfect homogeneity for data of the present sort, this transformatio.. at least puts
the data in the most accepteble form kmown for their analysis. The transformation
applied was of the form

1 o= sin ! —é—; (1)-5‘5 ' ~

i

viiere x is the nunmber of errors observed in N readinps. The trahsformed yalues given
in the various analysis tables in the ippendix represent © in radians x10v.

X

v

V. RoUULTSs THE BFFECT OF DIAL DESIM VARIABLES C REALING SRRORS.

A general summary of the recorded errors ie presented in Table I. Seenming gaps
in this table reflect (1) the fact that droun IIT did not read the black on white
panels and (2) the fact that revarsais at zero could not ococur on dials with a scale

break.
PABLE I: Gl JDOGGY OF Jaldih: /Al Bk uds
Dialy vitr Dlals viek viale viw Lials vith
“aro at Top, Zero at Poitm, cary o\ Top, ~CPo wl Botiam,
Mo Scile Rreak N3 Scale Break Scalu Bresk Scule rewk
S, Crowp I 11 1x I 11 ur I oin O ¥ S ¢ 4 ¢
Bo. Bubjects LY B v 18 Y A H 17 IV 17 P ¥ 17
No. Readings/ 5 s AR Az o L [ NIREN 3 5 U KRYIEENCIY) G
disl_type - - -
TYAL Wa.oa In Yooy W 5 3w 2 1 3 R Y
C. B8 Black out § 5 b1 PR Y A | v 12 44 2
EXRONS
Bl. ou Ia 1 & 14 u b i 3 ¢ 1
Shite Sut L o a1 i_.5 g &
A UMD Wu.om  ln 4 & 2 9 2 s 6 22 101 1
BRNORS Black wut .’: <1 i P4 1 i [ 1 ) 9] H < K
fl.on  In 501 S v oL 2 1 ®
Vojve, | Ouy L 1 ... -don O S 1 v
RRVERSAL  Wh. om in 1 3 3 1 o 13
EORS Flack vat i f 12 L T &
AT Lo
Bl. on Ia 2 2 4 &
White Jug i J 1
REVERSAL  Wh. oa Ia 6 o0 Y 2 0 5 2 n 7 4 1S
ERRORS Black Out 2 1 [ o 5 1 101 1 3 2 N
HAITHIN
SCALE B.on In o2 2 1 k2 1 0
White dut Q 1 2 1 ] 2 EN 1
RIMAINING  Wn. on In 1 2 [ 3 1 12 [ 1 19 3 ¢ 'l’)
GROSS Black Out 3} o 6 2 4 15 1 s} / .3 9
ERRORS
Bl. on In “ 1 3 2 3 3 S o
White Qut L 2 1 J 2 i 5 i
Contrast No. Note: Values io thie tsble are observed error freqiencies. )
Direct. loc.
)
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" Contrast Direction

Error data for the effect of contrest direction, obtained with Groups I and II,
have been extracted from Teble I and are separately summarized in Table II. The two
subject groups together made a total of 11,600 readings on the eight different white
on black dials, and the same nwaber with corresponding pointer settings on the eight
different tlack on white dials.

The data in Table II provide no evidence of a réal dilference between the white
on black and blaclk on white displays. Hence, data for dials of both contrest direot-
ions have been lumpred together in the remainder of this report. Such treatment per-
mits no examinaticn of interactions between contrast direction effects and the effects
of other variables, but the likelihood of tuch interactions being sigmfico.nt appears

small.

The Remaining Desi:zn Variables

Study of the effects of the remainine oxnorimhl variables on reading arrors
was carried out by analysis of variance methods. For this purpose it was convonient
to consider diiferent classes of errors separately in view of the possitility of re-
lating particular errors to specific dial desizn features. A swwrary of the success-
ivo stops in this analysis and a statement of the results is ziven in Table III. De-
tails of the analysis are presented in the Appendix where ‘l'nblos A,B,C and D deal res-
peotivoly with #1C units errors, reversal errors at sero, reversal errors within soale,
and remaining gross errors.

Best Desircn Combination

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

(1) has a scale break and has the scale zero noar the bottom, and

(2) has nunbers outside if it is to be resd by high school level persomrel (although
the numbers mizht be placed either inside or outside if the dial is to be read ex-

clusively by colleze level personnel). .

This design eliminates the possibility of reversal errors at zero, and reduces the
occurrence of the two most common errors on the simple decimal scale = the #10's error
and the reversal error within scale. The number of remaining unclassified gross
errors is not influenced by these desizn choices. Contrast directica is unimportant
and need not be specified unless other tasks carried out by the dial reader dictate

a preference.

Best Design for No-Breek Dials

Certain lonc-scale instruments are designed as multiple-revolution indicators.
Undesirable as some forms of these indicators are, others appear to be quite acceptable
(crether,1947). The scsles on such instruments are no-break scales because their
pointers or indicatcrs are currently engineered to move continuously. Assuming that
readings of those multi-revclution indicstors involve the seme kinds of errors as were
recorded for the present no-btreal: scales, one would recomnend that tho scale zero on
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ERROR FREQUENCIES F(R WHITE ON BLACK DIALS AND BLACK ON WHITE DIALS

TABLE I1

Data for Groups I and I

Dials without Dia.l.a with All Dials
Scale Break Scale Break and Groups
’ )
Subje Group 111 ifn
No. Subjects 29 , 29
No. Readings/ §800 5800 11,600
dial type
TOTAL GRCSS White on Black 64 48 112
BRROES Black on White T0 50 120
/£ 10 UMITS White on Blsek 23 31 “
ERRORS 2lack on Thite 27 19 46
REVERSAL ZRRORS wthite on Rlack 19 19
AT 2ERO Black on White 19 19
REV'RSAL ERRCRS ~  Thite on Black 16 14 30
WITHIRN SCALE Black on Thite 13 20 33
RELAIMING GRCGSS yhite on Black 12 14 26
KRRORS Blaok on Vhite 17 17 34

such indicators be located at the top and that the sceale numbers be located outside
Af hirh school level persomnel are included among the readers (see left half of

Fart 3, Table A). This desipgn reduces the inoidence of reversal errors at sero, as
compared with the zero bottom desi:n, amd reduces the likelihood of ¥10 units errors

by high school reeders.

VI. RESULTS: THE EFFECT OF DIAL DESIGN VARIABLES ON RNADING TIMES

_The assigmment of dials to test panels according to contrest direction and num=-
ber location made it possible to determine the effect of these two variables on
reading time. Table IV surmarizes the resdins time data. The breakdown is by sub~
ject groups, test day, and experimental variable. Values in the table are average
reading times psr dial in seconds. The entries for total re~dings are based on 61

reedincs per test run per disl type per subject.

Contraat Direction

The averages far Croup I #II indicate a reading time of 1.35 seconds for white
on black dials and of 1.38 seccmis for black on white dials. This difference is not
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Table .III

OUTLINE OF ANALYSIS AND RESULTS
FOR REMAINING DESIGN VARIABLES.

ANALYSIS OF /10 UKITS 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 thigv was the most oommonly observed
gross error.

Siznificant effects on F10 units error found for:
Groups (1% level) == Groups I and II made fewer errors than Group III.
Group X Nunbor Location Interaotion (5% level) =- Groups I and II weie

not oritically influenced by number loostion, tut Group 11l made
significantly fewer errors when the numbers were outside.

5 X

= Ssals Dreak Ioterustivu (5% level) -- The combimation
of zero at the bottom and scale dresk led to significantly fewer
omu t.. the other three ocombinations.

CO"PLETION OF ANALYSIS FOR BREAK DIALS ONLY IN TERMS OF OTHSR KINDS OF GROSS
vR"ORSs Consideration of break dials alone is appropriate now because the /10
units error data and the ocourrence of reversals at zero on no-break dials both
point to the use of break dials wherever possible.
s>ignificant effect on reversals within socale found fors
Zero Location (6 level) = Zero at the bottom led to fewer errors.
Significant effect on remaining gross errars found for:

uroups (5% level) = Groups I and 11 made fewer errors than Oroup III.

COMPLLTION CF ANALYSIS FOR RO-~BRFAX DIALS: This analysis is pertinent to the
design of oertain multi-revolution instrunents which require no-break soales.

Signifiocant effeots on reversals at szero found for:
Groups (575 level) =- Groups I aud II made fewer errars than Group III.

Zero Location (1% level) == Zero top led to fewer errors than Zero
Bottom.

No siznificant effeots found in analysis of reversal errars within scale, or,
remaining gross errors.
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‘ significent, so it is concluded that contrast direction dcee not affect diel reading

, speed at daylight illumination levels. This mgrees with what Chalmers, Coldstein and
Yappauf (1950) had inferred from measurements of reeding times for visual ecuity chert
’4 figures. The present dial reeding date and the acuity chart data thus indicate that the
; conclusion of one wartime report to the effect that white on tlack diale require 25%

s longer reading times than black on white when both are viewed st daylight levels (GB.
¥edical Research Council, 1541) ie either generally incorrect or does not apply to the
perticuler cage of displays rarked with nunber and letters approximating the U.S. Army-
Yavy seronautical design stendard AND1O4CO (1544),

TIELE 1V
AVERAGE READING TIMES PER DIAL IK SECONDS
CAILY AVERAGES

-

Group 1 Grovp IX Group III

Day 1 Day 2 Dey 1 Day 2 Dey 1 Day 2 Day 8

No. Subjects 17 17 12 12 17 17 9

Total read/panel 1€32 1838 1162 1296 3468 3488 1838

White on Kos. In 1.3 1,22 1.60 1,41 1,88  1.63  1.43

Blagk Nos. Out 1,4C  1.28 1.87 1.45 1,67 185 1.47
Black on Nose In 1,83 1.19 1.€1 1.40
Thite Nos. Out 1,32 1.24 1,68 1.46

AVERAGEE FOR
G%W.P1 +11

Nos. In Nos. Cut Averages by

Contrast
Direction
Thite on Black 1,3¢ 1,62 1,39
2lack on White 1.3%6 1,40 1.8¢
]
Averages by
Number Location l.%€ 1.41

GEAND AVERAGES FOR ALL
GROUPS, Deys 1 nnd 2 _ 1.48 1.82

Yiumber Location

The grand average for all subjects over deys 1 and 2 irdicates an averesge differ-
ence of 0,04 seconds per dial in favor of chorter resding times for diale with numbers
inside the scale. Although this difference is & statietically reliable one, with day
by :dny results showing significently more than half the subjects reading faster on the
nunbers inside errengement, the difference is probably of little nractical significance.
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VII. RESULTS:s ORIGIN OF THE #10 UNITS SRRCR.

{ Figure 2 shows the manner in which the observed+l0 wiitserrors were distributed
around each of the several dial types used in the experiment. The data presented are
for Groups I and III ani 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 fige
ure would describe results based on exactly balanced readin:s around every dial, the
readings by Group II having besn somewhat irregular (see section III above). Actually,
the inclusion of the Iroup II errears would have altered in no way the conclusions
drawn from the figure. !

Two summary tallies are derived from thg plot of the individual errors in Figure
2. (ne 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 Fizure 2 itsclf. The sscond is a suwemary distrioution of errors by
pointer position within any interwval between scale nunbers. This is zivea in Fizure
S.

Two facts were reported by Xappauf and Smith (1950a) as characterizing the f10
units error made on scales numbered every 10U unitss

(1) On dials with zero at the top and having no scale break, it cocurs most fre-
quently in the scale rezion O te 9.

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

. These faots are oonfirmed in Figures 2 and 3 ard are extended as follows:

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

(4) The error is oharactsr’'stic of the O to 9 rezion of the scals whetaer the zero
is at the top or botton of the diasl, whether the soale has a dreak at the origin or
not, and whether the subjeot calls out his rendings (as in Experiments 3 and 4 of
this serie3) or writecs them domn {as in the present experiment).

(5) Ocourrencs of the error in the last numerical region of the scale is observed
only on break dials where the final scale number actually appears.

To these statements may be sdded the result of a breakdown rot previously oited
which shows that

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

Taken torether, these statements provide the basis for the following desoription
of the 10 units erroriy Over the portion oi the scaie beyond 10, the £10's error is
the result of raader habits (a) to consult the scale number nearest to the pointer
and (b) to add to the consulted numbser the value of the scale portion which the pointer
has swept off betwsen numbers. These procedures result in correct readings when the
pointer is in the lowsr half of a numbered interval, but produce the £10 units errax
when the pointer is in the upnsr 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. Distrihution of /10 units errors on dials varying with respect to tero loc-
ation sod scale bresk. Data for groups 1 and III.

o - errors on ¢isls with numbers inside

x - errors on dials with numbers outside
enclosed symbols - errors which might also have been treated as reversal errors
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Figure 3. Distribution of 10 units errors within the interval between soale numbers.
Data for Groups I and III. )

made in reading combined coarse and fine scale indiocators, where the coarse indication
is taken too large by one cyole sr division and not correoted domward when the fine
indication is read (see Bray, 1943; Grether 1947; Kappauf, 1949). Over the porticn of
the soale from O to 9 the error quite probably has the same general basis just desorited
“ut unless it were helped along by some other faotor, it would certainly not occur
with a frequency which is some six times greater in this region than in othsr regims
of the scale. Several possible helping factors have been eliminated in (4) and (6)
above, 80 it now seems that the responsible factor must reside in the reader in the
form of & habit or tendency to inslude the same number of digits in all his reedings.
There is an “honest" temsdigit ir any reading beyond 10, but for indicated readings
below 10, the tens digit is properly O. The hypothesised temdency to "round out"
readings to the smme nmmber of dizits would well account for the reader's added will-
ingness to pick up the tens dizit “1" from the consulted number 10 and use it in his
reported reading.

In sunm, then, the f10's error is conceived of as an error which the subject makes
because of an "adding on" habit. He oconsults a number and he "adds on" the value o
the scale portion which the pointer has marked off between numbers. He is more likely
to add on to 10 because this mekes his reading a two-digit value comparadble to most
of the other readin;s being teken. Although the error under discwsion rsre is spec-
ifically one of 710 units on scales which are of the simplest possible form, it is of
general intersst in that it represents a class of errors which ocould ocour on any
soale ~= an error o one numbered division. For this reason, the results of the
analysis of variance of the #10's errors by dial types may provide sugzestions for mays
of generally reducing the inocidence of errors of plus one numbered division on all
scales. The desizn recommendations based on the present data would be tos

(1) Use dials wita the origin of the scale near the bottom and with a scale break.
30 far, no rationale for the advantage of this particular desizn has bean presented,
but one is sugzested by a somewhat different look at the data. The paired diagrans
in Figure 2 permit a comparison of the likelihood that #10's errors will involve a
given numbersd mark when that mark is in opposite dial positions. When an analysis
of these paired error numbers is made, in a manner which will be outlined in more
detail in the following section on 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
rore #£10's errors are made when the presumably consulted number is in the lower half
of the dial than when 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-

{ whet "rizred" by the exclusion of the errorcomparisons for the O to 9 scale regions.
3 It these are included ir the _enalysis, the top~half bottom-hail difference is no longer
statistically siznilicant. None the less, the sugrestiuvn seems worth malking that errors
of plvs one numbered division mey be less frequent in the top dial half the.n in the
westom diel half. ere this tre, it would pormit the gonex'i‘l crediction that the
dial to use for minimizing the inecidence of tisse arrors would be one with a bresk in
+he lower half. :
(2) Use diels with numbers outside if they are to be rsad by high school level pere
sovne:. Jerhans this arrangement is successful in redvsing the errors mede by less
ilied readers because it forees than into a more delibcrate ard proper use of the
nwarer scalg. - :

'

sraver Lsoasible, the uwse ol scales which cover a numerical range within

{4 Joroid, wh ¥ w

waan thera 32 a cl*mg;c in the amwnbor of dizits required in diiferent readirgs.

zuch & change see = to L the Tasls for ihe hich incldence of Fi0's errars in the 0
o oreTacn on ‘*r-e rresont asales, anc could resalt in similar errars of 4100 in the

% vo 99 re~ian of scales nunbered by 100 unit steps.

VIII. KooDse ORTHIN OF SEZWHEAL ZRROHS

A %12t rL ¢aa loeaticu ¢ otsarved roverscl errors cround tre several dials is
-epnepted i1 Fimoe 4o Trls ulei zarallels Firure 2 exactly, and leads again to the
tewalovricnt of Gwo summary distritutions: cne for srrors by cdial region, the other for
arrors 4y a Juncticn of acintw“ ~(gition relative teo the numbercd sradvation mark
theench rden the scales woo revarsaa,

Toure S oasys the letier disiributicne Reversals within scale (solid line) and
s vereils ab zero (cashed 1ina) are olotted separately. The dotted inorcment to the
toebrl tatinn for raversals wilhin senle identifies tie sroup of amhigzuous errorsin the

: -:r... of 4, %, and ¢ hick nave Lesn haadied as 10 units errors. The fact that this

.y Yook oL errore wonld have mws ohe Jistribution of roverssls within scele more irreg-

"; wxz- ard lous live tne districution ci raversals at zero lends support to the decision
! Lo v cr.: w by bkt as A10 units errors. Incpustion of Fizure 5 indicates that in sone

" 70, ¢f e ence: wherce bthe direction of a scale was reversed, it was reversed through
P Are nand m’nd mark nearest to the pointer. Inasmuch &s it is diffiocult to understard
, Haw 7o cier would sonfute seale uwirecticr if ne consulted the rumbers on both sides
o tie pointer, sovirsal errors must be symptomatic of the use of but one of the ad-
swcent scule numbers. Tne present data ihorefore reveel, as did Pirvre 3, the tend-
1 eney of ruaders to consuls Just the ucarsr ¢f the two nusbers which breacket the pointer.

8 Puat another aspect of the tolid~line curve for reversals within scrle in Fizure
b geserves commens. Note that thers are mamr more reversals which result in readings

iarcer than the iniicatsd value (pos:ﬁciv’e reversals, shown in the left two-thirds of
r:e distributicn) than there are reversals which lead to readinrs gnaller than the in-
tva wvalue (nerative ravarsals, snown at the ri-ht in the dlstrlbut-on;. Ir Figure

J ica

+ & 4 these two clesses of reversals mre distinguished &s tallies outside and inside the

] the c1rcln of each of the dial diagrams. The count of positive to negative reversals

%3 0 is 78 to 2. This indicatss thet the more common reversal error involves an "adding on"

operaticn; that the reader consultstha nearest scale number and then addsto this the
: value of the perceived pointer deviation. Subtracting into e reversal error is less
common (verha's 2ven less common than here indicated, for emong the 21 negative rever-

szls in the tally, 1¢ were errors of =10 units about which an arbitrary class-
;-
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Distribution of reversal errors on dials varying with respect to sero loo-

Figure 4.
Data for Groups I and III.

ation and soale break.

o - errors on disls with numbers insides
x = errors on dials with numbers outside
enclosed symbols = errars soored as f10 unit errors
. Contained error frequency at least twice as large as frequency for correspond-

ingly numbered mark om companion dial.
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Figure 5. Distribution of reversul errors with relation to the numbered graduation
mark through which the Sosle was reversed. Data for Groups I and IT.
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ification decision had to bs made. See page & above). It is thus seen that the typ-
ienl revarsal error and the #10 unitxz error share in common the adding on tendency
and the habit of working fron the nearest soale number.

o The question of whether reversal error frequency is influenced by dial region

' has atireoted attenticn in the pact with reference to the design of specific dials

end soales. Acoording %o sne hypothesis, a reader would be expected to reverse scale

direction more often where the scale it proceeding in increasing velue from right to -
left, in opposition to left-right print reading habits, than where the scale is pro-

seading from left to right in uccord with thsse other habits. According to a second

hypothesis, a reader would be expsoted to reverse more often vhen the scale is pro-

ceeding in increasing value downward than when it is procseding in inoreasing value

upward, the latter being thought of as a more "natural" and familiar wey of register=

ing inoreasing amounts.

The data in Fizure 4 may be used in a test of these hypotheses. Inasmuch as '
raversals occur with specifio reference to and through some numbered mark, the prea-
ent analysis has been set up to auswer the question whether reversal error frequency
;s influencedby the location of the numbersd mark thr-ugh which the scale reversal
occurs. Accordingly, the ensircled error frequencies which appear around the dial
g diagrams in Figure 4 refer to the greduation marks and indicate the number of times
‘ that each was involved in reversal errors. The enclosed symbols, representing errors

5y " gcored as F10's errors, were not counted in these tellies. By oconsulting the paired
& diagrams in the {igure, cne cesn compare the freoquency of observed reversals at any

: " . given numbered mark when this mark was opposite dial positions. Only the zero point
i B
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on each diagram is specifically marked, but the socale 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
{ nredicted by the second hynothesis above, more errors having been made on the left, up-
s . ward going half than on the rizht. The data do suprort the first hypothesis, however, .
{ Consider first the two lower diagrams for the dials with scale break. Reversals through
the 10 mark were mors common on the zero bottom diali Reversals through the 20, 30 and
. 40 marks were more common on the zero top dial. 1In 'every case, more reversals were made
throush a ziven nunbered mark when it was in the lowér half of the dial, where the scale
proceeds from riht to left, than when that mark was in the upper half of the dial. On
the no-break dials, the same result is noted for reversal througn the 0, 10 and 30 marks;
érrors at the 20 mark ware about the same for the two mark vositions, 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-ialf bottom-half difference is statistically sig-
nificant (exsctly at tho 5 level for test on transférmed frequencies). Uver all, the
split in the number of raversals botween the top halves and the bottom halves of the dials
: was 45 to 62 for reversals within scale, and 21 to 47 for reversals et zero. The evid-
f ence then is sufficicnt to justify the folloydne conclusdona - althansh
; . e Ly di81, iy occur with groeater frequemcy
when readin:s are made in a reyzion where the soale is going from rigat to left; and (b)
that the best estimate of the amount by which probadbility of reversal errors is inoreased
in a rizht to left saale region as compared with a left to rignt- scale region is of the
order of 50 to 100%7.

U S s L&Y (7O pae) s U oU

. The foregoing snalysis is general in tho sense that it leads to a general conolusion
about reversal errors which is independent of dial design and makes it possible to infer
certain dial design effects on roversal srrors. It is interestinz therefore to point
out that it makes understandable the analysis of variance resuits on reversal errors
wnich were cited in Table III above. The analysis of roversal errors at tero on the no-
break dials turnsed up an effect of sero location, and led to the recommendation that such
dials should have the scale zero located at the 12 o'clock position, rather than the €
o'clock. similarly, 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 1s the higher error region.

In sunmnary, the present data offer the following evidence about reversal errorss
that they may occur in sny region of the dial; that they result from the resders' ten-
dency to consult only the number whidh is nearest to the pointer; that they typically »
involve a reader tendancy to add to the consulted number the amount of the pointer de-
viation from that number; they occur with jreater frequency when the soale direction
opposes the left to risht reading habit; and that they are especially likely to occur
on no-break dials when the number consulted happens to be zero.

nelations Detween Reversal irrors snd #10 Units Errors.

It has been indicated in Pigures 3 and 5 and in the discussions of them that the
reversal error and the error of plus onoc numbered division have two basic reading habits
which are the seme: the tendency to refer to the scale number nearest to the pointer,
and the "addinz on" tendency. ‘aat is added on in the two cases is ditferent, but it
might be supposed that the incidence of these two errors would be related, i.e., that
coniitions which vwo:ld 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.
17 one excludes the f10's errors in the O to 9 region as a special class, the F10's
errors which remain seem to be influenced by scale direction in the same way that re-
7ersal errors are. It would appear that left to right scales would minimize them both.
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IX DISCUSSION

Previocus Studies of Heversal srrors

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

)

In the second of these, Christens en worked with clockwise amd counterclockwise
dials, all socaled from O to £§0 and all laocking e scale break.' aAlthough the pointer
seltings which wero used were specifically limited to scale values ending in the dig-
its ¢, 5, and 6, the dials themselves so closely resembled some ¢r the dials used in
the present stuly that it seemed aporopriate to re-work Christensen's records to Cete~
ernine wisther the present results would be borne out in his data. Accordingly the
exors observed in Chrictensen's exporiment were re-cxanined ir the Frinceton labore
etery, classified acocrding to type of reversal, and tailied ac & fupction of seale
direct’cn and as & Nuneticn of peinter position in relation to the mark throu-h which
tos sgaie was roversed. Tho aet rasult waz that every one of the staterenis mede in

m&ax yaliheidai il »
wis0o axd the counterclooxwiae cdials. Heversals wit! scale mnd raversals at elro

were made more frequently when the pointar was four units ammy from the cconsulted
scaie number than when it was six units sway (109 to 22 for reversals within scale,
162 tu 37 for raversels at uers). Reversals tyrically involved the "addinz on" ten-
Jzncy {159 positive raveraais to 29 negative reversals). They ocourred with ;reater
vaguency when scale directicn was risht tc lelt (see iable V). And, reversals at .
1oro outnumbered the cbserved resversals within scale (see Table V), far exceeding the
ni~ected numbar of reversals at zero 1f reverzal about every scals number had been
equally likely.

Christensen's 1946 study dealt with the design of air navigation plctters. These
rlotters use a counterclockwise scale which, for cmvenience, is designed as a 180
A -ree nrotractore One of the questions which Christensen sought to answer was whether
viutter readin:;s would be more sc:urate if the protractor was laid out as the upper
Lelf of a circle with the gcrle rwining from right to left or if it was designed as
.0 lcwer half of a circle, with thc seale running from left to right. Reversal error
freguencies for the two designs were not significantly different, but the difference
vac once more in the direction o fewer reversals for the left to right soale.

Table V brincs together the results of the present stuly snd the two Christensen
papers as regards the effect of scale direction on reversal errors.* ihereas the
aviden-e for the effect of dovmward acale direoticn is inconsistemt, that for the
sitect of right to leit scele direction is completely consistent as iniicated in the
foreroing discussion.

*The reversal data citea by Zapnauf and Smith (1950a) are omitted from this table both
because of the small number of errors involved and because most of them were of am-
biruous origin and would have been classified differently had the present "probability
method of oaterorizing errors been used. In regard to error classification, it should
be mentioned that Christensen's records contained some twenty times more raversal
errors then £10 units errors (unquestionably a function of the reading task) and so
ambiruous errors in this case were classed as reversals.
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TABLE V
SUIMARY OF DATA ON REVERSAL ERRGRS A5 A FUNCTION OF SCALY DIRECTIQN

Number of Observed Number of Observed
Reversals within <. ale Reversals at Zero on
Wthen numbered mark is No-Break Dials
in T in Where Socale
Left-to-Right Right-to-Left Starts to Starts to
Region ' Region Right Left
Christensen study of
Navigator “lotter (1546) 33 ag
Christensen Clockwise )
Dials (1948) 17 P26 7 51

Christensen Counter-
A ’ et " o & y ﬁi Zi ]ag

Present Study-Clcokwise
Dials (Groups I, III) 35 62 21 37

Number of Obéerved
Reversals within Scale
when numbered mark is

in in
Upward Going Dow-ward Going

Region Region
Christensen Clockwise
Dials (1948) 16 27
Christensen Counter-
Clockwise Dials (1948) 56 83
Present Study-Clockwise ‘ b
Diais (Groups I, III) 61 .31

The Number Location Problem

An effect of practical significance due to number location was observed for the

#10 units errors made by hizh school sub’ects. Errors of this type were roughly half.

as frequent for these subjects when the scale numbers were outside than when they were
inside (see Table I). The effect of this difference in /lO's errors was to cut the
total number of gross errars fo¥ the high school subjects during the three day test
by 257 on the numbers outside dials as compared with the numbers inside dials. Day
by day the group made fewer gross errors, but each day the #10 units errors came to
account for a greater proportiot of the gruss errcrs made. In view of the fact that
the present test situation used slender dial pointers and involved pointer settings
at exact units values on tne scale, all number reading difficulties which normally
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oocur when the pointer overlaps ocertain inside numbers were completely avoided. Thus,
the error saving here reperted for the numbers outzide 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-
tiocal width, and set at a random series of scale values. '

Use of the numbers outside design, incidentally, would entail a 3% inorease in
reading time to judge from the present data, and an increasg in the frequency of in-
terpolation errors which mey be predicted for particular scales on the basis of the
Gute of Grether amd williams (1947 or )9549) or Kappauf and Smith {(1250b),

1

X. CONCLUSIONS

If there is nsed for a simple dial numbered every 10 unit¢ which will “e used
vo cbtein quantitative resdings at any and all valuss throughout the scale, gross
with the zero located near the bottom of the dial, and with thd coale numbers and
craduation merks arranzed outside the scele circunference.

If there iz nsed for 4 dial nunbered every 10 units which ®ill be used prine-
zipaily for eritical cuantitetive reacings within some limited portion of its eriire
zxtent, the cccurrence of gross errors among these readings-will be mirimized if the
dial is designed s that th2 seals proceeds from left to right through the critiocal
~anion {bo reduce reversul etrors) end i{ the scale units or reference rero are so
chogsen or menipuleted that oritical rcadings are not required in the numerical region
O to 9 {to reduca X10 units srrors).

Boch the arror of £10C upits and the roversal error are associated with the ten~
ercy of soale readers to consult Hhe scele number which is nearest to the pointer
22l then add the valus of an cbserved pointer devietion to the number which has been
@8 e
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APPENDIX
DETAILS OF STATISTICAL ANALYSIS -

Apalysis of flo Units Errors

The analysis of the £10 unite errors is summarized in Table A. Part 2 of this
teble 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 interactione 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 X Number Location compon-
ent and may be tested against the pooled error. The resulting F ratio of 41.6 is highly
siguificant, indicating a real difference in the rate of making+l0 units errors for
Groups I/II ve. III vhen averaged over the two conditions 'of number location. The other
prinary effects when tested against the appropriate significent interactions are not
themselves significant.

More meaniugful, 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-
8is yields a remsinder mean square which may be used to conduct "t" tests of the differ-
ence between the rov means and vetween 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 thils LSD, it is clear that dials with zero at the bottom and having a
scale break are (for the groups and number locations used), significantly better than the
other three combinations which themseives are all much alike. Similarly, among the row
means, it is clear that a distinctly inferior combination is Group III reading dials with
usbers irside (a conclusion whiich applies generally, as well as to the case of the break
or no-breek 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.

Aralysis of Reversal Errors at Zero

The very occurrence of these errors on no-break dials is, of course, a sufficient
2 -gument 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
fevwer reversal errors at zero are made by Group I£II than Group. III, and by either group
when the zero is located at ths top of the dial.

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

This snalysies 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 eignificant at the %% level for
the break dials considered alone. The data for reversal errcrs at zero in Table B and
the discussion of reversal errors in the text lead one to expect an effect of zero loca-
tion on reversal errors within scale. This gives one confidence in the present result
for break dials even though & comparably significant effect is not observed for the no-
break dials.

Ainalysis 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 obaerved for the #10 units errors: uroups 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 cials alone.

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

USAF-TR-6366 =22=

onme




—— e ——
|
TABLE A
|
ANALYSIS OF +10 UNITS ERRORS
1. Table of Transformed Data,
Disls with  Dials with Dials with Dials with
Zero at Top Zero at Bot, Zero at Top Zero Bottom
No 8B No SB ) Seale Break Soale Break
Subject Group I+I1 11X I+11 11t I+11 11X I+11 111
Number Subjects 29 17 29 17 29 17 29 17
No. Read/dial type 2900 2150 2900 2150 2900 2160 2800 2150
Dials with Nose Ine 57 116 57 121 80 10« 44 8
Dials with Nos, Out, n 88 80 88 68 70 “ 66
3¢ Summary of Initial Over-all Analysis. :
Source cof Mean 83, (v Sum Mean  F ratio (using
Variance defe of Squares) dofe Squsre pooled error)
Groups 1 3393 41,6**
Zero Loc, l 281
No. Loc,e 1 452
Socale Bresk 1 948
6r x ZL 1 60 .
Gr x WL 1 1073 13,2*
Gr x 8B 1 233 :
ZLx ML 1 1]
ZL x 8B 1 $88 T.2* .
WL x 8B 1 95
@r x 2L x NL -1 10,6
Gr x 2L x 8B 1 85,6 5 81.6
Gr x NL x 8B 1 248 ¢
ZL x WL x SB 1 45,6
Remainder 1 18,1
8¢ Table for Follow-up Anslysis.
Zero Top Zero Bot. Means for Zero Zero Means for Means for *
¥o 3B ¥o.8B No Br Dials Top 8B Bot. SB Br Disls sll Dials
I+11, Nos. In. 57 87 ( 67.0) 80 “ (62.0) 6946
I+11, Nos, Out, n 80 ( 76.8) ] “ (65,0) 85,2
I11, ¥os. In. 116 121 (118,0) 102 82 (92,0) 106,0
111, Nose Out, a8 a8 ( 88,0) 70 68 (68.0) 78,0
Means 82,8 88,8 79.8 59,0
€« Summary of Followeup Analysis,

Source of Sum of Mean
Yariance Squares do.f. 8quare F Ratio

59 level
Group and N,L, 4917,2 3 1639,1 17.1%** 1% level
ZL and 3B 181442 s 604,7 6.,3° +020,1% level
Remainder 863.5 8 95,9

st“ for row or col. means of 4 en' :ies = 15,7
L8Dgg for row mesns based on 2 entries = 22,2
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B ' TABLE B

1. Table of Transformed Data.

Dials with
Zero at Top,
No Soale dreak

subject Group 1411 11
Number Subjects 29 17
No. Read dial Type 2000 2150
Diels with Yos. Inside 54 a3
Dials with Nos. Outside 39 83

2., summary of Analysis.

source of lean Sqe (w Sum
Variance d.f. of Squares)
Groups 1l 450

Zero Loo. 1 840

Kumber Loc. 1 32

df x 2L 1l 4.5

tr x NL 1 2

2L x NL 1l 24.5
Remainder 1l 84,5

s exceeds 6% significance level
os exceeds 1X significance level
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ANALYSIS OF REVERSAL “RRORS AT 22RO

}

Dials with
Zero at Buttom,
No Soale Break

1411 111
29 17
2000 2150
66 85

n »

Mean F ratio (Using
d.f. Square pooled error)

16.6¢
20.1%¢
1.




o TABLE C
ANALYSIS OF REVERSAL ERRORS WITHIN SCALE

4 le Table of Transformed Data. _,

f Dials with  Dials with  Dials with  Dials with
Zero at Top Zero at Bot. Zero at Top Zero Bottom
‘ Yo sB No 4B Soale Break  Soale Break

. Subjeot Group I/11 111 /11 111 If11  II1 /11 111
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 4 B 57 59 47 51

Dials with Nos. Out. 39 56 64 73 60 66 57 46

i |

2, Summary of Over-all Analysis

Source of Mean sq. (= Sum - Mean Square
Variance d.f. of Squarass d.t, '
Groups ) 100
Zero Loc. 1l 110
¥o. Loo. l 9
. Sodle Break 1l 0.25 ' No Significent
Gr x ZL l 0.25 : . F Ratios
Gr x NL 1l 256
. Gr x 5B l 90
2L x NL 1 240
ZL x 8B 1l 100
NL x BB 1l 20
Gr x ZL x NL ) | 42
Gr x ZL x SB 1l 49
Gr x NL x SB h | 110 5 107
ZL x NL x 8B 1 324
Remainder l 9
»
3. Summary of Analysis for 4, Summery of Analysis for
Scale Break Dials . No Break Dials
defe Mean defe Mean F de.f Mean
Sq. 8q. Ratio Sqe
Groups 1l 0.12 . 1 190
Zero Loo. 1 210 9,1 1 0.12
No. Loc. 1l 28 1 1l
Gr x 2L 1 28 1 21 No Signific ant
Gr x NL l 156 4 23 1 120 F Ratios
ZL x NL 1 $ 3 . 561
Remainder 1 46 1l ]
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TABLE D
ANAL.SIS OF "RsMAINING GROSS LRRORS"™

» 1. Table of Transformed Data

: Dials with Dials with Diels with

Dials wii
Zero at Top Zero at Dot. , Lero at Top

Zero Bot/®"

¥o $B No SB ; Scale Break Scale Bx-"x

. )
; Subject Group YU uomr ymomy g o
Number subjects 29 17 -] 17 29 17 /29 4
No. Read/dial type 2900 2180 2900 2150 2900 2150 2900 21/°
Dials with Nos. Ix. 64 &5 67 70 . 6 70 6 ©°
Dials with Nos. Out. 47 88 51 88 . 30 @ 57 (5

2. sumary of Over-all Analysis.

36 .

source of Mean S5q. (=3 Mean F Rat
Variance d.f. of ngr”yn d.t. Square po:‘].'o:o.:(g::!)ls
Groups 1 770 11,0
Zero Loo, 1 316 4.5
No. Loc. 1 60 0.9
Soale Break 1 1.6
Gr x 2L 1 €8
or x NL l 60
Gr x SB 1l 3.1 g
ZL x NL 1l 138
ZL x 5B l 96
WL x SB 1l 105 11 70.1
Gr x ZL x NL 1l 0.6
6r x ZL x §B 1l 150
Gr x NL x SB l 60
d ZL x NL x SB 1 5.1
; Remairder 1l 86 .
P4 S« Summary of Analysis for 4. Summary of Analrsis for
-o}: Soale Break Dials No Breek Dials
¥
*e5
ol | defe Mean Sq. d.f. lMean P d.fe  Mean 8g.
J Sq. Ratio
iz 8 Groups 1 338 87s 1l 436
Zero Loc, 1 82 1 378
b No. Loc‘ 1 162 1 Sel :
L 6r x ZL 1 8 1 210 w _Sie-
_ er x NL 1 0 s 3 1 120 n icant
: ZL x NL 1 98 1 46 F Ratios
B Remainder 1 50 1l
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