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ACCURACY MID CERTITUDE IN THE DISCRflvIINATION OF VISUAL ISIUMSER

TEE PROBLEM

The CONMAND SYSTEMS Task is conducting several projects to determine
how accuracy of information assimilation from displays of the type used in
tactical operation centers and the certitude the viewer has about this
accuracy vary jointly and separately as a function of the manipulation of
various in.formation presentation variables.

There is little in the literature bearing directly on this area of
inquiry, although several studies ove r the year s have involve d numerousness
(discrimination of visual nuither ) for tachistoscopically presented stimuli
in which performance data, and. sometimes certitude data , were obtained
(Kauf’man, Lord, Reese , and. Vollcnan, 1949; Minturn and. Reese, 1951; Saltzman
and Garner , 19148; Taves , 194.1). Fields of dots seem to be the most popular
stimuli for such studies; cori~entric circles, numeral s, and. colors have
been used. Generally, the funct ions character izing the relationshIp
between estimated and actual number, between errors in estimated number and
actual number, and. between certitude and actual number have been similar
across studies. However, the major ity of the studIes have not ~nc1udedmeasure s of certitude, and none to the author’s knowledge have directly
compared errors in the judgme:it. of number with certitude about this jud~ ient.

-• ‘ A cormnon finding from these studies seems to be that estimates of
number of things presented. and. certitude plotted as a function of the actual

• number of things presented are in effect discontInuous functions with the
break in continuity occurring between 6 and 8 things presented. Such a
finding has given rise to the postulation of at least two distinct niecha-
r.isms : subitizing (inmiediate apprehensi-xi) and. estimating. A third cate-
gory, counting, Is excluded as a mechanism in such brief exposures.

/
The extent to which reported research can provide insight s into the

processes involved in more complex information extraction and. differing ex-
posure times is not known. Nor is it known whether the same people would
excel in performance under varying conditions or whether the certitude-
performance relationship would generalize across information extraction
tasks. While the determination of this information is not an integral part

• of the C~t~ 4&ND SYSTEMS Task research program, such information could be of
considerable value in understanding the nature of the psychological processes

• involved in extraction or assimilation of information from displays.

A brief exploratory probe was conducted as an aid in deciding whether
more intensive study in this area would produce sufficiently beneficial
results to justify the effort . The study was conducted prior to a non-

• tachistoscopic experiment in which certitude and accuracy of information
assimilation from visual displays as a function of amount of information
presented and removed in slide updating were studied. Since the same sub-

J Jects were used. in the succeeding nontachistoscopic experiment, the present
study related performance across tasks to the extent feasible.
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PURPOSE

The general purpose of this study was a preliminary determination of
the degree to which findings reported in the literature regarding d.iscrimi-
nation of visual number and. the psychological mechanisms related thereto
are sustained for certain variables of interest in Co iand Systems research.
More specifically, the objectives were :

1. to determine , for tachistoscopically presented symbols , how dis-
crlinlnAt ion of visual number and subjective feelings of certitude
about that discrimination are affected by (i) number of symbols
displayed (4. to 22 per slide), (2) exposure time (200 and 500
milliseconds), and (3) order of exposure time (200 ma before

• 500 ma vs 500 as before 200 ma).

2. to detern! ic hou the relatIonshIp of degree of error to certitude
varies as a fun c~ Ion of variations in amount (number of symbols),
exposure time, and. order of exposure time.

3. to compare findings of the above analysIs for tachistoscopic
presentations with fIndings for nontachistoscopic presentations
using the same subject.

MSTHOD

~ C~~Rfl’~~~AL DESIGN

Independent variables investigated in the present study were total
number of symbols in the sli~ie (amount), duration of exposure of the slide
(exposure t ime) ,  and order of presentatIon at two exposure times ( order).

Nine amount levels__Y~, 5, 6, 7, 8, 10, 14., 18, and 22 elements per
slide --were randomly presented. In order A , the nine slides were presented
at 500 as duration of exposure followed by the same nine slides in different
order and orientation (upside down) at 200 ma duration. In order B, the
subjects were shown the slides at 500 ma first. Subjects were randc*nly
divided into two order groups c~ .~h of which received all possible cc*nbina-
tions of amount and exposure times.

SUBJECTS

Subjects were 32 male college graduates having normal or corrected
normal vision. These subject criterIa are consistent with the character-
istics typical of Army officers operating in a Tactical Operations Center.
Since the study did not deal with stimulus material that required military
sophistication and the variables were primarily perceptual, subjects were
chosen from professiona? and technical personnel at USAPRO. In future
studies in this series as military material is included in the stimulus
continuum, military su j ects will be included in the sample.
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STD1ULUS MATERIAL

The slides used. as stimulus material were 35-an negative transparen-
cies containing a number of identical flag symbols which appeared as white-
line drawings on a dark background ( f~~ 

). The symbcl is one coumionly used
to identify infantry units on military maps .

A 130-cell grid was used. to randomly determine the location of the flag
symbols for each amount level. Obvious and. meanin~~ul patterns were avoided.
The symbols when projected on the screen were approx imately 2-1/3 x 1-3/8
inches. To control at least in part for “location ” effects (any facility
or difficulty in the task due to the location of the symbols in the slide),
each slide was systematically presented. at one time right side up and at the
next, upside down. This procedure was accomplished without loss in symbol
reco~~iition , since the symbols are preceptually the same when subjected to
reorientation. The various orientations which allowed the symbols to appear
in different areas of the slide increased the economy of slide production
and. the generalization value of the findings .

The slide projector used had a 300-watt lamp with a 3” wide-angle lens.
The slides with projected. image area 4.’ x 6’ were rear projected on a
6’ x 8’ screen which was bisected vertically and horizontally by crosshairs .
The subject ’ s work area was illuminated by an indirect overhead lamp, rheo-
statically adjusted to insure enough light to read the response sheet , to
reduce the possibility of after-images, and. yet not interfere with the
presented image . Based on MacBeth Illuminometer readings, the level of
illumination on the work surface was 1.5 foot candles. The average luminance
value of the indicated symbols on the screen was .4. foot lainbert. These
levels were maintained across all subjects and all conditions.

EXPERfl~~ 1!AL PROCEDURES

The 32 subjects were rand.anj.y divided into eight groups of four sub-
• jects each. The four subjects in each group were seated 15 feet from the

viewing screen, and slide material was presented simultaneously to all
four . This procedure permitted group data collection and provided some
simulation of group display practices in a Tactical Operations Center.

All subjects were given the foll8wing instructions regarding the task:

• “In this first part of today’s session, you will be shown a
series of slides, one at a time. Each slide will be flashed on
the screen for only a moment--actually less than 1 second. You
are to watch the screen as closely as possible in order to d.e-
termine how many flag symbols are shown on a particular slide.
While waiting for a slide to appear, you should focus your atten-
tion at the intersection of’ crosahairs on the screen. The center
of each slide shown will be at that point. After a slide has been
presented, you are to write on your answer sheet the number of
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flag symbols you think were on the slide. Then make a check
mark in one of the five scale rectangles on your answer sheet to
show how certain or uncertain you feel about the correctness of
your answer. Whe r. yo~ are finished, turn the page to the next
answer sheet and wait until the experimenter announces “next
jUde” . Again focus your attention on the center of the screen

• until the next slide appears, after which you fill out the
an..r.:er sheet for 3lide nu.~~er 2 and then prepare for another
slide . This proo~ dure will be followed until you have viewed
~ total of 13 .:liles , and filled out 13 answer sheets. I will
now present a sample slide to gIve you a better idea of your
task. If you have any questions , please raise your hand.”

After the instructIons were read (subjects also had. a printed copy of
the ir~.structIons before them tc~ refer to) ,  a practice trial was given and
subjects had an oppor~unity to a3k a~estions. When the subjects appeared
to have adequately understood the instructions , the test session began .
The testing sCsGion u.~rsi~ted of the presentation of 18 slides. Hall’ the
su~ojeo ts received 9 sf1 , one at eac~h amount level, at 500 ma ( order A)
followed by the same 9 slide s, presented upside down , at 200 ma. The re-
maining 16 subjects roceivud. the first 9 slIde s at 200 ma followed by the
same slides upside down nt 500 no ( orde r B) .  The sequence of presentation
of the slide material was Ie~er4e:~~ly rarid.~~ized for each of the groups .
The f Ive—category scale was similar to that reportedly used by previous
experimenters ( au.fr1an et al , 194.9; Taves , 194.1). It was end-anchored
only with “absolutely un r~aiu” on the lef t end and “absolutely certain”
on the right . Total elapsed time fo~ each test session was approximately
15 minutes.

STATISTICAL ANALYSIS

Measures of depe~tuc~it variables obtained were :

1. Error Score. The re1nt~ve error score took into account the
absolute differenco b~twoea the subject ’s estimate of the number of symbols
in a slide and the actual number of symbols presented in the slide , accord-
ing to the formula :

True number - estimated numberError Score = X 100True Number

2. Est imated number of symbols.

3. Certitude. Ordinal score (1 - 5) on the certitude scale .

The error scores were used. as the basic data for the analysis of
variance . The data collected from the five -point scale on how certain or
uncertain the subjects felt about the correctness of the answer were simi-
larly analyzed. In addition , the degree of relation between certitude and
error score was estimated by correl:tional analysis .
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RESULTS

The distribution of error scores was f ound. to be positively skewed,
and logarithmic transformation was perf ormed to normalize the distribution.
Result s of the analysis of variance on the transformed error scores are
pre sented in Tab le 1. Significant differences in performance were associ-
ated with amount of symbols presente d and exposure time . Neither order
effects nor any of the interaction effects were found. to be significant .

Table 1

ANALYSIS OF VAR I)~NCE F(~ ERROR SC(~ ES (mANsFoI~M~D)

~~an
Source of Variation d.f. Square F P

Order of presentation (0) 1 1.33 .99 N.S.

Btw S’ s with in order S (o) 30 1.35

Exposure Time C T) 1 2.53 11.00 .01

T x O  1 .07 .30 N.S.

T x S ( 0 )  30 .23

amount (Number of symbols) (A) 8 8.01 28.61 .01

A x O  8 .23 .82 N.S.

A x S ( 0 )  214.0 .28

A x T  8 •1~.]. 1.14.6 N.S.

A x T x O 8 .19 .68 N.S.

A x T x S ( 0 )  214.0 .28 . - .
_________ 

u: -~r
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~~ow~r (NU ~~ER OF SY~~oIS ) ~~~

The -ure of the stat~~c1
~.

4 cr L1ly :;~ gniffaot differences associated with
::unber of symbols c~-e Li~ e is depicted ta Fi~u.re 1 where mean error score
.s i lotte i for  each aracun-;- lard for the. tw o exposure times. Except for
Jeeningly •t naupros:-i.at iy  xiouh e~~ror s ;cres for 6 and. 7 symbols i~ the 200 ma

antu.oa . ir:crease i u ’ ~i L  aauioot prodocea au increase in error score .
The apoarent dIe coat L:t~ o~.r t~io ;irve at- the 6- and the 7-symbol amount s

~uas t~ tetsrr .~p:, en . rvioe p ~.: Itive relationship between number of
-: .I -arr ur s-cc:~e. E r r c r score a~. bo~.h 6 and ~ is greater tban at 8;

and a~ 7 is af c st  as ~~~~~ a: a~. 10. When the 6- and 7-symbol slides were
exan!ae s cls:ei.y, the . rrah sLs appeared reore •/~deiy separated than in other
sl ides i~ the :-~~r 1es. Jc~ a~ a / t . r- e d o  a:~~e of the symbols from fixatIon
esoot ( c e ~~~~r of .~li:- - ; as a cLc rar soon  soore . the 7-symbol slide was found

have a:: a~r - -o~ a .1 -c r e l -sa  :.ac-r~~~~~~ 5ulv 1-1/2 tines greater than in the
3-c~nes o1 st se . a l. aL :~er -

~~ . :‘p~ r :ior~ t-ean for ar~y of the other slides except
the ld --:~~hal elide . Li’- .e- -. :~ e , ~.te 6- s~~~ cl slide had greater dispersion
~~-~~~~~~u- -~ , ‘ci ~-h ’c -‘c’c~~~r ~~~~~~~~~~~~~~~ the ?— and 12--s’nthol slIde . Thi~ dim-
:~c r .1c :. . La-:r saso.~ the p:- T~ aP:~ ’ctv ‘cf c f  f - c  slide being sub~e:t to
~‘ ) . - 5 5 O L  o~ :±o~. . F~.-za~- T .- sr- t L’ie cr t~:’.e of see-sadie movement between two

~cas lee~. f : c- -~ 1:: ..~~~. ~-‘c~ e 175 no Woodworth and. Sehlcsberg , 1956,
:-

~-~~~ ~~-2’ . T . :- s t a a , h i - 202 nc s :~1o r ,;~~there was time for only one
a:.~ ar., i a t  . a~7 . -~ :- ~~ s .  a~1 ~~: ~. -s fo’real image ‘~ould remain

p~ r .er .~l a:. i t h~.~ r :c- 0 fisaiT- t :  ~~~.. The poor ~~rfo~~an.ce in the
7-s y e i - c L  •slf .thcs c. .al-l th’c ~~~~ a ~ . c - :- .ic’c if this circumstance. If so,
i :r ~ ‘O c i i i : . -ea (~i .~--~r~ a~os  for two fixations ) would not have

as rub  u r  
~~

.. ;.:~a+ ec r- .si . da-:~~-rs1on . An examination of Figure 1
s r c rth t ’aL . h e~p o ; s  ~e .  and tO o: t~~ d: cc orcrirm that the rather inconsist-
• : -e . l .y h rc . E~~:~-’cr -

. cr -s . -e ,-i reciy “ c~~c hear a funct ion of an unfortunate
c c a ~~ e cf  •~~I-ie t-~ r -:- - • a r : .  the ~ --~ ;-‘rfc :d a~caoth . Though less pronounced ,
the thr a~~~ r -

~~~ - -uc  .c~; •e? ssrTh~ Je th-ri at- 13 may be attributable to
:‘c.r~y.- r- ’.:c cli’ r :-7s: .  a~hir~ between amr~u.rt  and error score ,

as tce sr~-~ r of sj r : :ie  po~ s1~~b’ cr~:esed , error score tended to increase ,
:r cn capr ay ~ra4.e1y ~- - - . sC~ -c~-rnr  at 4. ubchs to 25-30% error at 22 symbols .

~ r ecc- ’ct s o~a~ •-~ciia.o eeusher ci symbols estimated by the 32
sub ,~ect: (se parately f i r  each ~-oposure time ) for each symbol amount presented.
The dotted line represents the actual number of symbols presented. When 4.
symbols were preserited~ a subjects reported correctly; however , f rom 5
symbol: on , subj ects overes~- imated, At ahout 18 symbols, estimates started
setting lower u~-Ycfl at 22 srnholc (for 500 m a )  the median estimate was close
to the. true amow-’.t. At 22 symbols at 200 xnz exposure time, the median
estimn4-.e was even lower and , in fact , represented an underestimate of the
true symbol amount . Previcue studies u-sing dot s as stimulus material
(Kaufman et al, 194.9; ~~L~-taer  aud Reese : 1951; Taves, 194.1) showed similar
functions when media.r. estimated number was plotted against presented number,
except. that estinates were more accurate and generally lower than in the
present study . In the Fhufr~ar. study , using dots as the stimuli, up to 5
were reported correctly, from 6 to 9 dots the reports were overestimates,
and above 10 dot s the reports ~er-a ur.deres-t tnates. Although visual angle
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was not s tated t h :  ~~- c ~~snr ~l) i~~) .: thcc - , It was possIble to estimate
ft- -co ~~~&ttoo~~ Ivi a ah .- a ro~ i~~~te raa~ e of visual angles subtended. by
3t.~~ ’c~~us m atn r : a l s.  ‘1n~~~ ~- ccyua ~r -c~c 2 ° wIth the lower numbers of dots to
appr:x tsaately 10° wit : . the ~~tr~p:r o anh-er a . ‘Ifs-c visual angle subtended by
t h e  vi a - sal ~~~~~ in the ~~5:  :‘c~~~ - st - i cy  wa-s coociacrab ly larger (22 °) ;  there -
f-e ra , it was ::ot c~ -u - he the present task to be more diffi-

-~1it. Povovar , t’~~ .as~ ~~~: .ty  c-f the fi t -d ings  in spite of the stiia :lus
s i f fecences  i.~ :~~~~~~~~~~~~ . i~ t IaCi ty  a c  a f so  reflected. in percent
er a - f  :ata ; or: ~re-.- i u a 1  s-t~~iiao  ~~~~~~~ and Reese , 1951; Tave: , i~ L~l; and
Ka sf:eu:- et &i~ i~~~}) a : : :  If ~ar ’c cC .~t idy , error increased in re-sch the
sane icr-er as a f ioc t a ‘ a  to :  irerea:  an u~eount presented.

A: :~~ with  this L - 5 z s :  he .rc - : - . -a , Taves (194.1), M±rtero m c .  Peece (1951),
~i:~~~ t~~~O et al (1i~ p ) c o c a  - n -r-case in variability of response with

- a - a c e  ia: acss’ r- c ar es :he-a - . a c-hel nhlitary :; afo’cIf ; were seed in
- eat other  a a -  - , a the a-c ;l .~~: :thei’ci, a similarity c-he:to is:

o h ;  a -h e t c o r i- -hip b s-:-e:-. c:: .eae L~~~ es jwateci :uuobc r of symbols and
°~~~~~~~-~~~~~~ - Or . tf~~. f i J -e h e  c- say cod it -  curlier stodie: nent ioned

. Y l n ~:o ) :a~~~~. - o : it  - -a:ehej ~~ tp- i:icr auoed slowly at to ap~ r-ox imately
-~~ a~ i ~~~~~~~~ e h e r  ~~O t~eo1., ~~~~ tynic~~ o previoub

t:~~- ~~~~~~ . ; :c t.s later took part in an exper~~sent in
a t  they wer e t o  a - a c h e  me m a p - -ct icf the perceptual organization, of the
: ;cr’ cymo~~le o :a ~ to to -:: - r e . ’oot st :dy . The. :ynbcls were presuotc ed . for

a r e  c.  A nore -3 ’t  a l ed  ~- car -mnt  - af the eac tacriatent can be foun d in R ingel
~lpE~ ;. T s  - c l i i  ~~~oar.r e  per~ 1tteai comparison of performance

by a-he :s o d a j e c t o  Li ~- :- s e  -r:aptual tas~ s , two tachistoscopic and one
oontash i .thscc .p i s .  . i j - s , a m~. c ! c r~~ik order correlation based on error scores
wa:; cal-c-slated iwean ;-~oi~ na~: at the two exp osure t imes in the tachisto-

~t s i y  a nd. t a  etc. - ‘cost of ~-th -ee  a-~~~n~ s and, the ranking of the same
cs 4 a’c noc--:,e sl- t- - .-, - c r~~ task . For performance at 200 ma , carrela-

t- :-:~~ heowoeti the to- i c r - : : ri-e ant the roactachistoscopic tasks was r .31;
at ~uO ins , it was r = . - ~~~. I - sick eorre lat !cn coefficient s were rather low
con: odcr:ecg th e  stra . ’cs o.f y .

‘
.‘: ot r-siuo material and ambient conditions . The

probability of predicting relatIve- success from one task to the other is low
enough to introduce considerable caution in generaliz 4 ng f rom the results of
a t .achistoscopic study to Orì ’: where more t ime is allow ’ d to view the stimulus
materials. The rank order correlatIon coefficient between tachistoscopic
tasks at 500 and 200 xn.s was .78---aga in rather low for tasks with the same
stimulus material , the sane amble-ni conditIons and, in this case, the same
task.

EXPOSURE TTh~ AWl) PERFORMANCE

Significant differe oces were found for the effects of exposure time on
error score. Higher per-cant error (Figure 1) and greater variability in
estimated number of symbols (Figure 3) associated with the 200 ma condition
than with the 500 ma condition were found and , as mentioned above , correla-
tion between performance at t,he two tirrLe conditions was not as high as
expected.
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One possible explanat ion for the differences in error score at the two
exposure t imes irs the same as that advanced earlier to explain irregularity
in the error score curve . Approximately 200 ma is the average reaction time
0± the eyes in shifting from one fixation point to another. Therefore , with
time for only one fixation , there can be only one “act of attention ” and
serial counting cannot occur . The 500 ma exposure allows for two fixations ,
more of the slide area may be exposed to foveal vision, and some form of
counting may begin. As shown in Figure 1, the percent error score was con-
siderably ~~eater at 200 ma than at 500 ma for up to approximately 7 syxn-
bol.~. Beyond. 7 sy ibols,, the task was difficult enough so that two fixa-
tions did not enhance the performance at 500 ma with any consistency.
Although at the 18- and 22-symbol level, a more realistic estimate of the
number of symbols was made at the longer exposure time, the difference was
relatively small in terms of total error . In the present ta sk, the visual
angle was approx imately 22 ° . The present analysis led to the hypothesis
that the differences between 200 ma and 500 ma would not occur if the
visual angle of the display were 2 ° or less, which would allow for foveal
vision so that no more than one fixation would be needed. The test of this
hypothesis awaits an experiment where visual angle and. exposure time are
varied and discrimination accuracy measured for all possible combinations .

EXPOSURE Tfl~ ORDER AM) PERFORMANCE

There were no significant differences as a function of order of ex-
posure time (Table 1).

Allowing the subjects to respond to the stimuli at the 500 ma exposure
first did not affect error score any differently than allowing them to re-
spond first at 200 ma. PractIce effects were therefore virtually nonexi stent
for the discrimination of visual number in the present tachistoscopic task.

CERTIT’L~E AND ~~~~fl~OUSI’~ESS

A three-way analysis of variance with amount , exposure time, and order
of exposure time as the treatment classifications and cert itude as the
dependent variable was performed on the data. Ordinal values of 1 to 5,
“absolutely uncertain” to “absolutely certain”, were used. in the analysis
since the data could not be fitted to the successive category scaling model,
thus precludi ng a determination of scale values for the intervals. The
sunmiary of the analysis of variance shown in Table 2 reveals order of ex-
posure t ime as the only main effect which was not statistical ly significant .
In addition to the significant amount and. exposure time effects , there was
one significant interaction, amount x time . The nature and magnitude of
these effects are more easily discernible in Figure Ii .

-11 -
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Table 2

ANALYSIS OF VARIANCE FOR CERTfl’IJDE JUDG~~NTS

Source of Variat ion d .f.  Square F P

a Order of presentation (0) 1 6.1i.6 .96 N.S.

• Btw -5ubjects in order S (0) 6.76

Exposure Time (T) 1 io.81i~ 12.81 .01

J~ x O  1 .50 .59 N.S.

T x S ( O )  30

Amount (Number of s~,’mbols ) (A) 8 61,~..145 97.16 .01

A x 0 8 .23 .314 N.E.

A x S ( O )  21+0 .66

A x T 8 i.o~ !i..01+ .01

A x T ~ o 8 .1+2 1.61 N.S.

~~ A x T x S ( O )  21+0 .26

TOTAL 575
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The shape of the function for mean certitude at 200 ma and. 500 ma ex-
posure times are very similar . As expected , for each exposure time, subjects
were most certain of their responses when the number of symbols on the slide
was smallest and their certItude decreased at a nearly constant rate up to
7 symbols. Then, curIous1y~, certitude did not decline from 7 to 8 symbols
at 500 ma exposure and actua lly increased at 200 ma. More about this later.
From 7 through 18 symbols, certitude continued to decline but at a decreas-
ing rate. There was no further declIne fr om 18 to 22 symbols at 200 ma;
however, at 500 ma , certitude was still gradually declining at 22 symbols.
For all amounts starting at ~, subjects were more certain at the 500 ma ex-
posure than at 200 m~a. However, differences in certitude between the two
exposure times became progressively smaller until at 18 there was no differ-
ence and at 22 more certa inty was expressed for the shorter exposure time.
Plotting medians instead of means (Figure 5 ) to reduce the effect of ex-
treme scores did not change the shape of the function to any appreciable
degree . except that cr i ~. .:i~~ic:a c± the 200 ma and 500 ma exposure times
occurred at both 114. and ]~3 ‘a~bo1a .

Amount ~~ r time i:at:- Zra~; ok-’. appear.~ to have oc~urred mainly at the 18-
and 22--symbol condItia,:::. This finding irs not explainable by performance,
si:tce at the 22-•s~~~~ol c o:acIit~~ n : there was a higher percentage of error
for the 200 ma exposir~”~ -:;:~~~~ ±‘-

~~~ the 500 ma-. A possible explanation, based
on the tendency for t.~xe- ;-~r~- ‘i itud~ functions to converge ; IS th5.t beyond
a given number of s~c~Qso~ rs th4~ tanh ~O±’ ~- -3t i rsatiOfl Ir~ so difficult that the
small he~~~f t ~ s at~;r!b~~’;~ o1a to -i~.±’f~rc~:ce in exposure time are not reflected
in c’)rJ’icie’n :e . Beyo~ d t~~ t s-otr~ one ex~ osure would not produce consistently

~reat ’~r co if i~ie:~.ee dc: c~h~

The general shap.: ot’ ~;he ±‘Lu’.~~tions for the 8- through 22-symbol con-
ditions shown in Figure 5 f~ir cc~ h 200 z’i.’ and 500 ma is s imilar to result s
reported in the 1Iteratuo’ -~ (Tav-~~,, 191+].: Kaufman et al, 191+9). Below 8
syial~ols , however - findi:.c~~.-. ±‘r~ni the APiW stud,-j  are less consi~tent with
pr~c’ricus f ind.tngs . ~ a:i~ l~ ; exe~imer~-’~ rs have found that median cert±-
tude hovers at or near’ ~~ e ia .pp er lin~t (absolutely certain) up to about 5
stimul-’~.. From th~ 5-~at inul~. lovel to the 6-stimuli level, certItude then
drops off sharply in ruu~L: th~ sane manner as from the 3- to 1+-stimuli level
In the present experiment . This discontinuity of functIon has gIven rise
to the postulation of two separate mechanIsms , one covering perception of
numerousness and associated, certitude up to about 5 stimuli and the other
numerousness and associated certitude beyond 5 stimuli. If a discont inuity
of function para llel to that previously found is to be extracted from the
present data , it will have to be vIa extrapolation. Such an estimate would
place the point of discontinuity at about 3 symbols for the 500 ma exposure
and at about 2 symbols for the 200 ma exposures , thereby tending to confirm
the notion of two perceptual mechanisms but indicating that the disconti-
nuity demarcat ing the change fro m one mechanism to the other can occur at
other than ~ or 6 stimuli depending on the conditions imposed. Since the
certitude functions pretty much couformed to the shapes of the error func-
tion s, the probable reason for the disparity in locat ion of the disconti-
nuity between APRO findings and results of previous certitude studies is
f ound in the explanation adduced f or the disparity in error of estimate
functions.
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While Figures 11. and 5 seer to offer evidenc e of another discont inuity
at about the 7-symbol level, the irregularity is unlike any discontinuity
found in prevIous studies. That it is really a discontinuity is dou.)tfuJ.
since if the 7-symbol condition were omitted, the total function from 1+
through 22 symbols would, be relatively smooth and continuous. Agair., the
probable reason for thin seeming discontinuity is the similar apparent dis-
continuity in the error score, reason f or which has been exposited. The
rsame reason probably accounts for the inflection between 18 and 22 symbols.

~~RTITUDB AJ~1]) ERROR SCORE

The general conformity of the certitude function to the error score
function may belie the relationship between the individual t s perception of
number and his certitude about the accuracy o±~ his perception in terms of
the product moment correlation . Based on 288 observations (9 for each of
32 subjects),  the ccrreln-~ion o~ efr :Loient obtained between certitude and
error score was - .30 a-; the 300 ma exoosure , and. - .35 for the sane number
si ob$ervatlons at 200 a: exposure , indicating that as error increased ,
certitude decreased,. Ye~ ~-i he:: the between people effects (tenaency for
correlation to be !~~~ atud or depressed because of individual differences)
were par-tialed out of these ic-irrelatlon coefficients, that portion of the
correla~;ion attributable to wi :v’a people effects produced an r of -.88 for
the 500 ma exposure a:ol an. r of - .58 for -the 200 ma exposure. Apparently,
shorter t5ne exoosure ~~~ :rscre~ :f an effect on a man ’s perception ci’ his
perfornance than it had, on ~~ arstual scrirorinance.

~‘ ithin the ~~~~~~ st~~~-, a good range of diff iculty was represented
by the conditions inpose~,: numerousness levels covered the most critical
range, ju dging from previours studies and fr ~~ the numbers of symbols that
might be displayed siunlt~ncously in an operations center. In addition,
the performance ‘•::e:~’ti,tude ±‘recjuency distributions at 200 ma exposure time
were quite similar ts these at 500 ma . It would, thus appear reasonable to
conclude that the degree c-f relationship between performance and confidence
in that performance can vary consIderably depending upon the conditions
imposed (~oo ma vs 200 ma) .  There also appears to be considerable varia-
tion across subjects in the certit ude they assi~~i to a given performance
level, ju dging by the maguitude of the increase in correlation when between
people effects were removed.

No direct treatment of the certitude -performance relationship was found
in reported research in which discrimination of visual number and certitude 

-

measures were taken. However , the study which followed the present one did
involve such comparisons (Andrews and Ringel, 1961+). The task was different
and stimuli were not presented tachistoscopical ly, but since both studies
involve d extraction of information fr om displays and subjective feelings of
certit ude about the accurac y 0±’ the extraction, the similarities and dis-
similarities in the f indings are of interest.

- 16 - 
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Corre1at io~ of r = ..,55 between error and certitude was obta ined for
the within person effects in the Andrews and Ringel study compared to
r = -.88 and r = -.58 obtained in the present study. The between person
effects obtained were r = .50 (Andrews and R ingel) and r = .18 and r -.22
(present study). The contrasting results seem to indicate that people
differences can vary widely depending on the nature of the task and dif±’i-
culty levels within a task.

The relationship can be looked at another way . At the 500 ins ex-
posure, there were 60 “absolutely certain” responses, of which 78% were, in
fact, correct. There were 109 correct responses, only 11-3% of which received
the “absolutely certain” response. At the 200 ma exposure , there were 32

‘T absolutely certain ” responses , of which 59% were actually correct, and 86
correct responses , only 22% of which received the “absolutely certain”
response. These figures indicate greater probability that a man will be
right in his estimate when he says he is “absolutely certain” than there
is that he will say he is “absolutely certain” when, in fact , he is right.
This is logical since on many occasions a man knows his answer is only an
approximation , albeit a close approximation, and thus is not absolutely
certain though in fact he may be right . So, too, with outright guesses.
The relationship described above holds for both the 200 ma and 500 em ex-
posures , thoug h a sian is more likely to be wrong when he says “absolutely
certain” and less likely to say “absolutely certain ” when he is right at
the 200 ma exposure than at the 500 ma.

Addressing the question whethe r individuals tend to have a pattern of
certitude consistently higher or lower than other individuals irrespective
of their actual performance on the task , Spear man rank order correlations
based on mean certitude rank for the 200 ma exposure , the 500 ma exposure ,
and the nontachistoscopic presentation were computed. The results are as
follows:

r200 ma 500 ma =

ma = .511.

r500 ma i~’r. 
= .31

Only the last of these is not si~ iificant at the .05 level. As would
be expected, highest correlation was between the two tachistoscopic tasks.
Not so expected was the higher relationship of the 200 ma exposure than the
500 ma to the nontachistoscopic task , particularly since the reverse was
true in terms of actual error . It would, seem that to the extent these dif-
ferences are not attributable to chance, there are more aspects in c o n  to
the 200 ma and. nontachistoscopic tasks, apart from accuracy of perf ormance,
which contribute to feelings of cert itude . While there may be some tendency
for one individual to be consistently more or less certain than others, the
inaguitude of this relationship apparently can vary considerably across
differing tasks.

- 17 -
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THE CERTITUDE C0I~~Ii~UUM

One final aspect that warrants at least a. cursory look is the response
continuum itself. As nentioned previously, data from the five-interval
ccrtitude cont inuum were not scalable by the method of successive cate-

~ories. Why this was so for this continuum and not for the certitude
continuum used in the Andrews and Ringel study (1961+) is difficult to
ascertain. Apparent ly, there was more nonrandom error in the present
study. Whether this is attributable to differences in the nature of the
taa~ , differences in th~ continuum (eight-category fully anchored vs five-
category end anchored), some c~~~ ixmt ion of these two factors , or other
unspecified causes, could not be determined. Nor does the literature re-
port any scaling data on the certitude continuuma used. In information
theory parlance, 2.28 “bits ” of response information were provided by- the
five-category contir~wn and 2.85 “bits ” by the eight-category continuum.
In L~nsunt of information provided as a proportion of the amount that could
be provided by contir~uum~ of these lengths (relative entropy), Re = .98 for
the five-category scale and Re = .95 for the eight-category continuum.

Bendig and Hughes (1953): in a study of -the effects of anchoring and. number
cC scale categories on transmitted information, found that their five -
category scale produced 2.22 bits of inL’ormat ion and an Re = .96. Thus ,
the five-category cont inuorn usod in the present study appears not to be
deficient in terms of “bits” of response information. Certainly, no fewer
than five categories are ind~~~~e~ for jui~~ents of this type . More than
fL~c categories could probably be used effectivcly, sine-c the five -category
smale produced near the upper limit of res~cons~ information possible for
thc; lei gth of scale , aic~, the eight-category scale in the other study was
cbs producing close to the znax ircum possible. ~Miile there is nothing in
the evidence to recoi~~end the five ’-categ~iry continuum over the eight , there
is at leaot probable e~—i d-::c.’~c to reconuuend the eight - over the five-category
continuum.

fl’~ LICA~ I0NS OF FINDINGS

By intent, the present study is of value chiefly in terms of the itnpli-
cative rather than definitive nature of the results obtained. First, dis-
crimination of visual numerousness functions appears to be relatively inuaune
to the form characteristics of the stimulus--dots, circles , military sy~ibols,
etc. The implication is that the perceptual mechanisms reported in the
literature for less meaningful stimuli can be postulated for sy~bo1ie dis-
plays of military content . Similarly, the shape of these functions is
relatively unaffected. by the visual angle ( involving other than foveal
vision) subtended by the display area or by differences in exposure time
as represented, by two ccm~non tachistoscopic exposure times. Again, the
implication is that the previously reported mechanisms operate with visual
angles approaching those expected. in coum~and systems displays and without
regard for whether exposure time permits a saccadic eye movement, as long
as the time is sufficient to subitize or to estimate but not to count.
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When the interest of an experiment is in some absolute mr-azure of
performance--accuracy, r r r or  rate , etc.  --rather than general shape of the
performance function , it- i: j ortant- to treat each new or changed variable
or condition imposed as a different entity whose specific values are yet to
be determined. This ic implied from the findtng that error or accuracy can
vary as a function of time aiiii perhaps visual angle even though the nature
of these relationships to riesL -rousness is highly similar .

The foregoing implications also apply to  certitude ae iced in this
study. An additional i.mpiicstion which is derived from dire-ct correlational
analysis of the certitude-accuraCy relationchip is that degree of relation-
ship can vary widely as a function of the ta-:1: imposed and is not necessarily
associated with the apparent similarity at ’ the tasks . Thus , the certitude -
accuracy relationship is not generalisabic but must be determined separately
fo r each task which differ s  i-e any d ic acica leom any r~eviously analyzed
task. It cannot he asssued t~sat cercit~ide rssporn ’e coatiriuumo alleged to
be adec~uate in previous st-idi’s- without ~‘ - - i : t ..ve analysis cr determined
merely on some logical has is will have the de :-ireLi iychc~ ecr ic  informs.-
t~on traxisin.ittal, or seLsitj vtt~r pr-cper-t.~n :. Sa- :h as:.om~-tioe.s could
severely limit the infor~ J ion obtained an~i ‘~~i-e ~j tiat-icii man ’.puiaticeis
permitted.

There are a number of !.melicatiorcs for f urther research but these are
more germane to basLc quest-lon e left u;’asnvere i in the experimental literature - :

oa visual processes thac they are to the o;e~etionally or!ented program of
research planned in th~ -‘i~ca~ aad Systems Task . Fot example, a d~firAitive
study on the effects of visual angle , ‘.c.’ elude both foveal and peripheral
vision, on discriminatior of vIsual nu ml er would answer quest-b c-s raised but
left unanswered by the poe~ en~ study . Clo~e y  related would be an investiga-

~ion of the effects of average devia~~ on of stimulus figures from the focal
point in a sibde (or fron foveal vision ) at variou s levels of nunerousness.
Saccadic eye movement and die cc-ininaobcn as a fuLcI~~on of varyirc~ l i ne
exposure would also bear s~ ru.t txur .

-- 19 -
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