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ACCURACY OF INFORMATION ASJ1MI1ATIOI~ ?-~O~’
t~ L~A-i~~ A 11A-TIMERDT’ ~~~PL~ Y~

In cormnand 4 nformatinn process ir~ .‘ -~~om~: bein~.~ nY a1~~~~
5. for develop-

ment , military information ~i~ li be ~~~ •:~iti~~ t :  ~~~~~~~~~~ ar~i ih e .r ~i taffs
tc aid in the making of tactical a e i~ i’:ni~. As a L:P i.L~1~~~ary to the de-
.~ision process , information ~u~t b~ rapiL .Si and ~~~~~~~~~~ ~s ini~.lated f r om
disp lays . in particular , thfor~~ tion w~ i:h h~~ been UDr ;j t~~i because of
changes in the military situation may ne~ a to  ~e 1I~~LF ~~ t~- !y appr~Len(~e’1.

Tue (~omn~~..d S , sbems ‘I~~ i~ -:‘~~ the :. 3. k~-~rtv P ~~~~~~ Researok~ ~~f i~~
• has initiated a series of r tmiles dest~-r~e~ to o~cvide ii~f :rms t~~on or~ the

optimization of human performance ~~ command ~~~~~~~~~~ ~r.~:.es~ ing sys tems .
Studies have been n er:~ -~ Wi.t ’~. i~F~’~ ‘~ -~~~ 

.•~~ ~~~~ 
~~~~~~~~~~~~~~~~~~~~ S 

-
. -

mation f rom charts and. the assimilation of ~v~r~~r~~~:- ~~~~~~~~~~~~ ~~r :r  niap~
and overlays .

In a recently completed study on the ~sri  ih~t-tor of alpha -numeric
information (Hammer and Ringel , 1964) , subjec~ai ‘~-‘~~e ~~~~~~~~ tn icc~~t e  up-
dated information by comparing updated charts w L t h  ‘~ara copy ‘his te ry .
The update s were size coded in half the ~thart.s presented arid uncoded in the
remaining half . While amount of t ime t&cen t~ locate u~d.ates was the prin-
cipal dependent variable , the study yielded the foll~;wio~ ~inding~ ~~~~~~ -

cerning errors : (1) Two types of error were found , errors of omission and
errors of commission (in the ratio of three to one). (2) Errors were re-

• duced by half when coded updates were used. The 1o’~ frequency of errors,however , precluded a more detailed analysis of the data. It was felt that
a more stressful experimental task might yis:-~ more in~o~~a~-ion on how
accuracy and error scores are affected by coding , amoun 4

~ of information
presented , and amount of information updated . Accordingly, the prest~nt
experiment was designed to provide this informatiDn . An addLt~onal pi~’pose
was to determine if the effects of the independent variables on ei-:-ox~ were
similar to those found in a study on the assimilation of symbolic infor-
mation (Ringel and Vicino, 1964).

~~ThOD OF IITJESTIGATION

STIM UL~~~ MW~ RIAL$

The conspicuity technique used in this experiment- -as in the previous
alpha-numeric study (Hanmier and Ringel, 1964)--.was size coding, which
appeared to be feasible in terms of system hardware capability.

- ~~~~~~~~~~~ ... .-~~. ~~~~~~~~~~~~ •_ _ -~~~. - .~~ ~
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charts usel in t:e ec.,.~rLnen’i. were ~~~~~~~ ~~ -
~~i. -. au~ -

~-~~~~~rJ from

~~~~~~~~~~~~~~~~~~~ ‘~~e Ir ;j~~ ~ ~~~~~~~ ir~ ~~~~~~~~~~~ ;. ~~~~~~~~~~~~~ :~~e’n .
They ~r~rd the •~ne~~ hart~ a’: ~~~~~~~

- -
~ ~~~~~~~~~ ~~- 

-;‘~e ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~
.

cha~-ts i~~ z1 S Lc : ‘Thtir ~~- r~f ~~~~~~~~~~~ ~~~~~~~ 
- - ..rr ~~ • : -

~~~-~~~~ and
t ree -~~luc1fls of r~~~i~~ r ‘. . tLii :‘.~~ii~ m z g’o~~

-. ’ o±~ ~~~~~~~~~~~~~~ ~~~ ea.
c ~i.um.n. Each cx~-’~rt  was ~ i~~_~ie- .. ~

-
~t : •f c h : = .~~~_ . s . ~3Z~i . c~f l . C,L~i

• assignment of updat.c~ was !t~~-~~-: to the cellz-~ oeL’. ~~~~~~~ ~~~~~~~~ 
b - ~-r~ .

This procedure p:~~-ont~d. thc ~~~~~ ~~~~i~~asi-~~t ~~~ aL~ ~‘: :~
- a r- -~ric-

t.- d area c.f a given ~har~- . -~r-t thcr~-by ~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
- - - ‘fl ~•fd~ t~~ on per±’or~~ nce . A.~~ uncoderi irfor.i~a~ ~~~ ~~~~~~ ~~- “~ ri:e :-~~a ts ,

the odel inf ormation , t ’  ar~ni by ~~~~~~~~~ was ~~~ si t-~
-i. ~~ a~.r ’rcpr 1-

at ‘euL ~ A.J. art~ were th-’- re~’--i. - - , )  n~s — 
-~~~~ rLgl_r

.i. i~ .n example of a .. cdeu rt it~uLis ~~ar~ - 
-

~~~ ~~~ ~ rie-~~ , of
which 16 are updated coded elements . ~~~ e&•~~.: ~~~ ~~.: .:h~rt  there
was an un~ode 1 s -C a ~ ~~~~~ ~-2e-~i--~.- -~- ‘ ‘: - - ~~~- -~~~-

. ~~~~~~~~~~~~~ - ‘ - - s - -

copy “history” answer chart corresponding t~ t: ’--~ ~~~~~~~ ‘~~::~ , ir v~ g~re 1.
All answer •~~i-~rth we:e uncoded.

APPARA~ JS

The ‘sxperi~ent was z~. 1~ic-ted in a ~~z~r- - c t- ; -~ :;,~~i e:,~~~~pe .t A t h
rheostatically cor~t,r:lle’~. overhead 2ir~.ct .ig~~. f~ - ..t h -~ . Th~-~ 35 mm
slides were rear-projected to ~~~~~~ charts ~~~, W : o  ~~~c’ 4-~ high. i’he
height and strose ~iidth ct’ letters or ~~~~~~~ ~~ ~‘~~~

- ~~~~~~~~~~~~~~~~~~~
1/8” , respectiveiy , for uncoded oharac-te:~ ti .o~ l—~/ -.~5 ’ t;h / Y , r•e~.-
p~.ct~~’-ehy , for coded character ’. The a ‘c~ e • t - ~t ’~ t: ~~ ra~.,e ~.f lethers
~~~ numbers was approximately 1.3 f o-t  h~.mh~ -th -~o . ~- ~-ae~ c~ r~~~~’~~ of
transparencies vith the alpha-numeric infor i~~. to:i ~.- .~e - r  s~r ir: w h Y~
a~ain~ t a hL~tsk background). The subject w~ : ~~~ ~ 1 ~ J . , 1- : • :‘ :~~~- f rhe
screen. Illumination level on the ~ ~:i:c.~~~~ ’~ : . :- - : i  . - :~: ~~ : ..Lie.: was
1.1 foot candies.

The sub~ ect was sea~e~ and given ~.. 
L -  ci.- t  ~~~~~~~~~~~~~~~~~~~~~~~

and answer charts. The experimenter read the instructions aloud and. the
subject was asked to read along with him siien tl~ . Several practice trials
were then given to acquaint the subject with the experimental task. These

• trials were followed by the experimental presentations. The experimental
task was as follows : The subject studied an uncoded chart in his booklet
which represented hard copy “history” . Af ter one minute he closed the

• booklet , and was shown an updated “history” chart on the screen . In the up-
dated chart , varying numbers of entries were different from the corre-

• sponding entr ies in the hard. copy “history” . After one minute , the updat.ed
chart was removed from. the screen . The sUhje~.t then reoteneti his booklet
and was allowed one minute to locate and cr:’~s ~~t the ent ~~ies which had
been updated.

-~~~~~ -
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.NP L Y I AC 1 1  ( A l  I : :  I T S  STATU S

ARMOR 

- S -

-

L ’N IT  AC Fl  ~ I Fl S F8 ENCTII  i’ E E R A I N STA l l S  
• W EAT H ERLAND ING J 7 7  FARN LAND 9~ DAM P~~~~~~~~

72 REBI I L I ) ING 96 LoWLA ND 85 OVER CAST ~
57 A S S E M E L I N C  

• 
8 7 RIVERS 91 SNOW

Ni  F I I D H A W I N G  76 MEADOWLA ND 82 in~ :ID

F L A N N I N G  SO MARSHLAND 76 RAIN

13 S~~i P o R C I N ( ; 71 DESERT 96 HURRICA N E

26 S U R R O U N D I N G  si FLATLAND 86 su~~y
99 SCREEN iN G 90 SWAMP 87 WIND Y

64 R E G R O U P I N G  i 7 8 J U N G L E  83 HAIL

4~ • PLANNING 83 LAKES 89 DRY

28 TRAINING 79 VALLEY 80 FREEZING

37 • H OLDI N G 75 CLIFF S 78 STORM

18 PENETRATING 72 FOREST 75 HOT

53 A S S A U L T I N G  94 HILLS 90 FOG

3 l j  DEFENDIN G 

- - 

78 LIO NS ~~ CLEAR

Fi gure 1. Exa mple of Coded Up dated Al pha -Numeric Inf o rma t io n

— • -~~~~~~~~~ •~~~~~~~~~~•



___ —~~~~~~-~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• 

F ’ R l N N N L Y  I A CT ICAI .  [N.  I S  srA i [ sPS--- -- - - - 1

EFF 
• 

ARMOR
UNIT ACTIVITY STREN G TH TE RRA I N STATU S WEATHER

2 3 SU PPLYING 
• 

7 1 FARMLAND - 92 • DAMP
72 REBU1LDINC . 96 LOWLAND 85 SLEET

57 ASSEMBLING 87 RIVER S 91 SNOW

82 WITHDRAWING 
- 

81 MEADOWLAND 77 HUMID

34 FLANKING 80 MARSH LAND 76 RAIN

13 SUPPORTING 70 DESERT 96 HURR ICANE

45 SURROU N DING 85 MUDDY 95 SUNNY

99 • SCREENING 90 SWAMP 87 WIND Y

64 
• 

REGROUPING 
- 

78 
-

~ ROCKY 83 HAIL

24 PLA NNING 83 LAKES 89 DRY

28 TRAINING 79 VALLEY 80 FREEZING

56 HOLDING 75 PLATEAU 78 COOL

18 PENETRATING 72 FOREST 70 HOT

53 ADVANCING 94 HILLS 90 FOG

L~ 
31 DEFENDING 95 t M o

~~
TAINS

t

94 
[

CLEAR
j

Fi gure 2. Examp le o~ Hard-Copy History Answer Chart 
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SC0R~~G

Acc’.~r~ cj  a: ~rrcr .~~~ ~~~~~~
- : were ~c .ii:~- a :‘r ~~~~~~~~~ t:~~a . . i~ o error

scores were orj tain~~~, ~~~ !‘~ r ‘~rror. ~f ~~~~ 3 1.. n  and one ~~~ erross of
commissi n .  An ~~r~: of ()!Ii1.~:;j or ~ was ie±’~ ::e~ as th-s ~~~~~ t,o locate
an update . -~~~~ •-~rror of c~ muiss1...~n ~~~ i~~ in~~~ ~ s the .L:~a~ .::ate location
of an update . Percentages lor accucacj ~~~ ~~~~~~ were ob tained according
to the following formulae :

- R

2. E = R40 ÷C x 100

= R~~÷C x 100

where :

A = :J~ r~ er.t ~ac u.racy

E = ; ~~ra~ r it . u:ai~~0 -

= percent co~miii.~-

R = number ~orrss~ rc3Don..~es

O = number omits

C = number conuriits

VARIABLES

Independent Variables

1. Coded vs uncod.ed. updated information

2. Total number of elements of information presented. An element
was defined as that word or ni.miber which appeared in a given row and column
of an alpha-numeric chart. The levels used in the study consisted of ~6,
514., 72, and 90 elements presented.

3. Number of elements of information updated.. The levels used
were 14~, 8, 12 , and 16 updates.

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _
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D t j ~ rc.~nt_Variables

Accuracy

)
. f r ” : ;  )f o s ~~io;;; ~~~~ L ’s of i:n~~ - L~

~R~~TECTS

The subjects  fo - - this ex eriment were 30 e.ilis-ed xx;~~ of au~.i~
average ir~tel1~.ber~~e a~ indi~ated by their ~-~‘,~.ses fc .’ the -~~~ r9l T~ .ch--
riical Aptitude Area (110 or hi~ hcr)  o~ the A m y  ~las;; i .~:~~i c i  ~~~~~~~~~
AU ~ubje ::c were required to hn.vc’ normal n’ ~~~~~~~ ~ria ~~~~~~~

E~~~ i f l~~i; AL JE~~ GI~

The ~~~j~ ;t~ were r.av Lonj .~r ‘s; i y.~ c~ to ~~~~ r~~-ç~~i~~~ ç-P i~~~~,~~ ~~~~

OflO D~~~t orrNnr wJ ~h r oded unda~ e :  an~ t~:e ~~~ ~ 1N: u~:~c~~~-1 ~~~~~~~~
Eaoh ~~~~~ took all lb t m e ~~ ~~~~~~~~~~~~ of ~~~:~r t - 1 t .o-~:-.:~~~c:. and
e Lor .~ent~ updated . For trurposes of ad :ic Lra~;Lo-i , ~a -~h ~; u:~~r t ~ rii~rided
Tn t ; three sLthNrou~~ of 5 each. Orrier cf ad~;jj~j .~~;rat ._ - : - ’. : : .~9.l~ was
rar;~~nized f or eaoh subgroup . The design ~~~ a:~j i~ c1 ~‘i-~f: t.h.~ p: ’~sibiii ty
of srrah in in z the data for the coded and unn’y-N~4 bro-xc~: i:!.T,-: one a lj :in
if ~~~ vartan~ es proved to b~: ‘.iomo~ eneo 1~~. The ::c~e:: ir;e~

4
~~1 .-~ --~ t is

sh~~~: ~r. Figure 3.

Ana1~:;ec of variance oT percentages were i r i a - ~ed for accuracy, omits ,
anJ . .3r~~its, and, because ~f Po 3i~ le ske -ines; c~f th~ ~~~~~ Icr peroentages
tran.~f~ i-ne~ to loi- scores . Results of the a niyncs were essentially the
same and showed all main effects to be si~~1 ioa~~ at the . N .  r .05 level
--with one notable exception1—~.-ar4 indicated. thai; LrJter rc: LL,n coul i be

s~~-i on :hs untransformed data . Simm~ar~es of ~;ic ai ysen and ;-c~ urt.s of
sign ificance tests on untransformed data are shown in Tables 1, 2 , and 3.
Figures ii. , 5, 6, and 7 show accuracy and. error performance across levels
of the independent variables. Stmmiary tables oi’ the mean percentages for
the treatment combinations are shown in the appendix (Tat les A-i through
A-6).

While the elements presented x elements updated interaction was signi-
f icant I or all the analyses, the T

~FI s t t  were not large an.~. the profiles of
means for this interaction, with the exception of those for percent accuracy

~-‘ The effect on accuracy of number of uncoded. elements updated was not
significant with untransformed scores but was significant with transformed
scores .

- 8 -

- 
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: ~~~
Elements Updated

24 8

36

Elements
Presentei 72

9O~

l~~~.ients ~ s-~ ’.~~o

24 l.,:~

36

Elements
Presented 72

90

Figure 3. Experimental Layout of Study
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with uncod.ed upda tes , dId nct reveal any m~nnIn  a, ~rex~. s~ A ;T..oser exami-
nation c-f t~e means f r  percent accu racy ~i~~- sn-~~de~ ‘sp t~ite~ for this
particular interac~tion showed somewhat ;nz i,-~ re;uh ;~~. Performar~~e
accuracy declined ~r remained stable fc~’ 56 , ~~~ ar.i ~‘2 e~.enents presented
as the number 31 unccded updates increase~ frorn ~ l’~. However , ~t the 90
Leve l , performance accuracy actually increa~~:± f”r~~r 3% t- ; 16% ( Talle A.2)~—’.A re -examlnatton of the hard copy “hist :ry ” an~~ier chaits ~nd st~~ ulus
materials lid not reveal any scoring errors or artifacts w~ Lc~ c u L ~. have
prcduced thIs unexpected resu~t.

Since the results of an analysis c-f -rs:i~c : ’  :~c-~i tnIc ,~ ~:ie~ with un-
coded displays were difficult to Ir .ter~ret  t~ - - a a r~ cf  he~ ’~~;~ eneIty of
varIance , dIfferences between perfomnan:e i.~ni .~-: t~~ co~ed ~~~ ~ .c c-dei con-
ditions were tested for s;~~.if i~ ar.ce b~ a t- - :  w~.i d~~s ~ s assume homo-
~enei ty  -f va:tan;e ~~o; . and Massey ,  f~~~, , . 

~~~~~~~~~~~~~ 
-

• . 
‘
~~ 

-
~. rec .~L~ s of

t~~ s s  are sh.~’,~; ;-. ~~~~~~~~~~~ ~~~~ - S - . ~~~~

the . . 5  ~~~~~~~~~~~~ With the ane ~.cs t , :i ~ ±er~:. ~~5 ~Nw~ ~~~ :~~
-
~ - 

- 
- .~~e: of

omIts ~.nd. co= .ts f or ~3ded and -sd~o. ~p~-~i - t s  w~r-~ al. . - -- ,

si~~i i f i c a n t  beyor.d. the .C-5 level ( Tal l~ 3’ .

Table 1

t~.RT! ~)F ANALYSES CF VARIANCE FK:-;~-: I~

Code T
Source of Var iation F M~ F
Between S~~ je cts L24 26C~~.~-l 9 ’~~ 9.2

Within St~~ects -Elements Presented (p) 3 7’()7i~.99 ~~~~~~~ ~~~~~~~~~~~~~

lub lec ts  (s) x P 62~~.L4

F Elements Updated (U) 3 ii6iO .i5 1).~~E~ * 2E2 .1E 1.00
S x U 132 862 .39

P x U 9 1334 .05 2.55* 785.78 24 .0
S x P x U 126 521.62 196.13

*P< .05
~*P< .0l

~~~
‘ The effects of this reversal, combined with the nat ur e f t~:e distr Ibution

of percentage s , produced the significant “F ’ f or the main e~’fect for trans-
form ed. scores and showe d performance accuracy actually to increase with
increa sing numbers of uncoded updates .

-10 -



‘it~blc I

~ U~~4ARY OF A 1A LY.~~~ OF V RL L . 1~:. ~~~~ - ~i- ~~~ ..  i~ ’ ::4::i

~~~~~ Jn~oded
Source of Var iation d.f ~~~~ F F

Between S~~jects 124 iii6 .Gi

Within .iubject s
Elements Presented (p) ~ ~4131. L,J  l1,.33~ * ~~~1~• 7.55**

.3ubj ec os (G) x P 132 31t .87

nleineno~; Upá.a~ cd (U) 3 ~~324 .24 7 ,50. )** o L . ~~ l24 .32*3~
J x U 1t2~ 29~~.C-f 4(i.-~

P x 1 9 ~~~~~ ~~~~~~~ ‘.L ~ . f  2.024*
S x P x • ]  126 ~~~~~ ~~~~51

*

** P~ .

T~.bie 3

~~
T r A

~~I1J.fJ OF A~ALY~1~3 OF VARIAN CE OF PE~ C~~, 1tCa~~T~

.~ocied Uncoded
~oss’c~. ul’ Var ,ntiori di’ ~~ F F

Bctwco;. ~3ubjects 517.11 22 70.58

Within Subjectc
Elements Presented (p) 3 769.66 ~.6o* 936.57 5.98*~

Subjects (s) x P 1+2 221.55 156 .73

Elements Updated (u) 3 1509.68 6.o3*~e 24103.1+2 19.83**
s x u 242 250 .2424 206.86

P x U 9 328.33 1.97* ~56.o8 2.12*
S S x P x U 126 166.93 168.18

* P< .03
P< .01

- 11 -
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S 
T~ L 1:  ~4

i)IF~EP~~~~ S Bh NiI~ I ~~~~~~~~~~~~~~~~~ k~i) Ai:L (
~~L UTP AThS

Ac~~~’ac~ 73 .11.

0n~t: 16 .01

11 .05

Table 5

DIFFERENCES BE~E~TIE~ ~~ RCE 4L7~l OF O~1IT~ A~ D 1O~’~~1T~

Si fic-a n r e
Omits Cc~rsr-i~.ts level

Cod~ i 16 II .0-5

Uncoded ~8 18 .01

- 12 -
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-~~~~~~~

100

~
Coded

S
U
ci

40

20

Unco ded

0 
~ 

I I

36 54 72 90

Element s Presented

Figure 4. Percent Accuracy for Coded and Uncode d Up dates at Each

Level of Elemen ts Presen ted.
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- -

70 -

60~~~ 

- - 

Un c oded 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~i t3

I 

50~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

“ I
~~ 40
0

S
a,
U- I-i

~ 30

Omits
-S

2 0 .

— 
— Commits

- - — -.-

10~~~ ,—

0 fl-~
1 I I

36 54 72 90

E lements Presented

Figure 5.  Percent Errors of Om ission and Comn iss~~~n for Ccded and
Uncoded Updates at Each Leve l of E L e men t s  P t e ser , t ed .

- 14 -

— - 
S 

- 
.~~~~~~~ ~~~~~~~ ~~~~~ - -



100

SO - 
-

~
- S 

~

~~~60

Coded

ci
40

a. 

20 Uncod ed

O •
~~~~

- I I I

4 8 12 16

E leme n ts Update d

Figure ~~~. Percen t Accuracy for Coded and Unc oded Updates at Each
Level of Elemen ts Updated .
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2. F-~ r:-r~ rl ) :‘IiC~; C’? ?- .~ - ? -d 1? - r  c) •~
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~~~ - . Lr ed fr :v 2~~- t :  11% for c?- :e’~ -)~~~~:.~ C J
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~;c- l ~~ vs.  un c c-de.:~ ~~ -1;;~.e~ ye e~ ti v ly t T ~~ l~ 24~

1. Perfoena rio c • 1- cura :5y - •

2 , ErrorE of omIssion - ~6% v~~.

3. Errors of coxmiission - 11% vs.  18% .

The percentages of omits were significantly ~arge r than ~-he peroentages
of commits for both coded and uncod,ed update s (Tahic 5).

Comparison of the results of the present :t:dy with tiae~-~ of a i;~ c-~ ic--is
study on the assimilation of symbolic Information ~P:Lr;~ t~l and. VicIno , 1961~)
indicate t he following :

1, E~~erients (c-v amount) ci 1~L f-)~~ at1. -~~ p r r s  f l t . Ci af fe?  Lcd perforn—
ance accuracy similarly in both st’.idie:.

2.  In both studies , errors of r ”~; i s E i -~~ ~~~~~~~~~~~ w~~~. ~rc~~ter fre-
quency than errors of commission.
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The data for 9 o:~ the 15 subjec ts ~-rhc ~~~~~~ u L-t ; . •y :c ~el aisplays
indicate tha t as the nxsnber of uncoded updates ~~c~-ea:- e~ . from ~4 to 16, the
combined proportions for accuracy and coimuitc- , whic~r represent total overt
responses, decreased while proportions of omits increased. c~cuplc~i wi ;h the
apparent stability in performance accuracy (asstmiing that the significant
elements presented x elements updated interaction did. net mask a significant
main effect), these findings may reflect an unrec.liofic increase in the per-
ceived difficulty of the ex~erimentai -task-—an i:1orea -r- wtiich m a y .  in turn ,

rela te to a reluctance on the jcr t of e u b jec t s  tc rith making erc’ors . A
finding which may s sor-i this conjecture ‘rmcvj cd from a st .bly on assimila-
tion of symbolic in x’:~uat~o:-. (Anx~.rews and Ringel, 1)64-) in which confidence
~iac actually measured rather than inferred . Tho I’ind U tt~c of bo th studies
point out a need for research on the relat ion :- anong ~ :‘ccivc~ aiffi-
culty , confidence , and. T)erI’orc~ar~cc. and. the implicrU-fon flS ;• Uk:e relation-
ships for incisior : nai-:inC -~.
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Table A-i

PERCENT ACCURACY--CODED L:~pLk~
-
~

Elements Updated 
-

24 8 12 16 Mean

36 97 .30 95.97 79. 148 73.87 86 .90

Elements 524 87.33 79.88 78.07 59.61~ 76.7~
Presented 

72 87.67 90 .50 14.8.09 55.25 71.77

90 82 .38 714.77 ~:-6,7 ~:- 56 .5:

Mean 88.132 85.48 65.12 56 .56 73 .39

Table A-2

PERCENT ACCURACY --tJNCOD ED DISPLAY S

Elements Updated
24 8 12 16 Mean

36 146.01 33.8~ 141.22 31.96 38.624

Element s 524. 26.20 25.142 27.87 25 .65 26.79

Presented 72 29.21 22.25 13.72 18.29 20 .63

90 3.96 u.4i. 14.07 i6.~ 4 11.0] .

Mean 26.08 23.97 224.71 23.35 224.77
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Eleriens-s (—oat .~ :.
4 8 12 Meac

52.66 5 i .~-p ‘
~C . 6 C 5C.~~~

Elements 
148.01 5~ .3: y~.75 6~~~ 6

S 
Presented 72 ~ 8.6i 63.89 70 .149 714.77 61.95

90 68.~6 624 .39 6~~.g6 72 .514

Mean 247 .68 57.~1~ 61.LC 66 .99
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Teb~ e A -5

PERCENT ERRCRS -~~~~ : ?~~ Z J .~ I t - - -~ C 5.E :  S 3 ~~ i-i ~.

E1eni~-nts pc-~-o- ’-)
1+ 8 i~ . cc— sn 

______

-‘ 7 . 3: i1.2D 7 6 ~-+ ‘ .~~~~~‘

E.lemen 1 s
Presented 72 o.OO 5.22 - i~_~ ‘

~~
-
~

- .- -- S

Mean 6.95 8.39 in.62 r~~~~:

Table A-6

PERCENT ERRORS OF CO~ 4ISSI0N ---UNCODE D DitPL4~~

Elements flp~ate ci
— 

14 8 12 -
~ Mean

21,13-5 16.249 5. ‘ - ‘ - . ~~: I

Elements 26.79 224.77 i6.4~ ~~~~~~~~~~~ 
23. 6

Presented 72 3~.18 i~.o6 13.77 6.93

90 30. 148 224.20 21.96 1~~.-)T 22.8’~.

Mean 27.23 20.65 i5.1~ ~~~~~
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