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ACCURACY OF INFORMATION ASSIMILATION FROM
UPDATED ALPHA-NUMERIC DISPLAYS

In command information processing systems being considered for develop-
ment, military information will be preaented to commanders and their staffs
to aid in the making of tactical decisions. As a preliminary to the de-
cision process, information must be rapidly and accurately assimilated from
displays. In particular, information which has been updated because of
changes in the military situation may need to be immeliately apprzhended.

Tue Command Systvems Task of the U, 3. Army Perscnuel Research Office
has initiated a series of studies desigmned to provide information on the
optimization of human performance in commend information processing systems.
Studies have been concerned with the essimilation of alpha-numeric infor-
mation from charts and the assimilation of sywbolic information from maps
and overlays.

In a recently completed study on the assimilation of alpha-numeric
information (Hammer and Ringel, 1964), subjects were reguired to locate up-
dated information by comparing updated charts with hard copy "history”.

The updates were size coded in half the charts presented and uncoded in the
remaining half. While amount of time taken to locate upiates was the prin-
cipal dependent variable, the study yielded the following findings con=~
cerning errcrs: (1) Two types of error were found, errors of omiscion and
errors of commission (in the ratio of three to one). (2) Errors were re-
duced by half when coded updates were used. The low frequency of errors,
however, precluded a more detailed analysis of the data. It was felt that
a more stressful experimental task might yield more information on how
accuracy and error scores are affected by coding, amount of information
presented, and amount of information updated. Accordingly, the present
experiment was designed to provide this information. An additional puwrpose
was to determine if the effects of the independent variables on errors were
similar to those found in a study on the assimilation of symbolic infor-
mation (Ringel and Vicino, 1964).

METHOD OF INVESTIGATION
STIMULUS MATERIALS
The conspicuity technique used in this experiment--as in the previous

alpha-numeric study (Hammer and Ringel, 1964)--wss size coding, which
appeared to be feasible in terms of system hardware capability.




Charts used in the experiment were adapted in forumet and zontant from

charts contemplated for use in an sutamated informmstion procsssing system.

They wers the same charts as were used in the previcvias study. ALl stimlus
Y | J

charts ceontained six columns of information: three cclumms of 15 and

taree columms of numbers with random assignmeant o ormation within each
colum. Each chart was divided into blocks of egual size, ana random
assignment of updates wes made to the cells (1 wi each tlock.

This procedure prevented the chance assignment to & restric-
ted area of a given chart, and thereby reduced £ position of up-
dates on performance. All uncoded informalion was ‘f,r-ﬂ-~~ into the charts;

the coded information, prepared by "Hﬁad‘w-Pr" was pasied into the appropri-
ate cells. All cnartb were then reproduced as 35 mm negative slides. Figure
1 is an example of a coded stimulus chart with a total of 90 elements, of
which 16 are updated coded elements. For each coled stimilcs chert there

was an uncoded stimilus chart identical ia content. Flgo:z 2
copy "history" answer chart corresponding to the "+rm44~;~H3'* in Figure 1.
All answer charts were uncoded.

a-trs s .Tf‘f“"'

APPARATUS
The experiment was conducted in a light acfed room egquipped with

rheostatically controlled overhead indirect light Fixtures. The 35 mm
slides were rear-projected to provide charts 53" wide and +o" high. The
height and stroke width of letters or numbsars ou "
1/8", respectively, for uncoded characters and 1=-3 nd 1/47, .
pectively, for coded characters. The average liminance value of letters
and numbers was app%ox‘mateld 1.0 foot lamberts {%he slides consisted of
transparencies with the alpha-numeric informs*is :
against a black background). The subject was
screen. Illumination level on the workiag swus
1.1 foot candles.

The subject was seated and given s bookiet centalining Instructions
and answer charts. The experimenter read the instructions alcud and the
subject was asked to read along with him silently. 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". After 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 entries in the hard copy "history". After cne minute, the updated
chart was remcved from the screen. The suhject then reorened his booklet
and was allowed one minute to locate and cross out the entries which had
been updated.
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EFF
ACTIVITY STRENGTH|
LANDING 77
REBUILDING 96
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SUPPORTING 7
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i REGROUPING |78
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| TRAINING 79
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| DEFENDING 78
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FRIENDLY TA(I'!‘I(;AL_ UNITS STATUS

TERRAIN
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LOWLAND
RIVERS
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Figure 1. Example of Coded Updated Alpha-Numeric Information
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DEFENDING

—

EFF

77
96
87
81
80
70
85
90
78
83
79
75
72
94
95

'STRENGTH

TERRAIN

FARMLAND
LOWLAND
RIVERS
MEADOWLAND
MAR SHLAND
DESERT
MUDDY
SWAMP
ROCKY
LAKES
VALLEY
PLATEAU
FOREST
HILLS
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Figure 2. Example of Hard-Copy History Answer Chart
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SCORING

Accuracy and error scores were obtained for each trial. Two error
scores were obtained, one for errors of omlssion and one for errors of
commission. An error of omission was defined as the failure to locate
an update. An error of commissicn was definsd as the inaccurate location
of an update. Percentages for accuracy and errors were cbtained according
to the following formulae:

1. A:ngxloo

2, EO=R—£§xloo

%, Eczlﬁﬁxmo
where:

A = percent accuracy

=1
[}

percent omits

o]
Ec = percent commits
R = number correct responses
0 = number omits
C = number commits
VARIABLES

Independent Variables

l. Coded vs uncoded updated information

2. Total number of elements of information presented. An element
was defined as that word or number which appeared in a given row and column
of an alpha-numeric chart. The levels used in the study consisted of 36,
54, 72, and 90 elements presented.

3. Number of elements of information updated. The levels used
were 4, 8, 12, and 16 updates.




Dependent Variables

l. Accuracy

o

2. Errors of omission; errors of
SUBJECTS
The subjects for this experiment were 30 enlisted men of above
average intelligence as indicated by their scores for the General Tach-
nical Aptitude Area (110 or higher) of the Armay Classification RBattery.
All subjects were required to have normal or corrected normal vision.

EXPERIMENTAL DESIGN

The subjects were randomly assigned to two groups of 15 ned each,
one performing wit 1 coded updates and the cther with ed updates.
Each group took all 16 treatment cambinatlons of elements presented and
elements updated. Fo“ purposes of administration, ea h group was divided
into three subgroups of 5 each. Order of aqmlli-._ i of triasls was
randomized for each subgroup. The design was plar xned with the possibility
of combining the data for the coded and uncoded groups intc one analysis
if the variances proved fto be homogeneous. The experimental layout is
shown in Figure 3.

RESULTS

Analyses of variance of pe“c°ntages were computed for accuracy, omits,
and cormits, and because of possible skewness of +the dats, for percentages

transformed to log scores. Results of the al ly es were essentially the
same and showed all main effects tc be significant at the .0l or .05 level

-=with one notable exceptlodlﬁ-and indicated uhut interpretation could be
based on the untransformed data. Summaries of the analyses and results of
significance tests on untransformed data are shown in Tables 1, 2, and 3.
Figures 4, 5, 6, and 7 show accuracy and error performance across levels
of the lndependent variables. Summary tables of the mean percentages for
t?z)treatment combinations are shown in the appendix (Tables A-l through
A .

While the elements presented x elements updated interaction was signi-
ficant for all the analyses, the "F's" were not large and the profiles of
means for this interaction, with the exception cof those for percent accuracy

* The effect on accuracy of number of uncoded elemente updated was not
significant with untransformed scores but was significant with transformed

scores.
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with uncoded updates, did not reveal any meaningful *rends. A closer exami-

nation of the means for percent accuracy with uncoded updates for this
particular interaction showed somewhat puzzling resul Performarce
5% d
T,

accuracy declined or remained stable for %6, elements presented
as the number of uncoded updates increased from & © However, at the 90
level, performance accuracy actually increaszd fxom 3% tc 16% (Teble A-2)%,
, A re-examination of the hard copy "histocry" enswer charts and stimulus
materials did not reveal any scoring errors or artifacts which could have
i produced this unexpected result.

;1\ nw

Since the results of an analysis of variance combining coded with un-
1 coded displays were difficult tc interpret because of heterogeneity of

| variance, differences between performence under the coded and unccded con-
B ditions were tested for significance by & test which Zoes not assume homo-
| geneity of variance {Dixon and Massey, 1937, p. 125-17 ). T results of
f these tests are shown in Table 4. All diflfersices we gallizant beycad
i the .05 level. With the same test, differences besiwesn mear percentages of
‘ omits and commits for coded and uncoded pra* s were alao fcund to be
significant beyond the .05 level \Tao‘e 5) e

e

Teble 1
SUMMARY OF ANALYSES CF VARIANCE OF PERCENT ATCURACY
Coded Uncoded
Source of Variation af M3 F MS F
Between Subjects 14 2609.30 90k Bz
Within Subjects 225
Elements Presented (P) 3 7078.99 11.32%* 100L48.05 24 . 4hw»
Subjects (S) x P L2 625. L4 411.16
Elements Updated (U) 3 11610.15 13.46%* 262.18 1.00
SxU Lo 862.39 243,20
Prev 9 133k.05 2.55% 785.78 L, O1**
SxPxU 126 521.62 196.13
* P< .05
** P< ,0L

£/ The effects of this reversal, combined with the nature of the distribution
of percentages, produced the significant "F" for the main effect for trans-
formed scores and showed performance accuracy actuelly %o increase with
increasing numbers of uncoded updates.

s




Teble 2

SUMMARY OF ANALYSES OF VARIANCE OF PERCENTACES OF OMITS

' Coded Uncoded
Source of Variation af Mo F M3 F
] Between Subjects 1 1116.61 341438
|
Within Subjects 225
| Elements Presented (P) 2 L137.40 13.33%¢ L4822.13 7.55%%
; Subjects (S) x P Lo 310.87 636.98
) Elements Updated (U) 3 889L.47 30.85%% 6751.98 1k, 32%*
; SxU it 295.6k WTL.41
PxU 9 834.01 3.51%% T13.53 2.0L4*
S TP xl 126 2357.4g 349,51
* P< .05
** P< .01
Teble 3

SUMMARY OF ANALYSES OF VARIANCE OF PERCENTACES OF COMMITS

Coded Uncoded f
Source of Variation af M5 F MS F
Between Subjects 1L Gairainl 2270.58
Within Subjects 225
Elements Presented (P) 3 769.66  3%.60% 936.57 5.,98%%
Subjects (S) x P L2 221.55 156.73
Elements Updated (U) 3 1509.68 6.03% L103.h2  19.8%%*
SxU 42 250, 4k 206.86
PxU 9 328.33 1.97% 356,08 2.12%
SxPxU 126 166.93 168.18
* P< .05
*% p< 0L

- 1] =
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Table 4

DIFFERENCES BETWEEN PERCENTAGES OF CCDED AND UNCODED UPDATES

Significance
Coded Uncoded level
Accuracy 73 24 SO
Omits 16 58 .01
Commits 1% 18 .05
Table 5

DIFFERENCES BETWEEN PERCENTAGES OF OMITS AND COMMITS

Significance

Omits Commits Ievel
Coded 16 i1 .05
Uncoded 58 18 ek

<10 =
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Figure 4. Percent Accuracy for Coded and Uncoded Updates at Each
Level of Elements Presented.
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The results of this study may be summerized as follcows:

As the number of elsments of information increased from 36 to 90:

1. Accuracy declined from 86% to 62% for coled updates and from
38% to 11% for uncoded updates |

2. Errors of omission increassd from 7% to 24% for coded updates
e S
and from 49% to 67% for unccded updates (Figure 5).

3 - $ 1 3 - - * ' A - 3 .'."‘ > - oA - -~ ~
of commission LUCY“? 2d from (% tc 14% for coded updates

and { for uncoded updates (Figurs 5).

k=

o AP AT~ attAar 1A d+=A 2 A - o 4 s } 7§
s the number of elements of information updated increased from 4 to 16

T s e o
. Acour ACYy Gecilined

re.

mained approximately stable at (This
apparent stability of accuracy somewhat
suspect in view of the signific updated

interaction).

2. Errors of omission increased from 6% 4o 28% for coded updates
and decreased from 27% to 11% for uncoded updazes {Figure 7).

2, Errors of commission increased from 6% to 16% fc
and decreased from 27% to 11% for uncoded updates (Flgure ?).

The following major differences were found as a function of the use of
coded vs. uncoded updates respectively {Table L):

1. Performance accuracy - 73% vs. 24%.
2. Errors of omission - 16% vs. 58%.
3. Errors of commission - 11% vs. 18%.

The percentages of omits were significantl y larger than the percentages
of commits for both coded and uncoded wpdates (Table 5).

Comparison of the results of the present study with those of a previocus
study on the assimilation of symbolic information (Ringel and Vicino, 196k4)
indicate the following:

l. Elements (or amount) of infurmation presented affected perform-
ance accuracy similarly in both studies.

2. In both studies, errors of omission occurred with greater fre-
quency than errors of commission.

- l"7
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The data for 9 of the 15 subjects who worked with wncoded displays
indicate that as the number of uncoded updates increased from 4 to 16, the
combined proportions for accuracy and comuits, which represent total overt
responses, decreased while proportions of omits increased. Coupled with the
apparent stability in performance accuracy (assuming thst the significant
elements presented x elements updated interaction did not mask a significant
main effect), these findings may reflect an unrealistic increase in the per-
ceived difficulty of the experimental task--zn increase which may, in turn,
relate to a reluctance on the part of subjects tc risk meking errors. A
finding which may support this conjecture emerged from a stuly on assimile-
tion of symbolic informstion (Andrews and Ringel, 1964) in which confidence
was actually measured rather than inferred. The findings of both studies
point out & need for research on the relationships among perceived diffi-
culty, confidence, and performance, and the implication of these relation-
ships for decision making.
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Table A-1

PERCENT ACCURACY -~CODED DISPLAYS

Elements Updated

L 8 12 16 Mean
36 97.30 95.97 79.48 73.87 86.90
Elements 5k i 79.88 78.07 59.64% 76.73
Presented ., 87.67 90.30 48.09 55.25 TL.TT
90 82.38 TH.T7 56.8L 36.51 62,87
Mean 88.42 85.48 £5.12 56.56 73.39
Table A-2
PERCENT ACCURACY--UNCODED DISPIAYS
Elements Updated
L 8 12 16 Mean
36 46.01 33,85 41.22 31..96 38,64
Eianents 54 26.20 25.42 27.87 25.65 26.79
Fresented ., 29.21 22.25 13.72 18.29  20.63
90 3.96 11.41 14.07 16.5% 11.01
Mean 26.08 23.97 24,71 23.35 2h. 71
- 25 -




PERCENT ERRORS OF OMISSION -

% = A
1804 A-D)

~CODRE

D DISPLAYS

Elements Updated
2

=
N

4 o} 12 Mean
36 1.%3 2.48 11,44 150k 7.85
Plenents = O 6.78 10.97 15.27 26.€4 14.17
Fresented _, zh e . R 26
7 5255 5,48 .45 30.16 18.36
90 10.01 13,65 209,30 Lh .30 2L.5h
Mean 6.61 7.15 2284 28.31 16.83
Table A-%
PERCENT ERRORS OF OMISSION---UNCODED DISPLAYS
j Flements Updated ,
i 8 i2 1A Mean
34 34,53 52.66 55.19 50 .60 50. 48
o P 54 43.01 53 ;81 St 63.06 55.86

Presented

Mean

T2
90

61.93




Teble A-5

PERCENT ERRORS OF COMMISSION--CODED DiSFLAYS
Elements Upaated
L 12 16 Mean
36 1,50 .55 10,07 1%.99 T
4 «2C 7.6 16.7 10.12
Elements o 7.8 &0 Eii r —
Fressuted s 8.00 5.22 18,44 15.58 12.56
30 8.59 14,57 B N5 20 .15 i1
Mean 6.95 8.39 13.62 16.12 11.77
Table A-6
PERCENT ERRORS OF COMMISSION--UNCODED DISPLAYS
Blements Updated
,+ 8 12 = .6 Mean
36 21.45 16.49 550 o 45 15.67
L 12.2 20,5
Elements 54 26.79 24,77 16.40 12.27 20.56
R e 33.18 15.06 18.77 8.90 19.43
90 30.48 24,20 21.98 13.90 22.89
Mean 27.23 20.63 15.11 11.63 18.15
- 25 -




