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. \ The Battlotield Information Systems Technical Area of the Axuw Rbu
aearch Institute (AR!) is concerneh with thc demands of tncrealingly -

s . , - . . >
o

conplex battlefield systems’ that are used to acguire, transhit, process,cv

digseminate, and utilize information. This increased. complexity places.
~'greater demands upon_ %he operdtor interacting’with the machine system.
Research in this area is focused on human performance problems related
tb interactions within'.command and control centers as well as on issues’
of systems development. .SucH research concerned with softuare‘devel-
opment, topogrqph;c ‘products and‘proced?Ces, tactical symbology, user-
. oriented systems, information managément, sta#f operations and procedurhs.
: decisxpn support, and sensor systeﬁE‘xn;g?ratlon and utilization.

-
3
. *

*An issue of speclal concern within the area of user-otiented systems ’

+i8 the improvement of manual data input procedures, especially in the -
Pactical Operations System (TOS). - The main source of ‘information for
tactical data systems is manual data entry--a slow, errdr-prone process. .
The capabzlxty of tacticaledata systems such as TOS to -support command
- staff actions with accurate, complete, and timely information is depen-
dent on' the pérformince of the person who must manually enter .information
into the system. Previous ‘ARI research on data entry has resulted in
simplifzed message formats, improved reference~dodes, and aids for. on-
" line preparatzoﬁ and verificatidn of message entries. Although progress

has been made, data entry remains a major system bottleneck* The research

reported here compared alternative inputting methods with four levels of;
" system aiding and prompting 'and has produced specific design recommenda-
. tions for improving the speed of data entry and error rates.

Research in user-oriented sy tems is conducted as an. 1n-house ef- -~
fort augmented through contracts. This' report.resulted fron an in-house -
regsearch effort responsive to requirements of ‘Army’ Prog//;U2Q763743A774
and to special requirements of the U.S. Army, Combined Aims Combat Deével-
. opment Activity, Fort Leavenworth, Kans. :Special requlrements are con-
.,talned=1n Human Resource Need 76-162 (77 295), "Processor Alded Retr1ev51
and Storage.“ ' . s :

)
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Four mcthods were oxamined for speed and accuracy in inputting
‘tactical ‘messages concerning enemy activity ‘into an Army computer for¢'
mat. -The methods were (a) typing--the user types the appropriate cod
into a messdge format; (b) typing with an error corrector--the computgr

—to—correct common—spelling and/or-

J list; and ‘(d) typing with autocompletion and ‘ah English option--the
uger must type only ‘sufficient characters to uniquely identify the it
" using either the ‘appropriate code or its English definition.

Thircy-two.enILSCed persons representative of the class of mili
personnel who might serve as input device dperators ;nput'one of four sets
of nine messages using each 1nputt1ng method.

The use of menus was tH- ncst accurate inﬁutting method. For usJ:s

+of limited experience (1 day of inputtzng). there were no differences in
speed among the inputting methods.

.Consideration should be given to the adoption of menus in tactical
operatibn systems with a menu override option for. experienced users.
The use of an error corrector, autocompletxon, or .an Englishfﬁ'tion :
is probably not warranted unless operatxonal use shows.a specific needm;L/
for such an azd ' . ] ) S

; _ _ 5 Unclassified
G - umauurvcxﬁcnrnunumcon~nusrao¢an-na-:uu~o
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v Nearly ‘all information in tactiral operations systems -is input .

manually. Two problems that arise when manually inputting data are
{a) the introduction of errors in transiqting information into computer

format and' (b) the introduction of a-bott#leneck im total systen response -

time. Therefore, alternative methods of inputting data for accuracy and

apeed should be evaluated. .~ . -, . o/
) '} '_" . ) ) ¢ . ’
Procedure: - - o : : <.

v . . ' .
* - : Pqpr methods were g&amined for ‘speed accuracy when inputting tacti-

‘cal messages concerning enemy activity into an Army computer format.

- The methods were (a), typing-~the user types the ,appropriate codes into -

a nessage format; (b) typing with an error corrector--the couputer auto-
matically attempts to correct common spelling- and/qr typing errors; (c)
- menus-~the user" indicates which\of the legal entries is desired from a

" list; and (d) typing witf autocompletion and an English option--the -
user must type only sufficient characters to unidquely identify the

iten, using either the appropriate code or. its Engligﬂ[definition.

Thirty-two enlisted persons, representative of _the class of mili-

’tary personnel might serve as input’ device operators, input one of .
four sets of messages usxng each inputting petgggp R

- N ~

findings:- . - .-

- ‘ ‘ -

“The use of menus was the most accurate inputting method. For users

' ‘( of'linited experience (} day of inputting), there were ‘no differences in
e speed amo g.the imputting methods. : . '

/.
14

’ Consideration should be given to the adoption of menus in ctical

. operation syStens with a_menu override option for experienced users. -
The\hse of an error correc r, autoconpletion, or “an English option is -
ufiless operational use. shdws a specific need .for
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¢ . A COMPARATIVE ANALYSIS OF METHOOS FOR
. TACTICAL DATA INPUTTING

! '

AT o P L e

INTRODUCTION

ﬁ'.p:l.to the long-term possibility of direct-sensor to computer-
data transfer, the main source of information for tactical operations

systems is manual data inputting. Two problems arise when data. are en-
texred into thoiyatn manually g, (a) the introduction of errors in trans-

lating information into computer format and (b) the introduction of a
bottleneck in total system :nponu time.

The U.S. Any Research Institute for the Behavioral and Socinl
Sciences (ARI) has been engaged in research to improve' performance of
data inputting at the man-machine interface (see Alderman (1976) for
a disqussion of previous research) . Earlier research sought to im-
__prove human performance by individualized training techniques (Gade,

‘rields, & Mlderman, 1978), by computer prompting and instruction (Strudb,
\\\~\\\\i?7s). and by using on-line inputting/with vorij#cationr(strub 1971) .

@ earlier research, however, did not focus on actual inputting
procedures: learh how the method of inputting affects speed and
accuracy, four 4 t methods for entering intelligence data into
& Tactical Operating Systém<TQS) format were examined. The fastest
method could be used to alleviate the-bottleneck at the nn-nachhu
interface. The problem of introduction of erxor has two parts:- \(a)

the operator must form a correct concept of the information (fru read-
ing a message, hearing a telephone message, viewing a radar scope,\ stc.)
and (b) the operator must input properly !o'z-nttod information b:;ﬁ on

a cdrrect concept. In other words, an error could arise if the

tor misunderstood the information or incorrectly input the in!omati n.

[]

Although it is difficult to separate the two scurces of the -
method of inputting affects 1nputting errors rather than conccpt fom- -

tion errors. _ .. , ’

% The first of the four methods chosen for tetting was typing. in T

wvhich the user types the appropriate codes into a ssage forma® TYP> (J
.ing is.a common method of inputting and is~used in mbst versions of the ...
Armg's developzng Tactical Operations SySt and previous ARI res ch.

The second 1nputt;ng method was also typing, except that a
automatically attempted to correct cosmon spelling and typing errors.
The computer should be able to make ccrrrectiona faster than the hwnn

mr and thus speed up the rate of inputting. - .

A third inputting method used menus, in which the user indicates
vhich of the legal entries listed is desired. A track ball moving a
cursormusedtozxﬂicate the entry. This method is a common alter-
native to typing. it requires less tra.:.n;nq and the user cannot nkc

/g

"'.s,,i_ ,'. .

ter

N~
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qpolllng errors. Aloo. because the use of menus places a smaller cog-
aitive lgcd on the user (requiring recognition meory rather than recall
mamory) ,* there is also the possibility that fewer errors will occur..

L

_ The fourth sowhod of (nputting was aimed especially &t speeding up
the rate of inputting. This method, which used typing as its bass, re-

' Quired that the user type only eneugh characters to identify a membet.
of the table Of leqgal entriem for that item of the format. Thg computer
vqu@d £111l in theo rout of the entry, thus saving typing time. DBecause
research has shown that typing Enqliah is faster than typing codes, the
"user- of this method was allowed to ume cither the code Or its English
definition. In either casé, the participant was to use only the mini-
sum nuaber of characters needed@dto identify the code or definition.

The different operating characteristics of the four methods pro-
vide & basis for predicting relative inputting performance. Thus, com-
pared with normal typing, typing with an error corrector should result
in fewer errors as well as a time savings. Similarly, the use of menus
should result in fewer errors and possibly a time savings. Howaver, the
fastest and most accurate inputting method should be jﬁtoco-plotion. )

‘ . ' 4 . ,

—"
OBJECTIVE

-

. -

. : )
The purpose of this research was to evaluate alternative methods of,
inputting enemy situation data for speed, accuracy, and ease of use.

. METHOD -
v - % oy ' -
Subijects
Thirty-two enlisted men and women were randomly assigned to four

r groups for the experiment. Participants possessed a GT score of 105 or

_ above, vision correctable to 20/20, and were representative of the class
- of military personnel who might be trained to serve as input device oper-
' ators. Although 26 of the 32 participants claimed some typing skill, and
several had had 1jfited exposure to computers, none had used the inputting
tfchniques bei aluatedxxn the experiment. .

»

*

1REferences to this phenomenon arc common. ‘?o:'ékinples. see Loftus &
roftus, 1976, pp. 56-91, or Baddeley, 1976, pp.-~285-286..
o

—

-
a
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Taak L,
The participants acted as intelligence astaff meaberas entering tn-
formation about the enemy into a computerised data bawe. They recaavod

. {Tee text WQesaqQes Jdeacribing enamy actions. ie i
Figure l.. Their job was to extract Che neceanary information and enter -

the appropriate codea into a variation of the Enemy Situation Data Add
(ESDA) format of the TO: mystem (mec Figure Q). ] .

Exporimontal Station

+
' )

The Qxperiment was conducted in ‘an area ¢onta:ﬂtnﬂ a ta&lo and ¢hatg
for :ho pearticipant. Two cathode ray ‘tube (CRT) displays sat on the
table, one showing the format into which the participant would enter
data and the other containincgy the menus for the menu-selection inputting
méthod. A track ball for the menu-selection mepthod was placed'in front
of that CRT. A keyboard was placed (n front of the format CRT. A dic~
tionary was available that contained the valid codes and their English
definitions cross-indexed to the items in the. format. An intercom was

provided for calling the experimenter.

3ggut:1ng;n.th§k; "

. - ,
Four different inputting Pethods wére investigated in this experi-
ment. Each method used automatic tabbing; that 1-. ‘after th completion
of an entry, the computeér eutcmatically moved the cursor to fthe next en-
try item in the format. The computer did not accept invalid codoa for

»

.an entry and gave the uscr: aAn error mejsage to. that effect. ' 2
I. 322123. In Ehxa method, the message format appeéared oa the

screen wi the cursoy placed at the first item. The users then filled
in the apzzopziate codes (including blanks) for gpach item, referring to
‘the dictionary of «z!id codes and their definitions as needed. The com-
© puter rcgocted any inpuy that was not a legal entry and would not allow
the user to continue il a valid code was ertered. Participants could
backspace and type over their answerss ' The cursor automatically moved
to the next item .in the ncg;age format when a valid entry had hgen t

. . P ' . ~ .
y v

. . e [ . ) o

ﬁnvalxd code is onc that does'not appear in the valid code list for
an entry.” The terms "walid”™ and "lgqal" -are ased intctchanqcably. A
valid code may be incorrect if it appears in the valid code list but does

not correctly describe the information in.the free text message.

‘.\
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picked up by unattended ground sensors’ ’ ] . -
) o vic.” XT437262 ) - o~ .
\ . . . A P~
“ N . . - . ’ -
] ) ' . ’ * . N
MESSAGE l/u.n - 45618 ¢ v
~ - ’ »
® - ‘ . -
” ;
: ' oy
N . .
- 1 ] . 1. ] - ... .

Pigure 1. Typical free text message dcoqribinq ‘.nd-y_ actions. .
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Figure 2. Format for entering data.
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II. ming with Error Correction. Th;.s method was the same as-
!lethod I except that an aid ‘had been added--a typing error corrector..
ﬂhentheusertypedanxnvala.d entry, the system assumed thatatyp:-ngw . -
o ' @xror had been made and attenpted *to correct the error. The typing R P

. exror corrector dealt with four kinds of errors: transposition of two -
"~ -» - adjacent letters, insertion of an extrk letter, deletion of onpe letter,
‘or substitution of one incorrect letter. When the typed item was an -
. invalid entry, the’ ‘typing corrector tried: to form.,a hypothes:.s ofewhatx : L
the ‘entxry should. he. ._.For each of the four kinds of errdrs, the typ:l.ng '1__’.' S
.corrector found & list of all the members of the valid list that were = =
- elther. the sSame length as the invalid entry one charactexr shorter, or ®
one character longer, "depending on which of £he four types of typing-. '
errors was being tested. Then it went through one of four Qrocesses- ’ ‘,;: Teo

Lo 1'. The typing correctoxr scanned the target word ‘and ‘the entry from

‘the left for mismatches. At the first msmatcb, it transposed’ the mis-, R
. ” matched Tetter in the ‘entry with the letter to the right. If the néw
- ssoxrd mtqhed the target word, the target word was the hypothesis. If: = - .
there was no match, the typing corrector went ;’on to the next’ target word.

e » o

S 2.~ ‘I‘he typz.ng corrector scanned the target word &nd the entry 'frpm -
. the left for mismatchess” It deleted the mismatched letter in the entry. _
‘ " and checked for a match. . If there was no matcbh, the typ:.,ug coﬁ"ector S
. went on to the next target word. . j , - S

3. The typ:.ng corrector scanned from the left ,for msmtches and , @
- deleted ‘the mismatched. letter from the target word and checked for a ° S -
: " match. If there was no match, it went on, to the next target wgrd. e
. , A' ] ’ v [ 7 = ‘ : )
T ‘. 4. The typ:.ng cortector scanned from. the left for msmatches.,, At o .

the first mismatch, it skipped .the. msmatched letters in both words,a;nd
checked the rest for a match. :If there was no match, the typ:.ng correc:; e L
: tor went -on to the next target word. - . C T e

»f ! R -'_.D'v- -

-

-

o . "The-first hypothes;:s formed when the typ:mg corrector found a match -
. . printed out on the screen with an error message. If it was the 'entry o
' - the user ~actually wantesl the. user hit a key to s:.gnal acceptance; ; “other-
wise the user could hit’ a key to signal a retzp,uxg of the entry.*. IE- the
. "typing corrector’could not form a hypothes.xs, dan error messagey. appearea
.on the screen and the user had to. retype the entry - :_/v X ‘Q, .

. . III. Menus. In this input method, typing was -used for enter:.ng o e
‘ *"three types of items- in the message format: map co‘o:r:d:.nates, dates,,and" v -
card:.nal numbers. All other data ‘had to be entered by selecting the ap- }:
' propriate item from an- alphabet:.cally or logically ordered, menu; data . T
coul_d not. be typed in. The message format appeared on the right CRT with - -
a’ cursor .at the first 1tem. ‘The menu ‘of legal entries for the first item
appeared on the left CRT in their uncoded form (i.e., English defuu.tlons ’
from the dictionary). If a blank was a valid entry, it was included in
the menu. "When an item was chosen, its code was filled into the message

. ‘. | | .- - -. '* -.7 - 6 14 ) '- | | . -

o




* . . - . -

. ’ » - ) ’ 3
format by the compﬁter .and the cursor moved to—the next item. If an item
had to be typed rather than chosen from a menu (e.g., map coordlnate

: strlngr; instructioris to type the item would be_ displayed where the menu - tea”
" would normally appear. . In these cases, 1nva11d entries (e.g., insuffi- "~ “,
cient characters in the coordjnate string) were rejected and the next ) g
.item could not be entered until a valid entry had been‘typed in, as in = - :
'~ Method I. . ... P S, 7
. S . 5 . ¥ .

IV. <Typing with Autocompletion and English Option. This method .
was the same as Method .I, but with two additions. First, the partici- -
pant could enter the English eflnltlon from the dictibnary  in place of
the code, as ‘desired. Secoptl, when the partlclpant felt that enough
characters had been typed “identify a member of the valid- entry. list
(either code' or English), he would push the send button, causing the
autoccmpletlon program to take over. If indeed the program could match —
the characters' with the beginning of one, and only one, member of the :

~. valid entry list, it would automatlcally flnlsh the entry for parti-

-~ cipant and move the cursor to-the next entry. If a unique matc could

'~ not be made, the program asked for more characters. The parthipant :

could invoke the autocompletmon program at any time and as oftfn as

wished unt11 a unlque match was .made. . / S )

N \'._ " .v

Dependent Varldbles I A

.

.

~ .

The prrmary dependent varlables were format completion,; t;me and
'accuracy in’ terms of .number of errors per ‘format. Typing errors as well
as errors of interpretation and- errors‘apec1f1c to a particular inputting
;meethod were included in evaluatlng the-number of errors per format.
oL Other data collected 1nc1uded the number Qf times the typlng correc-
tor was used, the ‘number of times. the:, typlng corrector correctly identi-
fied the target code, the number of times autocompletion was used, the
- number -of times English definitions were used in place of codes, the
e .number of times the-participant corrected.an entry by backspacing and
‘ " typing ower before entexring the 1tem, and the participant's stated -
. —~preferences among the input methods. ™ All the part1c1pants entries ..
‘and the- entry times were recorded as. well. Ty

/)’\ 3 P 'Y . . _’l_’:'

L . i

oo - o . PROCEDURE

e Thlrtyesax free text messages describing ‘enemy actions were d1v1ded
; . 1nto four séts of nine messayes with each messgge set (M) balanced for -
);d_ types of subjects, sources, restrictions, unit identifications, and
- d flcurty during the pilot testing. For each message set, the first

. <message was always a practlce message, and the other elght messages .
> made up‘the experimental set.’ In addition to these 36 messages, 2 other

. messages were initially presented.as practice messages.




R e : .RESULTS - .- | o
B Analys;s of variance sumnary tables and’ means for th 'dependent . :
variables in th;s experiment can be found in the append;x j Tt

-~

U findings are’ glven here. o _

R .
| Accuracy of an inputting method may be consxdered fr two perspécr R
(a) mean errors.per message and (b) the number. of articlpants - pes
For bpth measures, e

v. ’ 1

' tives:
*who had the fewest errors 3_using a particular method.
\the rank -order of 1nputt1ng methods was the’ same (see Table 2).,
v;s_'.;_'_‘\‘-d S L S ' ./ NN
e - " Table 2 4// I
’ B .Yt'”..'-
. Accuracy Rankiqgaﬁg.lhputting Methods
' o o o L i}:PartiCipan:s who made
_ _ _\‘Mean number of - the fewest errors .-
. Method -+ errors per message  using this;method‘
Bl o s :H »‘7 . . °
' Menus 2.64 - 17
- Typing with error !
: ~ ~corrector . 3.36 st
Typing - - 3.77 ﬁ 3.5% .
Typing wlth o - . M
4.39 T .3 *

autqcanpleti on

Includes one tie between typing and typing with error corrector.

-

-

. An analysis of variance of the mean error ta indicates that the'
Gdifferences among the 1nputt1ng methods are significant (F = 13.98,
af = 3,84, P < .001). There were no.statistically significant residual

essmons, or

interactions between inputting methods ‘and message set
The analysis of variance table (Tabﬁe A-1l) and a 4%

‘groups.
of other slgnlflcant findings is provided 1nsthe appendix.
y

° -~ . ‘ . .
!
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?j' Time
SRR The mean time per message using each oflthe four 1nputt1ng q,g::és
and nunber of participants who had their fastest scores‘pszngza-g :
iqputting nethod are shown in Table 3. =~ P

3 5

. : o R Table 3 .

Time Ranking of Inpu§ i

: - ] é}s ) :r
Numberof partlc:.pants who’f" | ;

averaged the fastest time 7 | L
-~ -using this-method— ———— L )

.

: ygan-time per’
Method . T T 'message (in' secon

> - o T

kTR _ . o
Typipg With L

‘autoconpleflon 413.#3; 13

Typing wi : exror o ’.;A.
correctpr. - 397.01
Typing o . 396.05 - 7 -

R Menus - . - v 396.52 3,

- ' Although'scorlng by number of participants (who averaged their best
times over the eight messages using a given inputtiny method) is consis-
tentfbith the orxgzna} prediétions. (see the discussion of inputtlng methods
in the Introduction), the mean time ranklng is almost the' exact reverse.

© An analysis of varlance~nerformed on both the raw time scores and the

. logs of the time sqores (used because of skew in the time scores) showed
that the dlfferences among inputting methods in mean ‘times were statis-
tically 1n31gn1f1cant. (The analysis of wAriancé summary tables can be
found in Tables A-; and A-3 of the appendix.) The most significant factor
in the analysis of variance of the time data was Sessions. The more ac—
tice a participant had, the shorter the inputting time becamé (p < .001).

- This can be s$een 1ﬂ’the mean times across all 1nputt1ng methods for each
session, shown in Table 4.




R '." V‘ ‘ . . ‘.' ‘- ._7-'~ R . . -Table 4 ( - . . _‘l )

- 'Time Data for Sessions LT -

« - - =

. Session . ) e - Mean time (in seconds).

4

SR S U6 & R
, . a . '.'-I ' -. . . . . =
) 2 o A ' 387.12 :
S T . . o Do
T 3 . T 360.21
iy T , ' 2
a4 . 324.27
e - . T *. s k e —r. 4‘ - [RRSS— - .
- , - ‘f—;. . * .
S Preferences _ o, e
[ ‘e b r'.-::l-s. 'T\-r

~ would prefer a method with which they had pérformed well--either in

; *hs the participants were debrlefed, they ‘were gske'&"ahont t:he:i.r
¥, p{eferences among inputting methods. Tt was hypothesized that'peopile

naJu.ng the fewest errors or in averaging the fastest time. The prefer-3
enee results can be seep in Tables 5 and.6. coeff;c:.ent of agreement——
f (k) and an appréx:.mat:.on of the standard error (Ox) were. determined for

.each table. ' (See Cohen, 1960, for a d:.scuss:.om.of K.) Contrary to ex-

EERN = -.108 and Ok = .149. For fastest time, K = -.128 and Ok = .057.

Mo Lo . s AP
. . ) L. v .

-

Use. of Computer Aids . Ll

*

T pectahons, there is chance agreement or, at best, a sil.i.ght nega.t:.ve
' .. agréement between preference and best performance. ..For fewest errors,

Backspacing. Whenever @ participant was typing an egtrx', -the back-
. spacing option was available. This option allowed the subject to back up
. and type over an answer to change 1t The use of the backspace option.

14 ' N

e
-

K, the coefficient of agreement, is a measure of the agreement between

- allowed-the part:.c:.pa.nt to catch and corregi: msbakes lpfore the computer A

two variables measured by nomipal scales (in this case, best performance

p ané ‘preference). ( i the Pearson product-moment correlation coeffici'ent‘.'

r,! K can take on (values only between:--1 and +1. A score of +} would

:mrhcate total agreement between performance and preference, and a score
ate that users never preferred the inputting method they

.of -1 would 1nd1

d;id begt on.” A lscore of 0 would ‘indicate no predictive linear relation-

\ sl?zp between pre)fe.::ence and performance.

j . ) S )
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hed v
R . : ’ : - N '-"
N B 'rables- - ’
: o Agreenent Table Between Preferences and .
Sl S Pewest Errors, by Inputting Method ] = T TER
" : T ' ' preference ‘ S )
Fewest errors Typing Brror corrector Menus Autocompletion Total - .
' __ Typing. 0T 0 SR 0 2 %
' 3‘ corrector 2 0] S 1 - 8
. Memus: S | 3 T 10 3 17
- y letion s 0 r 1 . 0 2
. Total 4 3 18 - e - 20%
S . . A N A - - .
afl‘hree subjects- did not express preferences. o~
1. - IRV - | ‘rableﬂéu S ‘. ~ —
Agreement 'i"a.ble Between Preferences and , '
Best Time, by Inputting Method
.‘ ) F . I - “.:
‘ Preference ' »
Best time Typ:mg Error corrector Menus Autocompletion ‘l‘otal .
Typing o 0 5 o - -5 7
’ Error ; ) _ . .
- corrector 1 1 . 5 2 9 .
\\“. ' Menus- o o2 e o B - S
g Autocompletion 3 ' o "8 ! 212
. "“Total 4 3 18 .- 4 29°
, a’!’lir'eg subjects did not ex;%ress prefererices. - ’

-




.. ' . . . - . - . . [

' . L o -
- ' woyld catch them. _This .Optigp was. frequently ‘used qy the part1c1pant. -
‘ as_shown in Table”7. The hagcspacxng ption, could be used with three. .
results-- (a) a correct entry (b) s:11d (correctly spelled) entry Coe
at was not the correct entry for the message, or (c) an rnvalxd entry. o

1

A

“

co 3:‘ Error, Correctors Table 8 shows the-use of the error. corrector.-
* The’ error ceorrector could change an invalid eritry .to a valid and cor-
rect entry and could change an invalid entry to a walid and correct:
entry but the participant could reject that correct answer. In about‘

a thixd of the cases the error corrector could not arrlve at a valxd

~entry ' : . . .

Autocompletion with English Option. Table 9 shows the use made- of .
the autocompletion option and the English option. There were 3ix fofms
these options could take. The subject could use the full English defini-
tion, and that definition could be either correct or incorrect. The .
subject could use autocompletion on either the code or the English defl- -
nition and these autocompleted entries could be either correct or
incorrect. - , _ L S G

. ~ : DISCUSSION : o

-. = . . T ‘

" Menus - . . , o

- . LI . - <
e

Menus appear to be more-error-free than the.oéger.inputting.methods-j
examined (see Table 2). 1Indeed, there is a 40% decrease in error with
menusffrom'the‘worst*case3 typing-wxth“autocompletione Menus are popu-
.lar; 18 out of 29 participants expressed a preference for them. Finally,
menus do not have ‘higher mean times than the other Inputting methods. .
Therefore it would seem reasonable.’to suggest .that the use of menus be
serlousﬂk_consldered for adoptlon for use in tactical data inputting. "

' This study considered menu:gefkctlon with a track ball. However, .
the track ball method of menu selection does not seem-to be a good method
of 1nputt1ng: It is slow and . Qumbersome to use. There are ‘several other
methods of a menu selection (e.g> lightpen, touch-sensitive panels, a
typed index code“er letter) that shondd be considered. Each method has _—
advantages and dlsadvantaqes,_the resul of this research do not suggest =
- which one would be the best for the_tactical data inputting task. '

" None of the menus in, tH2 ' research’.was partlculgrly long. Most fit
on one screen (i.e., they re less thap 40\items long). The longer
menus (e.g., "subject”) werégdivided into segtions (e.g., personnel "

"vehicle,” . etc.).. The first'\gcreen sh to the part;czpant was a list
of Sectzons from whlch the s {

the relatively: short length of ‘the menus, par
_ ywalt for a-mehu to be’ prlnted~out so that they, could respond. With
: . slower - equlpment, longer menus,'.or, more experlenced-users, delays due

-~ - . hd

Az
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%u the average, each subjéct bad 106-cpportundties %o use these options. -
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s - -

‘todthtm&:onghamormtinqmultbommm . .

ontcmldhao.ﬁ.omdofoct Therefore, either a menu averride op-
&mmhopdcmilnﬂefore;perimodm.oranm“b S
mmhqimaotbedui of an operational memu-systep = =
taking these points ipto aecount. a poorly dud.qndm . AN
mt-mm”umbmﬁutmmmtﬁism )

. . “
- " -’ - . - - hd )
- . . .

this expexi-ent suggest thaf,_thc pnzticip..nta L e
where practice effects no longer alféceed per- .
tc:lno. If such &a p teuhadboonreachod.porhapotindiffwc\ L

-t

Q\"é-

'm'ld astocompletion, for example, bave been mt’cr if the subjects

-hadhdmupetime? Ituinponiblotosay Aatocompletion was

-the fastest inputting method for 40% of the y.rticip-nu, or 13 people.

- An a priori estimate ,asminq no-diffm -ong_lmtting-ctboda. 'W
would leal! us to expect each inputting method to be fastest for 258 of
the participants. The mean time of those 13 people, 308.23 seconds, how-
ever, Vas_ than any other group, and their use of the autocomple~-

: on was higher than the total group average. This mean inputting
time was also faster the average for any of the four sessions. Re- -
.-call that the analysis \pf variance on sessions produced the most signifi- .
cant results, indicating a training effect (the fastest msianm the S
mtonl.thefonrth andthe-eanm32427).‘ :

- lh.ny subjects complained that’ antocc-plation was contuing and aif-
ficult to understand. This confusion may have led to the high error
seors and wide variance seen in the autocompletion data. It would seem
that autocompletion is a useful tool only for a sophisticated user.

Brror Corrector

: 'l‘be conput;er spelling error corrector m i-p:essive to vau:h in

acti.oﬁ: it came up with correct hypotheses in most cases (i.e., a hypoth- T,
esis acceptable to the user) and decreased errors by ll% from typing '
without the error corrector. Yet the practical value (less than .5’

fewer mistakes per message) does not seem valuable. The exrror correc-

tor should probably be considered only if opezational use of a tactical

inputting systen -shows a d:.st:urbingly large mnbe: of typing and spelling .
erxrors. . ] .
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'":m"f‘/.','ih npop&cntommlhhmmtumluu ‘
: codes (ses.Table 9) . The English optionmund-oct,ofm.m the -
“uﬂmd‘ﬂ.ﬂ, mmtdiuind.h: Ini.nputti.nqﬂu‘

mm(l-) .P-mmty.x-mu.uaz-,

- Flagh)- tcg example, P with nﬁgconplcﬂou m,*mnd ratbher than.Z.
!humhritynyb‘bocam'ﬂnzﬁgluhroqummmm
m“aobotypd,onhnamage.thanmcodoandn’o:quz‘dm
' charactars 'to uniquely identify the item.-' An English optioh is prohably :
not very useful, pc:t&cululyvithuu-dcsigmd uq:-oricnudeoa- A

Jk s S - . ) ’ . .1 cies LT .., . .

-
* -

- .r . . . . ‘ Im - . - -
<7 ‘Menus are rw)or m/in input t-gtical data because g °,
. to cause fewer inputting errors wi noticeably affect-- .
rate than the -other methods examined in this.regearch. Bow-
mmmtiuottqu,wmammm P
the design of an operational menu-Based inputting system— :

cularly the length of menus, the speed with which they can be dis-
andthcminvhichitasuouloctdtmam

HEE
§“§i

§

’ 8p0111n9 correctors or mtocaplouop should be couiduod only
for experienced users and in opo:ad.url settings that specifically
require such aids. .

17




o

- . D.C.: NBS/RNSI, 1976. | . .
.- .Ba ¥, A..D. The Tsychology =f Moncry. ew fork: Basis BSaks, 1976,
- K s e e e . . . R

'

REFERENCES =~ . |

. ' - . - \ .
-4 » oo . o d
Alderman, I. N.. Tactical Data In ﬂutu 3: Reseéaxch ir. (peraccrs- Perfor-s
mance and Training. Proceedings of the Secord Batigral sium

" on Managément of Data Elements in- Iafornation P—ocessing. Hcshing:«

Cohen, J. AQoefficient of Agrzement for Nonim4l Scales. vd:cwlcnal
and Psychological Measuremonc. 1360, 20(1), 37-46. ’

‘Cade, P. M., F;eldsf\l F.. & Jdcemman, T. N. SélEC21VL.Iecdbd_A as a

Training Aid to Om<lire Ta-tical Data Inputjing. ARS Te?hnlcal
Paper 35, 1978. e ¥y L
, ~ - " ¥ 3

= A
Loftus, G. R., &-loftus, E. F., Human Memo;x- The P-Sbe ssing of In-
formation. Hillsdale, N.J.: Lawrence Exlbﬁpn Associates, 1976.

: P - - . _ i:-

Strub, N. H.  EBvaluation of Man-Computer Input Techniquas. for Military
Informatign Systems. ARI Technical Research Note 22&, May 197). -
(AD 730315} - '

Strub," M. H. Automated Aids tc On-Line Tactical Data Inputtiny. ARI
Technical Paper 262, February 1975. (AD 010350)

Winer, B. J. Statzstxcal Princivles in Experimental Dca,gg Zné ed .
New York: McGraw Hzll 1975, pp. 719-721. )

/ RN : g ~
. e
) - ' N .
. :
- . »
\ - b
A »



I

APPENDIX - :

- .

squro with vithin-subject measures, these faq:t:ors do not a!foet tho

i (STATISTICAL SUMMARY TABLES - . -
. 'rablc A—l contains the analysis of varianco lmry table for
the error data; Table A-4 ‘contains the means ud error data fo: oach ot

. the' four vu'hblu and for each cell. -

: " Table A-z contains a summary of the analysis of m:l.ancc for tine
' dfta. Several outliers were found in the data. (e.g., some subjects had
‘never ussd a, typewriter keyboard before and literally had.to "hunt.and
-peck” fox each key). ° Because -the presence of outliers can unduly in-.
npmo an analysis of variance, a second analysis of variance wes ‘run
.using logs of the time score.- The results of the second analysis are
. sumparized in Table A-3. Table A-5, contains the means and t:hn data
. fo: each of the four variables and for each cell.

ol ' *  DISCUSSION

.
1 . . v o
* \ s - . X \’ -'. "
.

llunge utl (M) are a significant source of va:iaace as can be

uongl.n Tables A-f and A-4.. Groups (G) ahd sessions, (S) are also some- -

what djifferent. However, since the residual (ox into:action) term is
not significant and since the experinent:al design- ‘is. & Greco-latin
uin concluion concemiﬁg inputting mthods _ e
s

N vety':ignificanj: (p < .001)- |

AR T mmﬁ.wmm\-m‘.u

A nistake in nuﬁbering two messages put a short message. frcn set 4

+ . Use of the log transform to reduce the skew in: the tiln data re-
dhced the size of the residual term (Tables A-2 and A-3). Bmvnr, the
oxdering of the other terms remained approximately the same. 1In hoth
" analyses, iuputtinq methods (I) are. not signiﬁcant and sessions’ (S) are

. oo
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into set 3 and a lohg message from Set 3 into set 4. Therefore, message
. set 3 is. about. eight items too:short and message set 4 is eight items
too long. This probably accounts. for the diffmncc in means betwacn
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Analysis of Variance Table for Error Data (32 Subjects) . B
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A of variation ' ss ’ af MS . - P :

B . . . . . B , . . L0 . o l.4
Groups (G} ' 114.38° -3 38,13 -3.79* - .
~ Subjects/groups = e, 281.51 28 10.05 - - o .
- Within subjects ) - 96 |
‘Nessage sats (M) , 34.20 3, 11.40 9,34%w+
Inputting methods (I) - 51.18 3° . 17.06. . 13.98w%ee
S . Bessions (S) . 13.09 3 4.36 3.5%
<Y Hesidgal 1.7 | 3 0.59 " 048
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gotal - . U .. seg.21 . 127
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Table A-2

Analysis of Variance Tablg for Time Data (32 Subjects)

Source
of variation .

SS

~

af /v

F

d}‘— ‘ 5

Between subjects

. . . Groups (G) .
- ] Subjocts/gro:xpa =e,

.- Within subjects

' Message ut:s“ (M)

putting methods (I)

.js'ess ons
" Residual

314557.95
603568.31

87759.42
6631.30
789543.52
41975.21

31

96

S Wwiwww

©104852.65 .

21556.0)

29253.14

2210.43
263181.17
13991.74

4.86%*

12.23%%w
.92

109.92%w*

, . 5.85%*
- Subjects/groups = &, 200989.96 8 2392.74 .
Total - 2045025.66 127 . i
. ’ ’
** p < .01, -~ p _
¢ weep.<' 001, -
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e ;‘Cﬁ. * -,-15'} . g s
” - . - _‘t; ‘ =
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Table A-3

Analysis of Variance Table for Logs of Time Data (32 Subjtczs)

Source | ' - -

of variation : Ss af " MS F
o _ | . |
N : . .
Between pubjects ’ 31 \
, Groupq (G)  313915.66 3 104638.5% 4.22¢
8/groeps = e, 694914.81 28 24818.39 )
Within gubjects , . 96 '
Mesgage sets (M) . 64248.09 . 3 21416.03  10.01%#+
' IngQtting methods (I) 1440.03 \ 3 480.01 .22
- Sepsions (S) 781955.53 ¥ 3 260651.84 121.81w#*
| idual . 2379995 3 7933.32 3.71*
ubjects/group; -e, . 179741.9 ' 84 2139.8
. Total . 2060015.97 127 - g e
‘ . £ . -
* p<.05.° L . - |
*#%p < _001. ’ ) : : o
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