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FOREWORD

The Human Factors Technical Area is concerned with improving man/
machine systems to acquire, transcit, process, cissexzinate, and utilize
information from the increasingly complex battlefield. The research is
focused on the interface problems and interactions within command and
control centers and is concerned with such areas as user-oriented systems,
software development, information manazgement, staff operations and pro-
cedures, decision support, and systems integration and utilizétion.

One area of special research interest jinvolves the design and eval-
uation of procedures to increase efficiency and accuracy of user-computer
interactions. Advances in user-approachable systems would reduce errors,
increase input rates, and provide for well-structured outputs to help
realize the potential benefits of automation for cozaanéd and control
applications. The present research evaluazted the potential benefit of
generating abbreviations in a systematic manner and inforzing operators
about the system. It is part of a continuing effort to provide the comzand
staff with efficient vocabularies, message structures, and “"natural” lan-
guage elements for interacting with battlefielé autozated systems. Such
research provides techniques and methods which can be incorporated into
plans for Army-wide automated systems.

As a result of this research project, guidelines for improved "user-
oriented” abbreviations will be available to the designers of battlefield
automated systems. This will improve the performance of the svstez and
eliminate a simple but potent source of operator frustration ané system
error. Together with other human factors projects designed to izprove the
operator-computer interface, the working enviromnment for the soldier/
operator will be tremendously improved.
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ABBREVIATIONS : IMPROVING OFZRATOR PIRTORMANCE ON BATTLEFIELD AUTOMATED
SYSTEMS

BRIEF

Requirements:

To improve the design of abbreviations so that thevy zre easy to remem-
ber and to use. Poor abbreviation performance can usually be attributed to
the absence of a systematic relationship between words and their abbre-~
viations. This forces people to rely upon rote memory in order to perform
the task. That is, they have to learn every abbreviation as well as its
association to a word. But if the abbreviations are generated by a simple
rule which people understand, then the memory loaéd is greatly reduced.

Procedure:

Three experiments were performed to iuvestigate: (1) people's sub-
jective rating of abbreviations; (2) their ability to encode words; and (3)
their ability to decode abbreviations. In the last two experiments,
participants were told the rule used to generate the abbreviations.

Each experiment considered four variables: abbreviation technique
(truncation or contraction), abbreviation length (fixed or variable), the
effect of incorporating endings (ING, ED, and S) into ebbreviations, and
the effect of intermixing abbreviations which were generazted by an abbre-~
viation rule with those which were not (deviants).

Findings:

Rating Experiment. Subjective ratings of abbreviatiocns 2
tion abbreviations to be slightly preferred over truncs:zioz attreviatiocns.
On the other hand, there was no preference as to a:ttreviazioz lenzth.
Also, participants had no preference regarding whether or zo: ac endizz uas
incorporated into an abbreviation. As for abbreviations 2 2
they were rated higher than abbreviations generated. i:z. a:z
manner. )

Encoding Experiment. When participants knew the at:treviazzion rules,
truncation abbreviations were easier to produce than cozzrac:zion abbre-
viations. 1In addition, it did not matter if the abbreviaiiozs were fixed
or variable in length. But performance was poorer when eadings had to be
incorporated into abbreviations. As for terms whose a>breviasiosas were
deviant, their presence did not affect the encoding of terzs whizh fcllowed
a rule. However, terms having deviant abbreviations were =zzrkeé wi:zh an
asterisk. Finally, the encoding of terms whose abbreviatioas Zfollowes a
rule was superior to the encoding of terms whose abbreviazions éid not.
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Decoding Experime:z:. whez participants knew the abbreviation rules,
there were no masjor Zillerezces in the ability to decode abbreviations
generated by the truzmcation ané contraction technicues. Truncation,
however, was superior in the presence of abbreviations which did not follow
a rule. Also, the spelling of a word decoded Zrox a truncation abbre-
viation was more likely to be correct thaa one decoded from a contraction
abbreviation. As for abbreviation length, variable length abbreviations
were decoded more often than fixed length ones but the former were also
longer and that probably accounts fcr the éifference. with regard to
the method used for incorporating endings iato abbreviations, it did result
in making those endings easier to decode. Finally, rule generated abbre-
viations were decoded more often than were deviant abbreviations.

Utilization of Findings:

These experiments are the last in a series of experiments designed
to determine what are good abbreviations for use on battlefield automated
systems. As a result of this series of experiments, a final report is
being prepared to present system designers with recommended techniques for
generating abbreviations. However, an interim set of guidelines is pre-
sented at the end of this report.
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ABBREVIATIONS: IMPROVING OPZIRATOR PERFORMANCE ON EATTLEZFIELD AUTOMATED
SYSTENMS

INTRODUCTION

Abbreviations are universally emploved fo expecdite data entry and
reduce the space (field) occupied by a message. however, when abbrevi-
ations are hard to remember, work slows, errors increase, and operators
become frustrated. Although these problems are undesirable under any
circumstances, poor abbreviations can be more thaz an inconvenience in
battlefield automated systems. Figure 1 shows a screen display proposed
for the Tactical Operating System (TOS), a prototype command and control
system of the 1960's and 1970's. As is readily apparent, an operator
could neither enter nor extract. information from the TOS dazta base without
a good grasp of the abbreviations used on the system. And given that
the operator of such a battlefield automated syster zight be under fire,
on double shift, or a recent replacement, the probability is high that
he will fail to remember some of the abbreviations. {More discussion
‘of data entry on battlefield automated systems can be founé in Alderman,
Ehrenreich, and Bindewald, 1980).

. This report represents part of a research prograr uadertaken to
discover how abbreviations should be comstructed. The remainder of the
program is presented in Moses and Potash (1979) and Moses, Meadez, ané
Ehrenreich (in preparation). Together, the research presenteé in these
reports are the basis for developing guidelines for better operator-
oriented abbreviations. Some guidelines appear in this report, but a

. last report (Ehrenreich, in preparation) will present the inforzation in a
form suitable for direct application by Army system desiganers.

BACKGROUND :

All abbreviation techniques are not equally effective ezl z nuzber
of factors must be weighed in selecting among them. If zbbreviziions
are used primarily to facilitate data entry, the user/operatcr zeeds
only to encode words (i.e., convert them into their abtbreviations) prior to
typing them. But, if abbreviations are used to reduce messzze spzce, then
operators must decode the abbreviations (i.e., transizte thex izt
to understand the message. Abbreviations that are easr zc Zecode zay not

be easy to encode.

LAl
et

Another factor which may influence the choice of az a:
technique is the number of words which are to be abbreviz
ample, command languages {languages used to execute a pro
niently, e.g., job control languages, text editors) typicalil
vocabularies. On the other hand, query languages (Ehrexnreich

L] " U

'.,i.'
R

'_'\-.‘

LA RN

AT, T VLS

‘- LI e

Tt e e T . . LT - . -
- ‘."1. " 2\“-.{.#.".-.: L et e T e e e e - . N e o - . = “




T 16961 18160y (914 LBIY (1Y "ON SIIN) 12 DON Yo wasoy [eanmgaa] Awseoge]
Yipasay] dOUBIIG (RIOIALYIG AULIV S) WA CLPUEXI[Y  HUSUOIGOT ety de jo HEHUSSISSYy QUYL 0 WOI LMD IRSU) Y| GG
W T APUSYIOp pue p g ‘adeyy C( T aoyeg woly HOYL) WIBISAS G() L {1 BO PISH SUOIIADIGYE U JO atos humoys Avpbsip opdung 3 aab

RN B B N I \ T \Om__m—wm/\a_om LI \>Q..Quzu.—.z.m

¢ | S S A N A A A A Mt B | \oo.-n\ | AL D A Y B R B A A \ EON—%\ usd\znb uz-...-“
)l m [0 F S TR AR R A S R B N A N N R l.\ o.p.l.ﬂmam:(mlj

e — e rrrht bt/ 3dAL-H08NS

A e e L | T, Pugay Y S R R R A D R Sy R

T/ NoIN T /4093w ¢ 7" HoNvuig
. l|ul7|q-.4~|4~ u&*.—um._._ﬂ.iq .‘\. .J.«._\ZOI—NIOU

2444 ~ 100/ NOYIHII/O-M/

) Tt T T V1T 7T 17T 7T 77 7T 7V 7 7T 7 T 7T 71777
| : 7 1IN

SH1950 - Q8MS NO 01/

- | —_— [ \ T w#\koun_.._u ~189

A S P e e e e e
-t et <. L A A R .

‘N-v/0-¥/.

P S Al A

AR AN - = - AR A AN = ) A
” VARVART - JYANMYAL )T ha
; ] AAVARMNYAR TR ARAYANMAYARY )
| ol /WdZHEAHLY T /T HIAN O]
: t /T /wodHanpmt T /T JHAR-TIEHN
”__ RAVARNYAS T T MY
_. P/ T dodsuadt T /T T SHAd

YA AT

( AM3NO SNLVLS L1INN) O |
NOILYWHOAN! LINN AVAON3IINS PIrIN




. - - . T, W Ty _ v T T T e e Ay LW E TR TN W TN T ey
> Mo AT TR T T WOV TN -?~=~"~’<‘.'<~.'~.-_-,-_~_-‘ el it SRt Sttt S et e Tt it M i St favn S Iet Shew Seve Aois )
e T e e T T R TR TR T T e e

TN T Y

fill-in-the=-blank (i.e., fcro=filling) dizlogues may have over a hundred
words in their vocabularies. An abbreviation technicue that is suitable
for a small vocabulary mav no:t be suitable when the vocabdbulary is large.
The technique of "mirnimuc—to-distinguish™ (also called "command completion”
and "autocompletion”) is an example.

Under the system of minimum—~to-distinguish, &n operator enters only
the first few letters of a word. But enough lietters must be entered to
make the abbreviation unique. For vocabularies containing ten words, the
first one or two letters of a word will usually suffice. But if a vocab-
ulary contains a hundred words, then the number of initial letters that
are needed will vary greatly from one word to another. Thus, minimum-to-
distinguish requires that operators learn how many letters are needed to
abbreviate each word.

Still other factors which must be considered in choosing an abbre-
viation technique are operator training, experience, and frequency of
interaction (i.e., how often the operator uses the svster &nd its abbre-
viations). Most any reasonable abbreviation technique will suffice for
experienced operators who are constantly working with the system. But
when operator turnover is frequent as is true for military systex
or if the system is desigred to support non—-dedicated users, the shortes;
abbreviations might not be the best.

Finally, speed-accuracy and space~-accuracy trade-offs should be
considered. For instance, the longer an abbreviation is (and thus the
more space it occupies), the greater the likelihood that it will be
interpreted correctly. Likewise, the more letters that an operator enters
when using the minimum-to-distinguish technique, the greater the likeli-
hood that the abbreviation will be unique and therefore acceptatie.
However, this increase in accuracy occurs at a cost in the nuzber of keyv
strokes and the amount of space occupied on the disglay.

There are numerous techniques used to gemerate user-orie
viations. These include techniques for producing abbreviati
phonetic approximations of the original words (Schneider, EZ
Nudelman, 198l1) and techniques for producing "natural” zbtrev
(Ackroff and Streeter, 1981; Streeter, Ackroff, and Tayler, I
- latter refers to abbreviations which are similar to the ozes
. for themselves. Still another abbreviation technigue caz de
McBride, Lambert, and Lane (1981). Their abbreviation alzcc:
- tively deletes the less "important™ letters in a word.
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" . The two most common methods for creating abbreviaticms zre =
- and contraction (Hodge and Pennington, 1973). The abbreviatict tec
v of truncation involves retaining the first few letters of & weri azd
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deleting the remainder. Moreover, the number of letters that are retained
may either be constant (fixec le:n g:b abbreviations), or it can vary
depending upon the leng:ih oI the ¢riginal word (varieble length

abbreviations).

In contraction abbreviations, some specified set of letters (usually
vowels) are deleted starting at the right endé of z worc and progressing to
the left. BHowever, the first letter of the woré is never deleted. (For
Hodge and Perrington, 1973, the last letter of the word is also always
retained.) Again, these abbreviations can be either fixed or variable in
length. The reason for deleting letters inm right to leit order is that for
some words, deleting all of the vowels might result in too short an abbre-
viation. An example is the word CREASE, whose contraction (vowels removed),
fixed length (four letters) abbreviation is CRES. EIxamples of abbreviations
formed by the truncation and contraction technigques are shown in Table 1.

A set of experiments by Moses, Mendez, and Ehrenreich (1980) compared
performance on abbreviations generated by some of these techniques. In
these experiments, participants studied 90 word-abbreviztion pairs (e.g.,
CAPTAIN-CPT), seeing each pair either one, three, or six times (repeated
items were not blocked within the list). Three techniques were used to
generate the abbreviations: truncation-variable length, contraction-
variable length (vowels and H, W, Y were removed), ané zbbreviations
proposed for Army use (these abbreviations followed no svstematic pattern).
For each participant, one third of the abbreviatiors were formed by each
technique and the abbreviations from the three techniques were randomly
placed within the stimulus lists. Thus, participants could not discern an
abbreviation rule when performing the task. The stimulus pairs were
individually projected onto a screen and each time that they appeared
parsicipants copied them using pencil and paper.

Following the study phase, participants were dividec in:zo groups. Oze
group was tested on its ability to encode all 90 words (produce the
abbreviation when given the word), while the other group was testel oz its
ability to decode all 90 abbreviations (recall the woré whez give: the
abbreviation).

For encoding, there was no significant difference beiwesen Arzy 23b
viations and truncation abbreviations, and both were sigznifizan:iy superior
to contraction abbreviations. Performance on the Arzy zal zruncstion
abbreviations ranged from 31 percent correct for stizmuli seex ozlyv caze
during the study phase to 62 percent correct for stimuli secez six tizes.
Decoding performance, however, showed no significant édiffereaces amcng
the three abbreviation techniques. Abbreviations which ha; beez seen only
once during the study phase were correctly decoded 70 percez: ¢ the time
and performance increased to 88 percent correct for stimuli that hai beex
seen s8ix times.

Poor encoding performance, as in the Moses et al. experizexnts, cax
attributed to the absence of a systematic relationship between words an
their abbreviations. This forces participants to rely upon rote meacty
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to perforz the task. Tha:t Is, they have to learm every abbreviation

as well as its associztiocz o a word. But if the abbreviations were
generated by a sizple rule which the participants understood, then the
memory load would be greatly reduced. Even for decoding, knowledge of the
abbreviation rule might help the participants ir reczlling the correct

word.

If knowing a rule helps participants to process abbreviations, then
the simpler the rule, the greater the benefit. bBut the sizpler the rule,
the greater the likelihood that it will prodace the same abbreviation for
more than one word. For example, when using the truncation fixed-length
rule to abbreviate TRANSLATE and TRANSPORT, the resulting abbreviation,
TRAN, is identical for both items. To circumvent this problem, some
abbreviations will have to deviate from the rule (i.e., deviant
abbreviations).

When deviant abbreviations occur, rote memorization is reintroduced
into the task. Even if a simple secondary rule exists for generating the
deviant abbreviations, users have to learn which words are abbrevizted
using the secondary rule. By default, all of the other abbreviations are
formed by the primary rule. Although the operator is still required to do
some learning, the amount of learning is small.

To determine the value of teaching operators abbreviation rules, three
experiments were performed (a pilot study is reported in Moses et al.,
1980). These experiments tested different rules to deterxzine their

" ease of use. In addition, the experiments examined the problem of deviant

abbreviations. Finally, a method for representing common word suffixes
(i.e., ING, ED, and S) was created and tested. The experiments did not,
however, investigate acronyms, e.g., "radar”, "snafu,” or the practice of
stringing together the initial letters of different words, e.g., "US4",

“I1BM".

EXPERIMENTAL APPROACH

Three experiments were performed to investigate (a2) peorle's sutijective
ratings of abbreviations, (b) their ability to encode wczds, azd (c¢) their
ability to decode abbreviations.

Each experiment considered four variables: abbreviaticz techzigue
(truncation or contraction), abbreviation length (fixec or variztle), the
effect of incorporating endings (ING, ED, and §) iato abtreviaticzs, axd
the effect of intermixing abbreviations which were generated b¥ az atire-
viation rule with those which were not (deviants). The saze desigzm was
used for each experiment and is shown in Figure 2.

Endings were incorporated into abbreviations by appeniing either & G,
D, or S, to those words having ING, ED, or S as a suffix. For zttreviztions
formed by the truncation technique, the first few letters of the woré were
retained as previously described, but then the appropriate suifix letter
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was added. A4 sizilzr zule Icrmed ab*revia:ions by the contraction technique.
This rule made abbreviatiozs ¢f words with the appropriate suffixes one
letter longer than abbreviatziczs of ecuzi length worgs without the suffixes
(see Table 1). Either C, 18, cr 33 percent of the abbreviations in each
condition incorporared eadings.

Deviant abbreviations did no: obey any of the four rules, i.e.,
truncation-fixed length (T-F), truncation=-variable leng:th (I-V), contraction-
fixed length (C-F), or contractioc-variable lezgth (C-V). Overall, these
deviant abbreviations were unsystematic though "reasonzble.” Deviant
abbreviations never incorporated endings, and abbreviations that incorporated
endings were never deviant. Whatever percentage of abbreviations in a list
incorporated endings, then an equal percentage oI other abbreviations were
deviant (e.g., if 33% of the stimuli incorporated en~.ngs, then another 33%
were deviant). Although the “"endings”™ variable anc the "deviation” variable
always co-occurred, they are quite distinctive. Thus, significant effects
found in the data could always be reasonably attributed to either one or
the other.

Each participant performed in only one of the 12 conditions and
remained in that condition throughout the three experiments (rating,
encoding, and decoding). Before performing the encoding and decoding
tasks, but not the rating task, participants were informed of the rules by
which the abbreviations were formed.

RATING EXPERIMENT

In this experiment, participants were shown word-abbreviation pairs
and asked to rate the "goodness”™ of the abbreviations. The abbreviations
were formed by either the T-F, T-V, C-F or C~V method. Participznts.were
not told about the abbreviation method. “In addition, some of the abbtreviations
incorporated endings and some were deviant.

Method

Participants. 1In response to a request for participz=zts, 1o zilitary,
enlisted personnel were assigned to the experiment. They came Iroz varied
backgrounds and occupational specialties. (Immediately gpricr te thi
experiment, the participants performed in a similar set cZ experiments
where they rated, encoded, and decoded stimuli without koowing the Tules
used to generate the abbreviations. This experimez: is no: reperied
here.)

Materials. A set of terms (e.g., PENETRATE, NUCLZAR HAZARD) used oz
military command and control systems served as a source of stizuli Zor
this experiment. To meet certain experimental requirements, scze
additional terms were added to this pool. All terms consistzed cf either
one or two words, each word being five letters or longer in lexag:th.

From the pool of terms, 16 lists were constructed; the purpose Zcz
having more lists than conditions is explained below. EZach list ccasisted
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of 72 terw~abbreviation peirs (e.g., PINETRATLZ = PENE). Wwhen a term
consisted of two words, eacsh word was abbreviated individually. The
abbreviation for the terz was thexz Icrzmec by joining.the abbreviations for
the two words with & space betweern thez (e.g., CIVILIAN ERIDGE - CIVI BRID).

Four lists were created by using one of the abbreviatior methods (T-F,
T-V, C-F or C-V) to forz all of the abbreviations ir & list. These lists
were labeled "(0)" since they contained no deviant abbreviations and no
abbreviations which incorporated endings (zlthougr soze of the words did
end in ING, ED and S).

Another four lists, labeled "(16A)", were crezted out the four (0)
lists. This was done by having endings incorporatec into percent of
the abbreviations and by making another 16 percent of the abbreviations
deviant. To assure the representativeness of the 16 percent condition, a
second set of four lists, labeled "(16B)", was created. These lists were
identical to the (16A) lists except that the terms having endings and the
terms with deviant abbreviations were different froz those iIn the (164A)
lists.

0

O

Finally, out of the four (0) lists, four lists labeled "(33)" were
constructed. In these lists, 33 percent of the abbreviztions were deviant
and another 33 percent incorporated endings. In both the 16 and 33
percent conditions, an asterisk always appeared alongside each word-
abbreviation pair containing a deviant abbreviation (e.g., *2ISPLACE-DISL).
Examples of the four lists (i.e., 0, 16A, 16B, anc 33) formedé by using
the T-F abbreviation method are shown in Table 2. Lists fcrmeé by the
T-V, C~F, and C-V methods were similarly constructed.

The 72-term-abbreviation pairs were typed on six pages. &Alonzside each
pair was a rating scale ranging from one to six. The digit one was
labeled "poor” and the digit six was labeled "excellen:z.” -

Procedure. Participants were randomly assigned to one oI 12 zrours,
with the restriction that 12 participants were assignei zo ezzh cf the
four (0) and four (33) lists, while 6 participants were assiznec te each

of the four (16A) and four (16R) groups.

Participants were instructed to circle a number on the wz:i sczle to
indicate how well each abbreviation represented its correspczii terxz.
In addition, they were told to remember the term=~abbreviz:zic:z fzirs because
they would be tested on them later. Participants were zc: iz el ol the
rules used to generate the abbreviations in their lists zzd w given

about 20 minutes to perform the task.

Results and Discussion
Within each list, there were three categories of stizuli: tercs where

the abbreviations followed a simple rule ("simple” stimuli), Z.e., T-%

T-V, C-F or C-V; terms having ING, ED or 8 as a suffix ("endizg” s:ticu
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and terms whose abbreviations deviezted froc the sizmple rules ("deviant”
stimuli). Note tha: l1ists (), (1%a&), (16B), ané (33) each had ending
stimuld although only the lz:tter three lists incorporated the endings into
the abbreviations. This is demonstrstec in the third row of stimuli in
Table 2.

Since lists (16A) and (16E) were sicilarly desizned, the data from
these two lists were pooled prior to the analyvses for the three experiments.
This is justified by the fact that eight ¢f zine independent t-tests
comparing performance between the lists showed no significant differences.

Figure 3 shows mean ratings broken down by stimulus categories:
simple, ending, and deviant. Each category has three factors: abbreviation
technique, abbreviation length, and percentage of szbbreviations which
incorporated endings and which deviated from the sizple abbreviation
rule (the same percentage for both). A three-factor analysis of variance
was performed on each stimulus category.

Rule Generated Abbreviations. For abbreviations formeé by a simple
rule (simple stimuli), those formed by the contraction techrigue were
rated slightly but significantly higher than those formed by the truncation
technique (3.93 versus 3.56), F(1,132)=5.57, p< .02. GHowever, ratings for
simple stimuli were not affected by either the length of the abbre-
viations or the percencage of deviant abbreviations (or abbreviations with
endings).1

Abbreviations Incorporatin Endings- The mean rating for abbreviations
that incorporated endings (ending stimuli) was higher with the contraction
method than with the truncation method (3.92 versus 3.34), F(1,88)=8.59,
< .01l. However, there was no significant difference due to zbbreviation
ength and participants rated equally abbreviations that incecrporated
endings (conditions 16 and 33) and those that did not (coznéition 0).

Deviant Abbreviations. Abbreviations which devizted ZIroxz the
simple rule (deviant stimuli) were rated higher when ther appeared in
a list of contraction abbreviations as opposed to & lis: cf truncation
abbreviations (3.60 versus 3.04), F(1,88)=8.09, p< .0l. This diifercence
is probably an artifact. Since contraction abbreviztiouns ware rzted
higher than truncation abbreviations, this could have produced a tias
towards higher ratings in the contraction lists. Abbreviztioa lezmgth
and proportion of deviant abbreviations had no significan:z elfect upoz
the ratings given deviant stimuli.

1 F ratios are not reported for main effects that were not stazistically

o) significant (i.e., p> .05). In addition, interactionms are zexztioned ozly
if they were statistically significant. Complete ANOVA czables zre reported
in Appendices A, B, and C.
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Rule Generated Versus Deviant Abireviations. For each of the eight
lists in conditions (it} and (33, devian:t abbreviations were rated
lower than rule generated ztbreviationms. Using & bimozial distribution

(i.e., sign test for matchel pairs), the probability of this occurring

by chance is p = .008, twe-tailed test. Thus, within a list of abbre-
viations generated by a simple rule, abbreviations that deviate from that
rule are not judged to be as "good”.

Summary. Subjective ratings of abbreviations founé contraction
abbreviations to be slightly preferred over truncation abbreviationms.
On the other hand, there was no preference as to abtreviation length.
Also, participants had no preference regarding whether or not an ending
was incorporated into an abbreviation. As for abbreviations formed by a
rule, they were rated higher than abbreviations generated in an un-
systematic manner. '

ENCODING EXPERIMENT

This experiment investigated the ability to encode words after learning
the rules used to generate abbreviations. After having studied the word-
abbreviation pairs during the rating experiment, participants were taught
the relevant abbreviation rules. In addition, participants in the
appropriate list conditions were taught how to incorporate endings into
abbreviations and were told that some abbreviations were deviant.

Method
Participants. The participants in this experiment were the saze as

those in the rating experiment. Each participant served iz the same
condition, e.g., T-F(0), C-V (16A), as he or she had serveé previously.

e

19 B X T o B

Materials. From each of the lists used in the rzting ex
half of the terms (but none of the abbreviations) were selec
in these terms were half of those having abbreviations which
endings and half of those having abbreviations that were deviz
new lists, each containing 36 terms, were created. Terxms whos
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had been the case in the rating experiment.

The 36 terms in a list were typed on four pages. alongsife each
term was a space in which participants could write the ccrrespcziizg
abbreviation.

Procedure. Participants were given written instructions ox how to
generate abbreviations (e.g., "Generate abbreviations by rezaizizg the
first four letters of a word . . . ."). The instructions were uzigue ze
the participant's condition (T-F, T-V, C-F, or C-V). For particizazcs in
conditions (16) and (33), the instructions also describec how eafizgs were
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to be incorporateé inzeo atbreviazions. 1In addition, these instructions
mentioned that some o the terxzs had abbreviations which deviated from the
simple rule and tha: each of these terms was marked with an asterisk. The
participant was told that the correct abbreviations for these marked (i.e.,
deviant) terms were the ones seen previously in the rating experiment.

To help them understand the instructioms, participants were given practice
terms to encode. After completing the practice, they were tested on their
ability to encode 36 items. During the test, participants were allowed

to refer to the written instructions describing how to generate abbre-
viations. Participants were given approximately 20 cinutes to read the
abbreviation rules, perform the practice trials, and coxplete the test.

Results and Discussion

The encoding task was analyzed in the same manner as the rating
expetiment.2 Figure 4 shows the mean percentages of correctly encoded
terms.

Rule Generated Abbreviations. For terms to be encoded using rules
(simple stimuli), encoding performance was significantly better with the
truncation technique than with the contraction technique (.87 vs .64),

F(1,132)=26.56, p< .001. This can be attributed to the fact that trun-

cation is a simpler rule than contraction. In contraction, the partici-
pants must distinguish vowels from consonants while in truncation, the
participants need simply count off the first few letters. There were no
significant differences due to abbreviation length or proportion of terms
with deviant abbreviations. Although none of the two-way interactions
were significant, there was a significant three-way interaction,
F(2,132)=3.69, p< .05. The interpretation of such an interaction is

. unclear.

Abbreviations Incorporating Endings. When endings were Izcorporated
into abbreviations, encoding performance was marginally better wi:th
truncation than with contraction (.62 vs .52), F(1,88)=3.£3, p< .il.
However, it was easier to ignore a word's ending (.72 correct in condition
0) than it was to incorporate it into an abbreviation (.37 ccrreczt in
conditions 16 and 33), F(2,132)=4.62, p<. 02. Finally, when eacoling terzs
with endings, there was no significant difference due to abbreviatio:n
length.

l-

Deviant Abbreviations. Analysis indicated that periorzazzce £id nct
depend upon the proportion of deviant abbreviations in the l.s., cr upon
the length or technique used to abbreviate the other terms iz zhe list.
There was, however, a significant three-way interactiom, ¥(1,88)=7.C3, »<
.01.

[

2 The encoding and the decoding experiments were analyzed using both

raw scores and scores transformed by the arcsin transformatiozn. For &wo
interactions, an effect that was barely significant using the raw scoTes
was not significant using the arcsin transformarion. These two inter-
actions are thus not reported. The statistics reported in the paper are
based on the raw scores.
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for all of the eight
were better at encoding

Rule Generzted l:rsus Devian:t Al io
lists in concitioms (.%) aac 2 an
terms whose abbreviations follow han ir producing abbreviations
that followed no rule. (This &I ence can be reasonzbly attributed to
knowledge of the rule ané no:z ¢ rthographic or other differences between
the two sets of abbreviations. See General Discussiocn.) Using the binomial
distribution, the probability of this occurring by chance is p = .008,
two-tailed test.

1S .
s
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Summary. When participants knew the abbreviation rules, truncation
abbreviations were easier to produce than contraction abbreviatioms. In
addition, it did not matter if the abbreviations were fixeé or variable in
length. But performance was poorer when endings hac to be incorporated
into abbreviations. As for terms whose abbreviations were deviant, their
presence did not affect the encoding of terms which followed a rule.
However, terms having deviant "abbreviations were marked with an asterisk.
This will be discussed again later. Finally, the encoding of terms whose
abbreviations followed a rule was superior to the encoding of terms whose
abbreviations did not.

DECODING EXPERIMENT

The final experiment investigated the ability to decode abbreviations
when the rules used to generate the abbreviations are known. 4lso examined
was the performance on both deviant abbreviations and abbreviations
which incorporated endings.

Method

Participants. The same participants performed in the decoding
experiment as had performed in the prior two experimez:ts. Zzczh participaznt
served in the same condition as he or she had served previgusliv.

Materials. Each list used in the rating experiment had rreviously
been split in half (see Encoding Experiment). The presect experiment
utilized the half lists not used for the encoding experizez:t. OUzlyv the
abbreviations (and not the terms) from these half lists were used.

For each of the 16 conditions, a list of 36 abbreviatiozns wzs Zcrmed.
Each list contained the appropriate percentage of abbtreviaziczs which
incorporated endings and the appropriate percentage of deviaz:t attreviations.
Deviant abbreviations always appeared with an asterisk beicre thez (e.g.,
*DISL). The items used in the decoding experiment were cifferez:z Zroz the
items used in the encoding experiment. All items, though, hac azpeareé in
the rating experiment.

ey,

S e I
et et S

The 36 abbreviations for each list were typed on three pzzes
side each abbreviation was a space for writing the term represex
abbreviation.
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Procecdure. PFarticisacz:is were given approxixzately 15 minutes to decode
the words. Participaznts re:zzined the instruction sheets given to them in
the encoding experime=zz, which cescribel the rules Icr generating abbreviations.

Results and Discussion

Responses were scored in two wavs. One method, strict scoring,
considered a response correct orly if it was identical tc the word seen in
the rating experiment. The second method, liberzl scoring, considered a
response correct even if it was misspellied or if it contained a different
ending (e.g., ING, S, ED). As an exacmple, consider the abbreviation PENE
which had been paired with PENETRATE in the T-F condition during the rating
task. If the participant's response to this stizulus was PILATRATES, the
response was marked incorrect under strict scoring and correct under
liberal scoring.

The decoding data were analyzed in the same manner as the date in
the previous two experiments. Figures 5 and 6 show the zean percentage of
abbreviations that were correctly decoded using liberal aaé strict scoring,
respectively.

Rule Generated Abbreviations (Liberal Scoring). Using liberal scoring,
truncation and contraction abbreviations were decoded ecuzlly well (.63 and
+59, respectively). Additionally, the ability to correc:ilyv decode a rule
generated abbreviation did not depend on how mary deviant abtreviations
appeared in the list. However, variable length abbreviations were slightly
easier to decode than fixed length ones (.65 versus .57, respectivelv),
F(1,132)=8.21, p< .0l1. This can be accounted for by the fact that variable
length abbreviations had as many or more letters than corresponding fixed
length abbreviations.

There was also a significant interaction between the rule used to
generate abbreviations and the presence of deviant abc:ex;a: cus,
F(2,132)=4.77, p< .01. Performance on contraction abbreviz:iicns was superior

ns devian

to performance on truncation abbreviations when there were
abbreviations in the list (.68 versus .62 correct for lis:s .
situation reversed for lists containing deviant abbrevizticzns (
.68 correct for lists 33). Thus, truncation appears tc be & de
viation technique when deviant abbreviations are preser:.

| Y O e B

Rule Generated Abbreviations (Strict Scoring). Whe:x ;
rule generated abbreviations was analyzed using sctrict szcroi
significant effects described above were again founé. Eows
scoring, there was a statistically significant effect cuse

technique. Overall, abbreviations formed by truncatioc were easier =
decode than abbreviations formed by contraction (.54 versus .<%),
F(1,132)=4.53, p< .05. This slight superiority of truncatioz arpsars to
Tesult from the fact that it is easier to correctly spell z word whez given

its first few letters as opposed to its first few comsoznazzs. wne:
spelling, people may be more likely to err on a vowel thaz oz z ccoznsc <
as the former are less distinctive. Since truncation atbrevizzisns contein
vowels, words decoded from them would more often be spelliec ccrrez:lv.

- 17 -

. e Sl . .
PR WP A WY A e & Cm s a e -




AT Te T SN NN AN AR R i A i st i sl G ML it s ot e Suas ean B - ——rp

DECIDING TASK (LIBERAL SCORING;
SIMBLE STIMUL!

70 p=

]
|

PERCENT CORRECT
8
{

T-F C-F
ABBREVIATION TECHNIQUE ANZ _ENG™~-
ENDING STIMUL!
- SO 5
c 0p §2
; %
O 60 L 7
(=N
z :
) 50 -t s
g 5
a 40 b= ]
A ] B &
JI; : 3
T-F T-v c.= c-v
ABBREVIATION TECHNIQUE &ANZ _ZN\Z7=~
DEVIANT STIMULI
' G 50
L w
i_:,'- 5 r .
.__‘z o 40 - ' E;
o .
o z 0 B -
., 8 .-
14 £ 20 i
3 & % ¥
D) 10 &
B / o
-\' f‘.ig
e T-F Cr o
L] KEY ABBREVIATION TECHNIQUE AND LENG™=
‘:: = CONDITION 0% = CONDITION 16% E " = CONDTION 1%
. Figure 5. Mean decoding performance (libera! scoring) by abbreviation technique, abbreviation lenger,
:'; and list condition (i.e., percentage of abbreviations that are deviant anc tnat incoroorate eng:ngs.
g S -

v
i I T N N . I S L S P .




PERCENT CORRECT
&

70

3

PERCENT CORRECT

20

10

PERCENT CORRECT
8

10

Pl BRI AR . S L Y e Y R B e A Bt S s Rl "—"”"‘-T

DEZTOING TASK (STRICT SCORING)
SIMPLE STIMULI

Cc-v
ABBREVIATION TECHNIQUE ANZ LENGT=

= ENDING STIMULI

ABBREVIATION TECHNIQUE AND LENZT=

DEVIANT STIMULI

T-F T-v C-F
ABBREVIATION TECHNIQUE AND LENGT=

)

KEY

= CONDITION 0% //‘ = CONDITION 16% E ~ = CONDITION T2%

Figure 8. Mean decoding performance (strict scoring) by abbreviation technique. aboreviation ienzt,

and list condition (i.e., percentage of abbreviations that are deviant anc ma: incorporate enc:ngs..

-19 -




To probe this hvpothesis, spelling errors Zrom a smzll subset of the
decoding dzta were exaxinec. It the contractior conditions, there were six
times as masy errors imvolving vowels as consonaznts. The corresponding
ratio was only one to ome it the truncatiorn conditions. :

Relationship Between Decoding Performance anc Rating Scores. In
order to determine how well & participant's rating of a term—abbreviation
pair correlated with his or her ability to decode the abbreviation, 2 x 2
contingency tables were createc. A separate contingency table was
constructed for each participant in condition (0) (thus only rule generated
abbreviations were comnsidered). Ome axis of the table divided decoding
responses into correct and incorrect. The other axis divided ratings
(taken from the rating experiment) into "high™ and "low". A high rating
was defined as above the mean rating given by that participant. For each
abbreviation that a participant had to rate and decode, an entry was made
in the contingency table. Contingency tables in which the marginal sum of
any individual column or row was less than four were not examined, as the
data were unsuitable for computing correlations.

Two correlations were computed for each participant: the phi coefficient
and the tetrachoric coefficient. The latter coefficient has the advantage
of being less sensitive to how a variable (i.e., high-low rating) is
dichotomized. However, it also has a relatively high standard error
(Guilford, 1950, p. 332-339). From the individual correlation coefficients,
a median was computed for each list condition. This was done separately
from strict and liberal scoring and with the phi and tetrachoric coefficients.
Not one of the medians for any condition exceeded 0.4. Thus, a participant's
rating of an abbreviation is not a good indicator of whether he or she will
decode it correctly.

Abbreviations Incorporating Endings. The ability to decode abbre-
viations incorporating endings (ending stimuli) was analvzed using strict
scoring only. The results show that truncation abbreviations zre correctly
decoded more often than contraction abbreviations (.58 versus .4%),
F(1,88)=6.04, p< .02. As discussed above, this is probably due to the
spelling assistance provided by the presence of vowels in trurczczion abbre-
viations. The data also show that in decoding abbrevizsions tha:t iacorporate
endings, participants are much more likely to correctly produce the ending
of a word (.52 correct in conditions 16 and 33) than whexz decodizg abbre-
viations that do not incorporate endings (.12 correct ir condizisz O),
F(2,132)=52.21, p< .00l. Thus,-the-system for incorporztizg eaniings iz
abbreviations is effective during decoding although it was derrizental
during encoding. However, there was no significant effect due tc abbre-
viation length.

Deviant Abbreviations (Liberal Scoring). Decoding perfcrzmazcze ot
deviant abbreviations improved as the proportion of deviaz:t gkt

ccrev.éctions
in the list increased, F(1,88)=9.71, gﬁ +0l. Thus, deviaa:r zthreviztioans
in lists (33) were correctly decoded 42 percent of the time while :

(16), the score was 29 percent correct. The greater experience wich
processing deviant abbreviations in condition (33) probadly azzoum:

this superiority in performance. There were no other sigmiZfi
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Deviaat Abbreviatiocns (Strict Scering). The effects reported for
liberal scoring were e-sc Zound for strict scoring. In addition, there was
N

a significant interaction betweer the abbreviation technigue used on the
rule generated abbreviatioms in the list and the proportion of deviant
abbreviations, F(1,88)=5.55, p< .C5. 1In comdition (if), deviant abbre-

~viations within contraction lists were easier to decode than those within

truncation lists. The opposite was true Ior condition (33). The inter-
pretation of this interaction is uaclear bu:z it appears to be related to a
similar interaction reported earlier for rule genera:ed abbreviations.

Rule Generated Versus Deviant Abbreviations. For each of the eight
lists in conditions (16) and (33), rule generated abbreviations were
correctly decoded more often than were deviant abbreviations. This was
true for both strict and liberal scoring. Using the binomial distribution,
the probability of this occurring by chance is p = .008, two-tailed test.
Thus, abbreviations formed by rules were easier to decode than abbreviations
for which there were no rules.

Summary. When participants knew the abbreviation rules, there were
no major differences in the ability to decode abbreviations generated by
the truncation and contraction techniques. Truncation, however, was
superior in the presence of abbreviations which did not follow a rule.
Also, the spelling of a word decoded from a truncation abbreviztion was
more likely to be correct than one decoded from a contraction abbreviation.
As for abbreviation length, variable length abbreviations were decoded more
often than fixed length ones. But the former were also longer anc that
probably accounts for the difference. With regard to the method used for
incorporating endings into abbreviations, it did result in making those
endings easier to decode. Finally, rule generated abbreviations were
decoded more often than were deviant abbreviations.

: GENERAL DISCUSSION
Teaching Operators the Rules

These experiments studied abbreviation performance whexz particzipants
knew the abbreviation rules. This can be contrasted to the “oses e:
al. (1980) experiments in which participants had no kaowleige cf the
abbreviation rules. For encoding, the best performance tha: ther Icund was
62 percent correct for truncation-variable length abbreviaticns zfter six
exposures to the stimuli. 1In comparison, the presern: emperizsxn: found
81 percent correct with the same abbreviation technigue anc az evez dez:zer
92 percent correct for truncation-fixed length abbreviazioszs (¥

did not test the latter technique). This result confirms that attreviaztions
formed by a simple rule are easier to encode when operators k=ow the rule.
The advantage of knowing the rule can also be seen whea cozpazing

rule generated to nonsystematically generated (devian:t) atbreviatizzs.
In the Moses et al. experiments, truncation-variable leng:h abtreviaztiozs
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- were no better tham Arzy attreviations, which are nonsystematic. The

: same two sets of abbrevietions were tested in the present experiments where
participants knew the rules. Here, the truncaticr=-variable length abbre-
viations were easier to eacode than the nonsvstematic ones. Thus, the
improvement in performance is due to the participazt's knowledge of the
rules and not to orthographic or other differences in the stimull themselves.

PRI
0"'

"l.
e

However, knowledge of the abbreviation rules éid not facilitate
decoding. In the present decoding experimen:t, performance on both truncation-
variable length and contraction-variable length abbreviations was about 66
percent correct. In the Moses et al. experiment, where participants did
not know the rules, participants also performed equzlly well on these
techniques, with performance ranging from 70 percent correct after ome
exposure to the stimuli to 88 percent correct after six exposures. This
better performance might be due to the fact that the Moses et al. variable

& length rule created longer abbreviations on the average. In addition, the
ﬂ study phase for the two experiments were differeat as were some other
Ny factors.

There was one important decoding difference in the results reported
by the two experiments. Moses et al. found no differences in decoding
- performance for rule generated and nonsystematically generz:ted abbreviations.
o However, the present experiment found deviant abbreviations to be at a
distinct disadvantage. Thus, the participant's knowledge of rules might
interfere with his or her ability to decode abbreviations which do not
follow the rules.

Choosing an Abbreviation Rule
The present experiments found truncation to be the better zbbreviation

technique. This was quite clear in the encoding task and marginally true
in the decoding task. But the superiority of truncation over coztrection

= might be even greater outside the laboratory. 1In the zbove experimexts,

;:- participants had ample time and no distractions. Also, they saw each word
» instead of hearing it or mentally conceiving it. But mos: working environ-—
N ments are not so favorable. Contraction is a relatively éiffizult rule to

apply as compared to truncation. If operators had to apply it o words not
written on a piece of paper, or when under heavy stress, then the difference
o in performance between truncation and contraction would prodsbly de even
greater. However, as operators became more experieanced, "this ciffereace

. would diminish.

- . Likewise, other experimenters have reported truncation abbreviaticas
to be equal to or superior to abbreviations formed by other technigues.
Moses et al. (1980) and Moses and Potash (1979) report this for bos:th

. encoding and decoding for participants who did not koow the rulss.

- Likewise, Schneider, Hirsh-Pasek, and Nudelman (1981) repor: the sazme Zfcr
- encoding but not decoding. Using response time measures, Rogers zac

o Moeller (1981) found that with practice, truncation abbreviatiocas are
decoded faster than nonsystematically generated (Navy) abbreviations.
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Despite the appzrext supericrity of truancation, a potential dis-
advantage revolves arouné the cuestion of how maay achbiguous abbreviations
are produced by the trunczatiorn tezhnicue (Ehrenreich, in preparation). 1If
there are many ambiguous abbreviations, then operators would be forced to-
learn numerous exceptions to the rule. - Tne inheren: limitations of a
single abbreviation rule are further discussed below.

Although the presen:t encoding experiments exposed no preference
for fixed length as opposed to variable length abbreviations, this finding
is probably not valid outside the laboratory. 1In the zbove experiments,
participants saw the words written out and this zight not be the case in a
working environment. Since the variable length abpreviation method requires
that an individual correctly count the number of letters in a word, it
would probably lead to more errors than the fixed length method. It thus
seems wiser to use fixed length abbreviations, particularly in situations
wvhere users are taught the abbreviation rules and where encoding performance
is important.

The last issue examined in these experiments was the ability to
incorporate endings (ING, ED and S) into abbreviations. Tnis was done by
adding either a G, D or S, as appropriate, to the end of an abbreviation.
Performance with this technique was mixed. Although participants were more
apt to correctly represent the ending when they decoded abbreviations, they
vere also more likely to err when encoding a word which had an ending.
Unless it is crucial to the understanding of the message, it seems wiser to
not incorporate endings into abbreviations. 1In many instances, extra space
will have to be reserved on the screen and in computer memory to allow for
the few instances where endings are important. In addition, use of endings
will complicate the abbreviation rules the users must learn. Therefore,
when there are only a few words for which endings are criticel, it would be
better that these words not be abbreviated.

Limitations of a Single Abbreviation Rule

A single rule sometimes generates the same abbrevizticz for éiZferesnt
words. When this occurs, a way must be found to disazbiguzte che aitbre-
viations. One solution is to apply a second rule. Foy exzc-;le, the

viation rule for a list of words which include PROVIDE aaf FRIVIIE. But

the abbreviations produced by these two words are idenzizzl, i.e., PRIV, A
second rule, e.g., contraction-fixed length, could ther be usei & abhreviate
these few words.

But using two abbreviation rules places a memorv loacd oz opers:icrs.
They must learn which words are sbbreviated by the secoziary rule. 3v
default, all remaining words are abbreviated by the prizary rule. If the
nunber of words abbreviated by the secondary rule is szzll, thez :this
elimination process would not be too difficult. In aay cese, the azosunt of
learning required by this technique 1s much less than the azouz: ci learzing
required when a unique abbreviation for each word must be lezrmed.
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One way to helr the cperz:icr remezber which abbreviations were formed
by a secondary rule Is Iz zmark thez. 1o the above experiments, an asterisk
was placed before those atbreviations that were not generated by the
primary rule. Likewise, compu:ter soltware carc be designed so that an
asterisk appears before such abbreviations. Thexz, when users encounter
abbreviations that they must decode, they will know by what rule it had
been formed.

However, there is no practiczl method Zor mecking words to
indicate how they are to be encoded. Wher an individual is tasked with
entering a statement into a computer, he or she must decide whether the
primary or secondary abbreviation rule is appropriate. This decision can
be made by looking up the words in a manual or by having previously
learned the information. In the encoding experiment, the Information was
artifically affixed to the word by attaching an asterisk. Thus the experi-
ment does not really tell us how successfully operators can learn to use a
primary and secondary rule when encoding words.

The problem created by using a secondary rule can be minizized by
judiciously avoiding words which have identical abbreviations under the
primary rule. Although it may not be possible to eliminate &all such words,
their number can be kept small by replacing thex with synonyms. This
is not to suggest that words strongly embedded in the operator's job
related vocabulary should be arbitrarily changed. But inscfar as a vocabu-
lary is being established for use on the system, some leeway in the choice
of words is bound to be present. This would minimize the amount of learning
required of the operator.

Looking back at the high performance observed in the encoding experiment,
one can see that it is an overestimate of what to expect in a reazlistic
situation. Since deviant abbreviations were marked with az asterisk, the
observed encoding performance represents at best what might be expected if
an individual had perfect knowledge of which words were o be abbreviated
using the simple rule. For less skilled users, this would z=o: be true aad
encoding performance would be lower. (Further discussioz cf this zztter can
be found in Ehrenreich, in preparation.) The same statezez=:t is zc: true for
the decoding performance observed in the experiment. It is legizizzze to
assume that the system can be programmed to show deviaat etbreviazions with
an asterisk or other marking.

- There are other solutions to the problem of a single rule

" gezeraticg
}}} identical abbreviations for different words. Ome possitilicr s o the
}?L operator to type only as much of the initial portion of the wczd es is

{Jj needed to uniquely identify it (i.e., the minimur—to-distizguish technigue
i~ described previously). For example, i1f TRANSPORT were the ozlyr wcrzd

et beginning with a T, then the operator need only type T tc exter the wcrd.
'uj However, if TRANSLATE were-also in the computer's lexicoz, the:z as a

{:, minimum, TRANSP would need to be entered to uniquely iden:ziiy the word.

E}j This 18 equivalent to a truncation-variable length rule but wi:th the

b length depending on the orthographic uniqueness of a word. 3Bu: the zizizuxm-to-
ii distinguish technique also places & memory load on the operator whc has

0
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s zmust be entered for each word. Thus, this
wback as the techrnique of using a primary and
word

to remember nhow mazy let s
< ba
ords being abbreviatec, the greater the like-~

technique has the same <ra
secondary rule. The morTe

lihood that some will have their first few letters in common. The question
then is, which systez results in faster learning eanl longer retention by
the operator? Further cormparison of the above two techniques can be found
in Ehrenreich (in preparation).

Another possible solution to the protlez of azbizuous abbreviations
is to assure that they always occur in mutually exclusive modes of
operation.3 For example, the abbreviation C can rerreseat either the
COPY command or the CHANGE command. But since COPY might occur in the
job control mode while CHANGE occurs only in the text edit mode, this
sameness of abbreviation presents no practical preblexz. Likewise, even in
the same operating mode, it is possible for two words to have identical
abbreviations and yet be so syntactically and semantically disimilar that
they can be disambiguated by the contexts in which thev cccur. 1In a query
language situation, where the number and variety of perzissible sentences
is large, programming such a capability may invclve a greater investment in
software than is warranted by the problem. But the situation mav bde
different when the operator is filling-in-the-blanks on a2 "fora" being
displayed on the video display terminal. BHere, the exchange between
operator and computer is restricted and words with identical abbreviations
might only occur as responses to different questions. Iz such czses, the
system can easily identify the correct meaning of an abbreviation since the
alternative is not a permissible option. Thus, identical abbreviations may
be acceptable, eliminating the need for a secondary abbreviation rule.

Guidelines

Based upon the preceding discussion, a set of guldel*nes ere presented
in Table 3. These guidelines are an extrapolation, in prasticazl terzs, of
the results from these and other experiments on abbreviaticos.

The basic premise of these guidelines is that operators can work
with abbreviations more effectively if they understani how thev were
created. One way to effect this knowledge is to genera:te attreviztions via
a primary and secondary rule. The primary rule is used to zbtreviete the
great majority of words and the secondary rule is useé as a dzckuc.
Mzny forms of primary and secondary rules can be suggested; Icr exzc-ple,
truncation~fixed length as a primary rule and corntractioo-Iixed lezgth
as a secondary rule. In fact, the minimum-to-distinguishz rule is sizply

a primary rule with a reiterative secondary rule, i.e., prizacy Tule=-
use the first letter of a word to abbreviate it; secondary rule——if the
abbreviation is not unique, add another letter (repeat seconiz:sy Tule &s
necessary).

3 This consideration was brought to my attention by Robert Scli:ck.
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GUIDZLINZS TOn GINIRATING ABBREVIATIONS

l. A simple, primary rule should be used to generate abbreviations for
most items and a sizmple, secondary rule usec for those items where
there is a conflict.

2. Abbreviations generated by the secondary rule should have a marker
(e.g., an asterisk) incorporated into thec

3. The number of words abbreviated by the seconcary rule should be
kept to a minimum.

4. Operators should be familiar with the rules used to generate
abbreviations.

5. Truncation is an easy rule for operators to work with but it may
also produce a large number of identical abbreviaticns for different
words.

6. Fixed length abbreviations are preferable to variable length omes.

7. Abbreviations should not be designed to incorpora;e encings (€.g.,
ING, ED, S).

Although the question of which primary and secondary rule is best
has not been answered, three criteria are obvious. Firs:, the rules must be
easy for an operator to understand. Second, they must De sizple to apply,
preferably without the aid of paper and pencil. And fiznzily, the primery
rule should be able to abbreviate uniquely all but a Zew cZ :he wcris. A
reasonable choice for a pair of rules, even if they are nc:t the "besg:t,” is
sure to produce encoding performance that is superior to the perior=zznce

obtained by using nonsystematic abbreviations.

Although it is also desirable to improve decoding pericrzz
of the techniques tested here had any effect. Fortunatelyr, de
appears to be intrinsically easy, with a learning curve tih
level after-only a few trials. As reported earlier, pac:i
Moses et al. (1980) experiments were able to correctly dec
70 percent of the time after one exposure and 88 percen:z cf
six exposures.

'UU ™

The guidelines presented here cannot stand alone, anc & huzan facicrTs
specialist or gsystem designer must still consider the izdividual systez &and
its operators when adopting them. But hopefully this paper ani iis guidle-

lines provide a body of information and a set of options that will nelp iz
developing "user-oriented” abbreviations for automated systecs.
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