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Abstract. In this paper we present results and conclusions of an initia study,
intended to inform the design d a system to automaticaly reconstruct full sen-
tences from abbreviated typed text. Such a system will reduce the number of
keystrokes that cognitively-unimpaired users with motor disabiliti es need to in-
put in order to communicaein full, rich language. A number of techniques for
abbreviating messsges have been identified, based on empiricd studies of us-
ers. These include vowel deletion, phoretic replacement, and word truncation.
How such techniques might be used to suppat users with motor disabiliti es is
considered and further empiricd work propcsed.

1 Introduction

Communication for some people with motor disabiliti es can be tiring and time-
consuming. For users of 'standard’ QWERTY keyboards, it may be very useful to
reduce the number of letters they must type in order to produce amessage. Flexible
Abbreviation Expansionisone gproach. In order to inform the design o a system to
automaticdly reaonstruct full sentences from abbreviated typed text, experiments are
being run to investigate the techniques which people use to shorten a message.
Analysis of the empiricd data, it is hoped, will reved a number of high-level strate-
gies people use to generate ebreviations, and also provide simple wurts for the
relative frequencies with which these ae gplied. These strategies will be imple-
mented in an algorithm which can generate and rank candidate full form sentences.

The target user group is primarily users with adult-onset condtions and dsabili-
ties, including Motor Neurone Disease, spina injury, and Muscular Dystrophy, who
are literate, very famili ar with typing and would prefer not to lean a symbol system,
andwho cesire or neel an dternative to speed recogrition.

The next sedion considers ©me «isting related systems, and the abreviation
strategies people use. Sedion 3 describes the preliminary experiments designed to



elicit such strategies, and sedion 4 gves ome results and analysis. Sedion 5 dfers
some anclusions and describes how we plan to buld uponthese experiments.

2 Background

There ae anumber of Augmentative and Alternative Communicaion (AAC) sys-
tems which will expand an input of a few letters or symbadls into anything from basic
gredings and expressons of need[1], throughto full y-formed essys on any topic.

2.1 Word Prediction

‘Word Prediction’ systems alow the user to input a few words or letters, and ke
offered best guesses asto the intended ‘full form’ of the utterance At the letter level,
| like fo might trigger an offer of the noun phiases ‘food, ‘foctbal’, ‘foreign trave’
etc., idedly based upona well-informed badkground knavledge of the user. At the
word / morpheme level, | go town PAST might generate an offered full form of ‘I
went into the town yesterday’ [2], [3].

This processis limited by its requirement for constant feedbadk, and at the start of
a sentence there is littl e information from which to guesswhat is coming. Strategies
include the use of syntadic, semantic, case, and seledional constraints, for instance
used in the COMPANSION system [4],[5],[6].[7].

2.2 Abbreviation Expansion

One way of reducing the number of keypresses needed to generate amessge is to
take an abbreviation and expand it automaticdly. So an input of Jn wk scl yrdy
might expand to Johnwalked to schod yesterday.

‘Flexible’ abbreviation expansion systems do nd require the user to memorise a
fixed set of abbreviations, and allow them to invent new forms gortaneously, as
there is no longer a one-to-one @rresponcence between an abbreviation and a full
form. The system itself interprets them, in the context of a sentence, and may offer
alternative interpretations where it canna resolve the anbiguity.

SMS (Short Messge Service) text usage via mohile phores has exploded in the
UK in the last two or threeyeas. Some very basic word prediction is avail able, but
the task is gill quite laborious on most phores as a primarily numeric keypad means
some letters take 3 or 4 repeded presses to oltain. This, combined with a limit of
160 charaders per message, has led to a number of abbreviation conventions, many
of them originally used onthe internet, which has smilarly exploded in use in less
than a decade. Tedniques include standardised abbreviations for words or phrases
(e.g. ASAP —"as onas posshle”), omisson o words — usually function ores, pho-



netic replacement (U for ‘you’), and a generally fragmentary nature to utterances.
These techniques have dso been observed in this gudy.

2.3 Abbreviation strategies

We hypahesise that if ambiguity can be sufficiently resolved by automatic means,
the physicd and cogritive dfort required from the user will be lessthan for bath
word prediction and fixed abbreviation schemes. A cleaer understanding d how
people abreviate may reduce such ambiguity. The following example demonstrates
some ways in which an abbreviated string might be expanded.

I w2 c th v fm
=> [1] | want to collead the new film
[2] | went tb see thenew film

[3] | want ® contadthe new firm ...

The intention d this reseach is to identify the techniques which users use to ab-
breviate, and to reverse-engineqa the processes which have produced the inpu se-
guence of reduced forms. By ohtaining the relative probabiliti es for ead technique,
it is hoped that candidate original forms for eat abbreviated word might be aca-
rately ranked.

Some of the questions addressed in this sudy were: Are some letters, or classes of
letters, deleted more frequently than others? What are the contexts in which such
deletions take place?What are common types of substitutions? What kind d infor-
mation is used in choasing abbreviations, e.g. phoretic information? Syntadic infor-
mation? Other types? What role doestheinitial length of the word play?

3 Experiments

Aninitial experiment was run on10 able-boded, frequent computer users, around
18-25 yeas old, educaed to at least university entrance level. A small number of
users with physicd disabiliti es in the target user group were available, but not drawn
upon so as nat to over-use them. It was assumed that the target users had at a previ-
ous time been very similar to the subjeds, in their computer usage.

3.1 Materials

Four texts were aeaed, ead of 500letters. There were no numbers (digits). Two
unrelated topics were written about: leaning to ski (texts S1 and S2) and Loughbao-
ough a university town in the English Midlands (texts L1 and L2). Subjeds were
given ore text to abbreviate, and ancother to recmnstruct. Asfar as possble the text to



reconstruct was from ancther subjed, and a different topic to the text to be abrevi-
ated, so that they would na become acdi matised to the vocebulary.

For ead topic, both agrammaticdly ‘ssimple’ (L2 and S2) and ‘complex’ (S1 and
L1) form was written, so it could be determined whether syntadic complexity had an
effed on how it was abbreviated. The ‘complex’ forms were unrestricted in use of
subardinate dauses, co-ordination, and the location d adverbia phrases.

The ‘simple’ texts as far as posshle cmntained orly adive, dedarative, single-
clause sentences. All adjuncts occurred after the verb. The intention was to convey
the same information in bah versions, which recesstated an occesional infinitive
clause or gerund

All four texts were fairly formal, and were written by the first author, who was also
the experimenter. No external confirmation o complexity was carried ou.

3.2 Procedure

Subjedswere randamly alocated ore of the four 500 etter texts, and asked to per-
form four abbreviation tasks onit, followed by arecnstruction task.

The subjeds were given the following imaginary scenario: that they needed to
send their text down an expensive telegraph line, such that the person at the other end
would be ale to reconstruct it acairrately. Each letter they omit would save money,
whilst spaces and purctuation would be free There would be aheavy charge,
equivalent to ten letters' saving, however, for any words that were éther missng, or
incorredly recnstructed at the other end.

Subjeds were asked to progressvely delete letters, as follows: In their first task,
down to 30Q in their second, to 26Q in the third, to the asolute minimum number of
letters, which they though would be intelli gible to ancther person; and in the fourth
to the minimum number of letters which, the subjed judged, would alow him- or
herself to reconstruct the text at some distant time.

Their final task was to try and reaede ather a different text that had been abbrevi-
ated by another subjed, or their own!. Either way, the shortened text was from the
third task. For eat o the first four tasks, the subjed could see afull, untouched
version d the text for reference. Subjeds were given the following rules. They may
delete individual letters, and replaceone or more letters with athers (upper or lower
case) or with numbers. Non apha-numeric charaders were not alowed. They could
delete an entire word, if they were sure it could be reinserted by a reader, and were
asked na just to paraphrase. They were given the example shown in Fig. 1:

11t was intended that subjeds would reconstruct eat other’'s texts, and to explore whether
subjeds had more difficulty with urrelated texts, but this proved dfficult to arrange, so that
half used their own task threetexts, with a delay of at least an hou. Of the three subjeds
whose Task 5 texts were significantly shorter than the originals (missng ower 5% of letters),
2 had worked on umelated text, and the third had worked ontheir own abbreviations.



I will see you later might become
I wil C U 18r

® |osing an‘l’ from ‘will’

® repladng ‘seé with‘C’, and ‘you’ with ‘U’

® repladngthe middle threeletters of ‘later’ with an ‘8’ because it sounds smilar.
The number of letters has been reduced from 16to 9.

Fig. 1. The example abreviation gven to subjeds

Subjeds were aked to fill in a ‘notes’ document as they progressed, in which they
would autline the techniques they used, and their order, with an indication of the time
taken per task. They were asked for an indication of their use of SMS texting on a
scde 1-10.

4 Resultsand Analysis

Most of the subjeds deviated from their instructions to some extent, but useful in-
formation could till be extraded. Despite being asked to abbreviate in such a way
that it would be possble for another person to reconstruct the text 100% faithfully,
several subjeds paraphrased whale phrases they felt were comparatively superfluous,
which made reconstruction very difficult.

Each ariginal word in the text was considered alongwith its phoretic form and the
forms generated or untouched by that subjed in ead of the four tasks. Each form was
compared with the inpu to seewhat letters had been deleted, added and substituted,
and the passble intended phoretic representations used in ead case were noted. Also
any ather hypahesisin relation to the particular form was noted (e.g. use of a digit to
replace aphoreme). Context information was also naed (e.g. word initial v. word
final replacements; vowels v. consonants; word length, function word v. content
word).

A set of rules were developed, and where two or more could be said to apply, the
one judged to be more spedfic was noted. Techniques were cnsidered bah for eath
participant acossall words, and for eat word acossall participants. Table 1 gvesa
number of the rules we dicited from the data.



Table 1. Some of the rules €licited

Deletion rule Context Example
e>g whereit is‘magic ‘€’ make - mak
e>o final morpheme, either | centre > centr

diredly precaing a
diredly following'r'

douHeletter > singe anywhere tall > ta

92> 0 after 'in', i.e. a gerund | skiing > skiin
'ing becoming'in'.

ing—> o deletion o whole gerund | skiing > ski
morpheme

fina x of y letters > o word final distance > dist

any letter > o where it is phoreticdly | cupbard - cubcard
silent

vowel 2> ¢ no daher rule drealy |tip->tp
applying

[2] = o (vowel deletion)

unstressed vowel (Phon)

simile> smle

Substitution rule

Context

Example

ch/qu->k anywhere it is phoreti- | technique - teknike
cdly a[K]
er/re>a word-final scorcher = scorcha
ce>s anywhere it is phoreti- | face> fas
cdly an[g]
ph-> f anywhere it is phoreti- | phore > fone
cdly [f], i.e. not overlap-
ping syllable boundries
in e.g. ‘haphazad’
letters > digit anywhere phoreticdly | won—-> 1
similar

Non-standard deletions and replacaments, which could not easily be assgned to arule
were dso recorded as such. Particularly useful examples were highlighted where only
one of two passble rules was used, and the other was not, despite being still an op-
tion. One such was the word ‘shopping', which was treded in a variety of ways, listed

in Table 2.




Table 2. Abbreviationforms produced by six subjeds for the word ‘ shoppng

Subject Task 1 Task 2 Task 3 Task 4
D shpng shpn shpn shpn
E shoping shop shop shop
P shop shp shp shp
A shopping shop shppng [MISSNG]
F shpin shpn shpn spn
M shop shop shop shop

1. Subjea D first used dauble-to-single-letter, plus deletion of all vowels. This was
followed by deletion of ‘g’ of ‘ing', even thoughthe full ‘ing was no longer there.

2. Subjed E first used dauble-to-single-letter, then deleted ‘ing’. This can be seen
either as end-of-word-deletion, or hypothesised as a more spedali sed rule whereby the
gerund morpheme is deleted. ‘ing-deletion’ was used by a number of subjeds for
different words.

3. Subjed P used dauble-to-singe-letter, and ing-deletion, followed by vowel-
deletion.

4, Subjed A left the word intad for task 1, then used dauble-to-single-letter, and ing-
deletion for task 2. In the only instance of reinsertion with this word, the subjed
added ‘png’, for task 3. Thislast formisladkingonly the vowels.

5. Subjed F used dauble-to-single-letter , deleted the first vowel, and used ing-to-in.
This was followed with deletion of the remaining vowel. Intask 4 the ‘h’ is deleted,
which of the four letters is arguably the least important phoneticaly, though it does
modify the‘s'.

6. Subjead M (the only non-native speaker) used dauble-to-single-letter, and ing-
deletion.

Four of the six subjeds kept the same form for tasks 2 to 4. All subjeds preserved the
letters ‘spn’ throughout, and ‘h’ was only dropped once. The most popular ealy tech-
nigue was double-to-single-letter (5 out of 6). 4 out of 6 keg some vestige of the
‘ing intask 1, and a similar number the first vowel.

Overdll, in Task 3, both versions of the skiing text, and the informal version d the
other text (L2) were reduced to an average of 270 charaders (55% of the original
text). However, the formal text L2 was reduced to an average of abou 310 words
(62%), which at least somewhat suppated the hypahesis that text with more syntac-
tic complexity would prove harder to abbreviate.




5 Conclusions and Further Experiments

We have drawn the foll owing conclusions:

1. Vowelsaredeleted far more readily than consonants.

2. Letters at the beginning o words are much more keenly preserved than in the
middle and end. Thefirst letter is always preserved uressthere is a phoreticaly
influential 2ndletter (e.g. 'eNjoy, 'eXist’), when it isvery likely to be deleted.

3. People will happily truncate words, reducing a word by upto half whilst pre-
serving the front.

4. Phoretic shorthands are used reaily. For instance, 4 ou of 6 subjeds replaced
‘ch’ in ‘technicd’ with ak.

5. Users are idiosyncratic and generaly consistent in their preferences for rule
weightings (what order they are likely to choase rulesin) so thereis clealy grea
potential for adapting an expansion system to individuals.

Our pilot study established the presence of several commonly used abbreviation
techniques. For a particular word, severa of these techniques may apply, and the
applicaion o one may affed the goplicability of others.

At present, there is only patchy indicaion (from some participants' notes files) of
which letters were eaily discarded within the first 40% pass (etc.), and which ony
reluctantly and in the very last few letters of the dhunk In order to assesswhether
one word is a more likely expansion than ancther for a given abbreviation, more
detailed information about the priorities given to the observed techniques is needed.
Future experiments will i nvestigate the relative importance of the observed ‘rules by
requiring participants to make threepasses over a set of words. At ead pass the task
isto make abreviations that are:

1) Naturd: the ebbreviationis considered to be obvious
2) Short: the ébreviationisasignificant reductionin the word size
3) Minimal: the shortest posgble abbreviation considered comprehensible

Context will play arole in participants dedsions, both at the letter-level, and the
word level (syntadic and semantic). The latter will be investigated by presenting the
candidate words both with and without a full sentence @ntext.

We hope to oltain relative frequencies of rule gplicdions in the next experiments,
which can be used as part of a probabili stic component in an automatic abbreviation
expansion system.
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