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1. Introduction

1.1 Modality and Speech errors

Human languages remarkable in thbiologicalworld (along withperhapgenetics)for

encompassing system of discretand compositional elemerttsatinterface with thenon
discretephysiologyof the human bodyl' he symbolic and discrete part of human languatpe

grammairi has been established bydern linguisticdo belargely independent of the modality

in which it is produce@nd perceivedlhe organizatin of grammar is natreatedoy the

modal ity in which a | anguage is expressed; an
a great deal more than competence with the motor behaviors necessary to communicate in it.

Within the generative tradition, the idea of thetonomy of synta&(Chomsky 197 being just

one influential expression of this idd@as evolved through various interpretations, but the basic

idea of the independence of some abstract symbolic compoinaunthan language from its

mode of expression in the physical world is widely accepted.

Stokoe s ground breaking work half a century agadethisideavisiblein a very concrete

way. Stokoel960 demonstrated that certain general properties shared by natural languages were
also to be found il\merican Sign Languag@EL). Sincethen the signed languages spoken in

deaf communities have come to be understood afiddijed members of the ckasf natural
languagesOver the last hal€entury a body of research on signed languages has gradually
accumuéated examining the common properties held by signed and spoken langHagesrey

2002) With theentry of signed languages into the class ¢firzd languagess minimal pair of

language typewith different modalitiehasentered the linguistics canon.



While modern linguistics hascoverednuch about human grammar (and in fact for many
contemporaryinguists it is the central object of studihe interfacatself between grammar and
modality-- where language is produced grefceived shouldalsobe profoundly revealing of
the nature ohumanlanguageThis interface isioteasily accessible to direct studfowever,
speech errorbaveprovidal insight into the process byhichtheabstract and discrete units of
grammar are linearized over some kingefuencetemporalorganizationTheinvestigation of
speech errorfbrought to general attention by teeminal paper by Fromkin (1973)as
contributed to models of language production which seek to explain how abstract grammar is
transformed into signajsroduced by human motor programgeattime (among others, Levelt
(1989),Dell (1986) Levelt et al (1999)Roelefs (2005)See alsteyer1993. Speech errorm
speakers (whom we will call vocal articulators) and signers (whom we will call manual
articulatorsyeveal abstract linguistic units as independent and moveable parts in production
errors. Words, phrases, morphemes, phonemesgen features, can be flippetoved, or
operated over in sonwherway in the speech erroo$ vocal articulatorsgromkin 1973 Garrett
1976, Stemberger 1984, and othefdthough there is still disagreement about whether some
elements of signed languages are linguistic or gesturaliig@eMartin (2002)andLiddell
(2000)for opposing views on theerb agreement systemASL), equivalent or comparable
linguistic units ae activatedn thespeech errors of manual articulatdféiha and Bellugi 1979,

Hohenberger and Waleschkowski 2D05

The crosamodal study of speech errors has spotlighted errors involving the mappulisgrete
linguistic units to temporal patterns, but questions remain abountbiface Models of speech
productioninformed by studies of speech errors, have proposed several distinct levels of

information which speech errors can make reference to. In moddtsripuby Levelt (1989) and



Levelt et al (1999), and Roelefs (2008iscretegrammatical information is accessed at a

different stage of production than articulatory information (but see Dell (1986) for another

approach).TakingRoelof s (2005)modelasan illustrative examplé-igure 1) we have many
exampleof errors at the Word-form encoding level, where linguistic units of wotfibrms

can go amiss, but where dheerrors at the Articulation level, where motor plans are

implemented in a physicalorld? If these kinds of gradational errasist, perceiver bias
contributes to masking themhéneticians have shown thattonemes anghonemic features
when examined acousticallgte notalwaysthe categorical units thearethought to beGradient
or coproduction errors may be undeported as compared witlategoricabr segment
substitutionerrors(FrischandWright 2002;Pouplier 2005Pouplier and Hardcastle 2005; Goldstein,
Pouplier, Chen, Saltzmann, and Byrd 2Db7Aphasic patients have been studiesbme whoserrors
are articulatory and some whaseorsare phonemicRomani, Olsen, Semenza and Grana 2002
What kinds of gradational, modalibyased speech errors are there? And hothelcategorical

distinctions d grammarrelate tothe gradational distinction®oted inmodality?
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Figurel: Flow of information in the WEAVER++ model of language production, monitoring,
and processing (Roelofs 2005).

Our contribution to thesguestiongs to introduce @opulationof speakers not previously

discussed in the linguistics literature, who confound the language modalities studied up to now in
several ways. Watroducespeectlerror data from these speakerto our knowledgehe first of

this kind ever collected. We distinguish three types of speech errors in our corpus. We argue that
one of these error types reflects the categorical units of linguistic structure. A second error type
reflects gradational effects from the implementation wic&or plan. We argue that the third type

of errorshouldbe seen@sometimes categorical and sometimes gradatibnidde course of this

we also reexamine the difference between written and spd&keguage modalities

The independence of grammar anddality so far establishediseshe complementary
guestion: what role does modality play in defining the forms of languBlge8implest view is
thattheinterface itself adds no constraintse differences arisingnly out of the physical

gualities ofthephonemic spactr each modality(e.g.,Chomsky s (1995) minimalist

challenge also takes this vievlit is the simplest view the correct one? To address this
challenge we need twe meaningfullycompare language modaliti¢®esearch on sigml

languagedas begun to lead the way.

The role of modality in influencing the character of signed versus spoken languages has been
explicitly discussedh themore recensign language research (Meier 200&hatdistinctive
differences between them aré¢riéiutable to the different modalities afeed versus spoken
languages®igned languages appear to favor noncatenative (or simultameors)ologyover

sequentialind concatenative morphologyhich Klima and Bellugi (1979) suggest is a reflex of



the longer time it takes to articulate in sign as opposed to speech. Aronoff et all (2005) show that
this is trueof theinflectional morphology of sighed languages miti@n thederivational

morphology (which tend® be concatenative amdinimal), but tley agree with Klima and

Bellugi that the simultaneous morphology arises out of the vepatlal modalityHohenberger

et al (2002) and Leuninger et al (2004) find modality effects in speech errors in German Sign
Language. By looking at elicited slipsthie hand, they find that signed and spoken language
production is essentially the same, but signed language errors produced more fusions than

spoken languages. Furthermore, the fusions show particular traits reflectingehical
information packagingotential of signed languages compared t6 th®rizontal information

packaging potentials of spoken language. In other words, signed languages package more
informationin thetime stamp of one sign, than spoken languages can packidgdime stamp

of one word.

In this paper, we develop these ideas from Egguage resear@nd related ideas from research
on typingerrors to argue that a fundamental way to compare language modalities is by the ratio
of informationtransmissiorovertime. We will proposethatcertain errors we do not find in our

corpus reflecthis aspect ofthe particular modality

In the next section we introduce our unique population of language speakers.

1.2 Augmentative and Alternative Communicators

Our contribution tdhis literatureis to introduce speech error data from a unijgpjgulationof
speakers, who crosscut the watilidied modalities of production and comprehension of vocally
articulating speakers and ASL signers: spealieirsgAugmentative and Alternative

Commurication deviceswhom we callAAC speakers)These are persons with a disability such



as cerebral palsy, who comprehend spoken language normally, but produce speech using a
keyboard and voice synthesiz€hey may interact with the keyboard using a fingead

pointer, or other methodheir reduced articulatory systemost oftenconsists of sequences of

hits by a single digit on a keyboard. To the best of our knowledge, the language cpaakers
has not been discussed in theoreticalinguistics literature, although some research is available
in the speech pathology literatuiirfger and Light 2008 AAC speakers araniquein the

relation between their language comprehension and production modalities, compared to other
speaker populations on whitere issubstantial research. Vocal speakers articulate with their
mouths angberceiveauditorily; ASL speakers articulate manually and perceive visually. AAC
speakerperceiveauditorily and articulate manually. AAC speakkeve a unique set of

languagemodalities differing fronthat ofpreviously studied language populations.

Not only do AAC speakers crossit perception and production modalities used by vocal and
manual articulators, they also confound the traditional distirchetween spoken and itten
languageThere are a number of different systeamailablefor representing language on a
keyboardfor an AAC device The devices our speakers use maketeparate systems available.
Oneis a symbolicandlinguistically-oriented system, and the ettis the familiar spelling on a
Qwerty keyboardMost speakers hkeys with a digit, just like typist, so in that respect they are

comparable t@omeone producing written language by typing.

What isthedifference between written and spoken languadges(e we include signed language
in the termspoken? Spoken language is primary; written language is secondariten
language is an artifact; it is consciouslygineeredWrittenlanguagehasvarying orthographic
depth from the sounds of the spokemgaage Spokenanguagearises naturally in a population

or in anindividual, without explicit teaching or engsering.(See Daniels and Bright 1996,



Sproat 2000, Perfetti 2003 for discussion of these isslteses engigering to createan AAC
system, and\AC speakersiave tobe taughto usetheir devicesButlanguage production by

our AAC speakeralso has much in common with spoken first languagpsakers from the

study have severe arythmia resulting in unintelligible speech, partictdaulyfamiliar parties.

For these speakers, speech with their AAC deviiagsing the system in theymbolig
linguistically-oriented modé becomes theicentral usual, and most effective means of
speakingThis is not a written alternative to speakiiigey become fluent and automatic in
producing speechy thesemeansjust as do vocal articulators, even though they cannot achieve

a comparable speed of communication.

In our corpusof speech errors from AAC speakers, we identify three types of ewerénd a
differencebetween the kinds &fpeecterrorsproduced irthe symbolidlinguistic modeand
those produceth the spelling modéNe argue that one of these error types, prodooédin the
symbolic/linguistic mode, reflesmorphaesyntactic strature.Ourtwo other error types,
(mistakenly hitting adjacent keys or hitting the same key {vaoeproduced in both modeand
theseare paralleto thekinds oferrors made by typist$heydo not refer to linguistic structure
in theirproduction andtheyappear to arise from motor procesdeterestingly, we find thahe
hitting-the-samekey-twice type of error is manifestatifferentlyin symbolidlinguistic mode
and in spelling modelhe interaction of linguistic and motor processmsealed irthis pattern of
speech errors gives usiaiqueview intotherelationship betweeoategorical angradational
procesesin human languag@nd allows us to reconsider the distinction between writing and

speaking.

The rest of this articles organized as followdVe present an overview of the language

representation system used by our AAC speakers in some depth in section 2, because speech



errors must be explained in that context. In section 3 we descrilsp@ech error corpus and
colledgion methodsand somef thepreliminary analysiperformed on the data. Bection 4we
present our data on the errors in the symbolic and ling(stMinspeal mode and show that
they reflect thanorphological structuref the Minspeak forms of th&ords. InSection Sve
present therrorsthat our speakers produciedspelling modewhich wedescribe andnalyze
from the point of view otherelative position®f thetarget and errdkeys.We find two common
error types in this mode: tting adjacehkeys, and repedtits on a single keyn Section 6 we
compareour spellingmodeerrorswith data ortyping errordound in the literature on typing
and find commonalities with our AAC speech erréiimally in Section 7 we return to our data
onsymbolicmode errorsand examine it again, taking the typing/spelimgde errorsnto
considerationand we conclude that evidence remdarshe errors reflecting the morphology of
thesymbolic/linguistic systentSection 8 specifically addresses thees we do NOT find in our
data. Wespeculaten implications and reasons for these gapsl suggest an effect of the
temporal properties of modality; more specifically, the ratio of informdtemmsmissiorio time.

Finally, Section 9s our overview andonclusion.

2. Overview of the Minspeak Language Representatiosystan

2.How AAC devices work with the Minspeak Language Representation System

The AAC speakersn our study employ devicescorporatingan abstract language
representation systeoalledMinspealE or Semantic Compactién, which allows them to
produce fully grammatical English senten@Baker, 1994) With this method, language is
represented by a relatively small set of moiganing icons. The specific meaning of each icon
is a functionof the context in which it is use(Bakeb §1982 original development of

Minspeakwas inspired by knowledge of hieroglyphigsThe softwareon the devices also
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provides forswitching between the Minspeak maateda spelling modewhere wordsan be
produced byspelling them orthographicallin this section we provide an overview of the

Minspeak Language Representation System.

The Minspeak language representation system employs a keyboard with grammar keys and

lexical keys. Figure 2 illustratessanple Minspeak keyboal.
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Figure2: Minspeak keyboard
Words are codeth Minspeakas a uniqueesjuencef one to three icofor picturesymbo) keys

The speakerhits the correct sequence for each word produced in an utter@ockedicon
saquences generally begin or end a grammar keyOn this overlay the grammar keys are
mostly found in the top two rows and the leftmost two columns. The lexical keysh Wwhave
colored icong(or picturesymbolg, consist mostly of the remang keys in the middle of the
board. The icons on the lexical keys are used for meaning associations to help in learning, but

strict semantic compositionality is not claimedmaintainedEach key has a unique labEbr
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example, he worddoctoris codedasthethreekey sequence (referring to each key by its unique

label): [PEOPLE, MEDICAL, NOUN]shown in Figure 3.

doctor: P K

PEOPLE MEDICAL NOUN

Figure3: The key sequence ftineword doctorin Minspeak mode.

There are two buffer screens above the keyboard on the device: a text screen and an icon buffer.
As the sequence for each word is hit, i@rd appears in a buffer screen above the keyboard.
The speakemay correct this screen output if’hie dissatisfied with it, by backspacing over the
output to erasé, and then retyping different input. Or he may proceed to produce the next word
on the screenThe text equivalestof the words he is enteringa the keyboard continue to
appear on thecseen, untilthe speaker is satisfied with the utteraheehascomposedandhe

hits a key to launch voice synthesis.
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Figure4: A PathFinder Device showing the overlay and the buffers
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While the speaker is in Minspeak mode, the icon buffer shows an imageicdiseon thekeys

he has so far produced, until the entire icon sequence for the word is composed. Upon striking a
subsequent key after a word is composed, the icon buffer eraptiethe new key is entered in

the buffer. If the speakerhits the backstroke, the most recent key is removed from the buffer.
After threekeystrokesif a meaningful sequence has not been produced, the buffer empties

the next keystroke.

To return to he example of the wordoctorproduced in Minspeak mode. First, thgeakerhits
the [PEOPLE] key, and the [PEOPLE] icon appears in the icon buffer. Nesp#akeihits the
[MEDICAL] key, and the [MEDICAL] icon appears ihe buffer following the [PEOPLE] icon.
Finally, thespeakeihits the [NOUN] key, and the image of the [NOUN] key appdaliswing
the [MEDICAL] icon and the [PEOPLE] icanAt this point the entire threleit key sequence
spelling doctor is visible in the ica buffer, and only then does the wodbctor appear
orthographically in the text screen. As soon asdpeakerhits a new key, the icon buffer is

emptied and the image of the new key appears in the icon buffer.

2.2 Coding of words in Minspeak

In codingwords for Minspeak, theons on the lexical keys are used for meaning associations to
help in learningand to associate related meanirfggure 5Sillustrates a small sample dictionary

of Minspeak, showing different words (or expressions in the case of the interjection) coded with
the same initial lexical key (CLOCK), but with different final grammar k&y®words have
different parts of speech pending on the grammar key, but share meanings associated with

time (except for the wordound whichis associated with the clock lshape not by afunction
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related to time)Theicons of thekey sequencgsrovidesemantic associations; they are not
strictly semanticallycomposition& The first seven words are coded as two keystroke sequences;

the wordsearlyandlate are threekeystroke sequences.

KEY SEQUENCE WORD
Lexical key label(s) Grammar key label

CLOCK ADJ round
CLOCK ADV now
CLOCK CONJ while
CLOCK INTERJ at any rate
CLOCK NOUN clock
CLOCK PREP during
CLOCK VERB start
CLOCK, MORNING ADJ early
CLOCK, NIGHT ADJ late

Figure5: Excerpt from aMlinspeak dictionary showing different parts of speech.
(Labelsfor grammar keys: ADJ = adjective; CONJ = conjunction; INTERJ = interjection;
PREP = preposition).
All the words in the chart in Figuret&ke fewer hits to produce in Minspeak than they do to
spell them orthographically. This technique for coding words allows the most frequently used
words of daily conversatiofa core vocabulantp be coded fairly costffectively,generallyin
three his or less A double hit on the same key is given higher value in-efitiency than two

hits on different keys, so when more than one lexical key is necessary, common words may often

be coded with two hits on the same key.

The commonly used morphologicariants of words, which are needed for producing
grammaticakentences, are coded with grammar k&gs exampleyerb tenseand noun plurals

have grammar key3hese ardlustrated in Figure 6



KEY SEQUENCE (left to right) WORD
Lexical key label Grammar key labe
APPLE VERB eat
APPLE VERB+S eats
APPLE VERB+ED ate
APPLE VERB+EN eaten
APPLE VERB+ING eating
APPLE TO+VERB to eat
PEOPLE NOUN person
PEOPLE NOUNPL people

14

Figure6: Excerpt from aMinspeak dictionarghowing some morphological variants.
Some of the most common woraismorphological variantare coded witla single keystroké

just one grammar keffFigure 7)

KEY SEQUENCE (left to right) WORD
Lexical key label Grammar key label

VERB are
VERB+ED was
VERB+ING were
CONJ and
TO+VERB to
PREP of
VERB+EN on

Figure7: Excerpt from aMlinspeak dictionary showing some singgey codings.
Speed of communication is of the essence for individuals with these typisalofiiesand
communication disorder3his kind ofcodingfor thewordsmost frequeny usedmakes it
possibleto produce the word®r input to the speech generator with greater efficiehaphy

speling them out.
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With thismethod of languagencoding all words have fixed motor plans associated with them,
whether they arproducedn Minspeak or in spelling mod&peakersftenappear to produce

words automaticallyno longer needing to use the overfayavinga fixed motor plan associated
with each woratontributes to the cosfficiency of producing the wordgigure8 illustrates the
Minspeak keyboardith arrows added to indicate the sequence of key hits that produce the word

doctor in Minspeak modedpded ashe threekey sequenclPEOPLEMEDICAL, NOUN])).

Figure8: Minspeak keyboard showing ksequence for the wodbctorin Minspeak mode

The arrows in Figure B8ack the course of motor articulation required to produce the gamtbr
in Minspeak mode.The speakemakes three keljits. He must first hit thePEOPLEKkey, then

move to theMEDICAL key and strike it, and finally move tbe NOUN key and strike that.

2.3 Other methods of language production
The AAC speakercan also choose to spékrwords for production, in which cashe switches

the devicebetween Minspeak mode and spelling mode. In the spelling mode, words are produced



