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1. Introduction  

1.1 Modality and Speech errors  

Human language is remarkable in the biological world (along with perhaps genetics), for 

encompassing a system of discrete and compositional elements that interface with the non-

discrete physiology of the human body. The symbolic and discrete part of human language ï the 

grammar ï has been established by modern linguistics to be largely independent of the modality 

in which it is produced and perceived. The organization of grammar is not created by the 

modality in which a language is expressed; and a speakerôs knowledge of their language involves 

a great deal more than competence with the motor behaviors necessary to communicate in it. 

Within the generative tradition, the idea of the óautonomy of syntaxô (Chomsky 1977 being just 

one influential expression of this idea) has evolved through various interpretations, but the basic 

idea of the independence of some abstract symbolic component of human language from its 

mode of expression in the physical world is widely accepted.  

Stokoe͇ s ground breaking work half a century ago made this idea visible in a very concrete 

way. Stokoe 1960 demonstrated that certain general properties shared by natural languages were 

also to be found in American Sign Language (ASL). Since then, the signed languages spoken in 

deaf communities have come to be understood as full-fledged members of the class of natural 

languages. Over the last half-century a body of research on signed languages has gradually 

accumulated, examining the common properties held by signed and spoken languages (Emmorey 

2002). With the entry of signed languages into the class of natural languages, a minimal pair of 

language types with different modalities has entered the linguistics canon.  
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While modern linguistics has uncovered much about human grammar (and in fact for many 

contemporary linguists it is the central object of study), the interface itself between grammar and 

modality -- where language is produced and perceived ï should also be profoundly revealing of 

the nature of human language. This interface is not easily accessible to direct study. However, 

speech errors have provided insight into the process by which the abstract and discrete units of 

grammar are linearized over some kind of sequenced temporal organization. The investigation of 

speech errors (brought to general attention by the seminal paper by Fromkin (1973)) has 

contributed to models of language production which seek to explain how abstract grammar is 

transformed into signals produced by human motor programs in real-time (among others, Levelt 

(1989), Dell (1986), Levelt et al (1999), Roelefs (2005). See also Meyer1992). Speech errors in 

speakers (whom we will call vocal articulators) and signers (whom we will call manual 

articulators) reveal abstract linguistic units as independent and moveable parts in production 

errors. Words, phrases, morphemes, phonemes, and even features, can be flipped, moved, or 

operated over in some other way in the speech errors of vocal articulators (Fromkin 1973, Garrett 

1976, Stemberger 1984, and others). Although there is still disagreement about whether some 

elements of signed languages are linguistic or gestural (see Lillo -Martin (2002) and Liddell 

(2000) for opposing views on the verb agreement system in ASL), equivalent or comparable 

linguistic units are activated in the speech errors of manual articulators (Klima and Bellugi 1979, 

Hohenberger and Waleschkowski 2005). 

The cross-modal study of speech errors has spotlighted errors involving the mapping of discrete 

linguistic units to temporal patterns, but questions remain about this interface. Models of speech 

production informed by studies of speech errors, have proposed several distinct levels of 

information which speech errors can make reference to. In models put forth by Levelt (1989) and 
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Levelt et al (1999), and Roelefs (2005), discrete grammatical information is accessed at a 

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

approach).  Taking Roelof͇ s (2005) model as an illustrative example (Figure 1), we have many 

examples of  errors at the͆ Word-form encoding͇  level, where linguistic units of word-forms 

can go amiss, but where are the errors at the ͆ Articulation͇ level, where motor plans are 

implemented in a physical world? If these kinds of gradational errors exist, perceiver bias 

contributes to masking them. Phoneticians have shown that phonemes and phonemic features, 

when examined acoustically, are not always the categorical units they are thought to be. Gradient 

or co-production errors may be under-reported as compared with categorical or segment-

substitution errors (Frisch and Wright 2002; Pouplier 2005; Pouplier and Hardcastle 2005; Goldstein, 

Pouplier, Chen, Saltzmann, and Byrd 2007).
1
  Aphasic patients have been studied ï some whose errors 

are articulatory and some whose errors are phonemic (Romani, Olsen, Semenza and Grana 2002). 

What kinds of gradational, modality-based speech errors are there? And how do the categorical 

distinctions of grammar relate to the gradational distinctions rooted in modality? 
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Figure 1: Flow of information in the WEAVER++ model of language production, monitoring, 

and processing (Roelofs 2005).  

 

Our contribution to these questions is to introduce a population of speakers not previously 

discussed in the linguistics literature, who confound the language modalities studied up to now in 

several ways. We introduce speech error data from these speakers -- to our knowledge the 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 of a motor plan. We argue that the third type 

of error should be seen as sometimes categorical and sometimes gradational. In the course of this 

we also re-examine the difference between written and spoken language modalities. 

The independence of grammar and modality so far established raises the complementary 

question: what role does modality play in defining the forms of language? The simplest view is 

that the interface itself adds no constraints, the differences arising only out of the physical 

qualities of the phonemic space for each modality  (e.g., Chomsky͇ s (1995)  minimalist 

challenge also takes this view.) But is the simplest view the correct one? To address this 

challenge we need to we meaningfully compare language modalities. Research on signed 

languages has begun to lead the way. 

The role of modality in influencing the character of signed versus spoken languages has been 

explicitly discussed in the more recent sign language research (Meier 2002). What distinctive 

differences between them are attributable to the different modalities of signed versus spoken 

languages? Signed languages appear to favor noncatenative (or simultaneous) morphology over 

sequential and concatenative morphology, which Klima and Bellugi (1979) suggest is a reflex of 
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the longer time it takes to articulate in sign as opposed to speech. Aronoff et all (2005) show that 

this is true of the inflectional morphology of signed languages more than the derivational 

morphology (which tends to be concatenative and minimal), but they agree with Klima and 

Bellugi that the simultaneous morphology arises out of the visual-spatial modality. Hohenberger 

et al (2002) and Leuninger et al (2004) find modality effects in speech errors in German Sign 

Language. By looking at elicited slips of the 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 reflecting the ͆vertical͇  

information packaging potential of signed languages compared to the ͆horizontal͇  information 

packaging potentials of spoken language. In other words, signed languages package more 

information in the time stamp of one sign, than spoken languages can package in the time stamp 

of one word. 

In this paper, we develop these ideas from sign language research and related ideas from research 

on typing errors, to argue that a fundamental way to compare language modalities is by the ratio 

of information transmission over time. We will propose that certain errors we do not find in our 

corpus reflect this aspect of the particular modality. 

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

1.2 Augmentative and Alternative Communicators 

Our contribution to this literature is to introduce speech error data from a unique population of 

speakers, who crosscut the well-studied modalities of production and comprehension of vocally 

articulating speakers and ASL signers: speakers using Augmentative and Alternative 

Communication devices (whom we call AAC speakers). These are persons with a disability such 
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as cerebral palsy, who comprehend spoken language normally, but produce speech using a 

keyboard and voice synthesizer. They may interact with the keyboard using a finger, head-

pointer, or other method. Their reduced articulatory system most often consists of sequences of 

hits by a single digit on a keyboard. To the best of our knowledge, the language of AAC speakers 

has not been discussed in the theoretical linguistics literature, although some research is available 

in the speech pathology literature (Binger and Light 2008). AAC speakers are unique in the 

relation between their language comprehension and production modalities, compared to other 

speaker populations on which there is substantial research. Vocal speakers articulate with their 

mouths and perceive auditorily; ASL speakers articulate manually and perceive visually. AAC 

speakers perceive auditorily and articulate manually. AAC speakers have a unique set of 

language modalities differing from that of previously studied language populations. 

Not only do AAC speakers cross-cut perception and production modalities used by vocal and 

manual articulators, they also confound the traditional distinctions between spoken and written 

language. There are a number of different systems available for representing language on a 

keyboard for an AAC device. The devices our speakers use make two separate systems available. 

One is a symbolic and linguistically-oriented system, and the other is the familiar spelling on a 

Qwerty keyboard. Most speakers hit keys with a digit, just like a typist, so in that respect they are 

comparable to someone producing written language by typing. 

What is the difference between written and spoken language (where we include signed language 

in the term spoken)? Spoken language is primary; written language is secondary. Written 

language is an artifact; it is consciously engineered. Written language has varying orthographic 

depth from the sounds of the spoken language. Spoken language arises naturally in a population 

or in an individual, without explicit teaching or engineering. (See Daniels and Bright 1996, 
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Sproat 2000, Perfetti 2003 for discussion of these issues.)  It takes engineering to create an AAC 

system, and AAC speakers have to be taught to use their devices. But language production by 

our AAC speakers also has much in common with spoken first languages. Speakers from the 

study have severe arythmia resulting in unintelligible speech, particularly to unfamiliar parties. 

For these speakers, speech with their AAC devices ï using the system in the symbolic, 

linguistically-oriented mode ï becomes their central, usual, and most effective means of 

speaking. This is not a written alternative to speaking. They become fluent and automatic in 

producing speech by these means, just as do vocal articulators, even though they cannot achieve 

a comparable speed of communication. 

In our corpus of speech errors from AAC speakers, we identify three types of errors. We find a 

difference between the kinds of speech errors produced in the symbolic/linguistic mode and 

those produced in the spelling mode. We argue that one of these error types, produced only in the 

symbolic/linguistic mode, reflects morpho-syntactic structure. Our two other error types, 

(mistakenly hitting adjacent keys or hitting the same key twice) are produced in both modes, and 

these are parallel to the kinds of errors made by typists. They do not refer to linguistic structure 

in their production, and they appear to arise from motor processes. Interestingly, we find that the 

hitting-the-same-key-twice type of error is manifested differently in symbolic/linguistic mode 

and in spelling mode. The interaction of linguistic and motor processes revealed in this pattern of 

speech errors gives us a unique view into the relationship between categorical and gradational 

processes in human language, and allows us to reconsider the distinction between writing and 

speaking. 

The rest of this article is organized as follows. We present an overview of the language 

representation system used by our AAC speakers in some depth in section 2, because speech 
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errors must be explained in that context. In section 3 we describe our speech error corpus and 

collection methods, and some of the preliminary analysis performed on the data. In Section 4 we 

present our data on the errors in the symbolic and linguistic (or Minspeak) mode, and show that 

they reflect the morphological structure of the Minspeak forms of the words. In Section 5 we 

present the errors that our speakers produced in spelling mode, which we describe and analyze 

from the point of view of the relative positions of the target and error keys. We find two common 

error types in this mode: hitting adjacent keys, and repeat-hits on a single key. In Section 6 we 

compare our spelling-mode errors with data on typing errors found in the literature on typing, 

and find commonalities with our AAC speech errors. Finally in Section 7 we return to our data 

on symbolic-mode errors, and examine it again, taking the typing/spelling-mode errors into 

consideration; and we conclude that evidence remains for the errors reflecting the morphology of 

the symbolic/linguistic system. Section 8 specifically addresses the errors we do NOT find in our 

data. We speculate on implications and reasons for these gaps, and suggest an effect of the 

temporal properties of modality; more specifically, the ratio of information transmission to time. 

Finally, Section 9 is our overview and conclusion. 

2. Overview of the Minspeak Language Representation System 

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

The AAC speakers in our study employ devices incorporating an abstract language 

representation system called MinspeakÊ or Semantic CompactionÊ, which allows them to 

produce fully grammatical English sentences (Baker, 1994).  With this method, language is 

represented by a relatively small set of multi-meaning icons.  The specific meaning of each icon 

is a function of the context in which it is used. (Bakerôs (1982) original development of 

Minspeak was inspired by a knowledge of hieroglyphics.) The software on the devices also 
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provides for switching between the Minspeak mode and a spelling mode, where words can be 

produced by spelling them orthographically. In 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 illustrates a sample Minspeak keyboard. 

 

Figure 2: Minspeak keyboard  

Words are coded in Minspeak as a unique sequence of one to three icon (or picture symbol) keys. 

The speaker hits the correct sequence for each word produced in an utterance. Coded icon 

sequences generally begin or end on a grammar key. On this overlay, the grammar keys are 

mostly found in the top two rows and the leftmost two columns. The lexical keys, which have 

colored icons (or picture symbols), consist mostly of the remaining 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 claimed or maintained. Each key has a unique label. For 
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example, the word doctor is coded as the three-key sequence (referring to each key by its unique 

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

 

Figure 3:  The key sequence for the word doctor in 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, the word appears in a buffer screen above the keyboard. 

The speaker may correct this screen output if he
2
 is dissatisfied with it, by backspacing over the 

output to erase it, and then retyping different input. Or he may proceed to produce the next word 

on the screen. The text equivalents of the words he is entering via the keyboard continue to 

appear on the screen, until the speaker is satisfied with the utterance he has composed, and he 

hits a key to launch voice synthesis.   

 

Figure 4: 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 image of the icons on the keys 

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 empties and the new key is entered in 

the buffer. If the speaker hits the backstroke, the most recent key is removed from the buffer. 

After three keystrokes, if a meaningful sequence has not been produced, the buffer empties on 

the next keystroke. 

 

To return to the example of the word doctor produced in Minspeak mode. First, the speaker hits 

the [PEOPLE] key, and the [PEOPLE] icon appears in the icon buffer. Next the speaker hits the 

[MEDICAL] key, and the [MEDICAL] icon appears in the buffer following the [PEOPLE] icon. 

Finally, the speaker hits the [NOUN] key, and the image of the [NOUN] key appears following 

the [MEDICAL] icon and the [PEOPLE] icon. At this point the entire three-hit key sequence 

spelling doctor is visible in the icon buffer, and only then does the word doctor appear 

orthographically in the text screen. As soon as the speaker hits 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 coding words for Minspeak, the icons on the lexical keys are used for meaning associations to 

help in learning, and to associate related meanings. Figure 5 illustrates 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 keys. The words have 

different parts of speech depending on the grammar key, but share meanings associated with 

time (except for the word round, which is associated with the clock by shape, not by a function 
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related to time). The icons of the key sequences provide semantic associations; they are not 

strictly semantically compositional. The first seven words are coded as two keystroke sequences; 

the words early and late are three-keystroke 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 

Figure 5: Excerpt from a Minspeak dictionary showing different parts of speech.   

(Labels for grammar keys: ADJ = adjective; CONJ = conjunction; INTERJ = interjection; 

PREP = preposition). 

 

All the words in the chart in Figure 5 take 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 conversation (a core vocabulary) to be coded fairly cost-effectively, generally in 

three hits or less.  A double hit on the same key is given higher value in cost-efficiency 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 morphological variants of words, which are needed for producing 

grammatical sentences, are coded with grammar keys. For example, verb tenses and noun plurals 

have grammar keys. These are illustrated in Figure 6. 
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KEY SEQUENCE (left to right)  WORD 

Lexical key label Grammar key label  

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 

Figure 6:  Excerpt from a Minspeak dictionary showing some morphological variants. 

 

Some of the most common words or morphological variants are coded with a single keystroke ï 

just one grammar key (Figure 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 

Figure 7: Excerpt from a Minspeak dictionary showing some single-key codings. 

 

Speed of communication is of the essence for individuals with these types of disabilities and 

communication disorders. This kind of coding for the words most frequently used makes it 

possible to produce the words for input to the speech generator with greater efficiency than by 

spelling them out. 
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With this method of language encoding, all words have fixed motor plans associated with them, 

whether they are produced in Minspeak or in spelling mode. Speakers often appear to produce 

words automatically, no longer needing to use the overlay.
3
 Having a fixed motor plan associated 

with each word contributes to the cost-efficiency of producing the words. Figure 8 illustrates the 

Minspeak keyboard with arrows added to indicate the sequence of key hits that produce the word 

doctor  in Minspeak mode (coded as the three-key sequence [PEOPLE, MEDICAL,  NOUN]). 

 
Figure 8: Minspeak keyboard showing key sequence for the word doctor in Minspeak mode. 

 

The arrows in Figure 8 track the course of motor articulation required to produce the word doctor 

in Minspeak mode.  The speaker makes three key-hits. He must first hit the PEOPLE key, then 

move to the MEDICAL key and strike it, and finally move to the NOUN key and strike that.  

 

2.3 Other methods of language production 

The AAC speaker can also choose to spell her words for production, in which case she switches 

the device between Minspeak mode and spelling mode. In the spelling mode, words are produced 


