

Linguistic and Cognitive Aspects of Specific Language Impairment

An adequate discussion of linguistic and cognitive perspectives of childhood language disorders is beyond the scope of a single chapter.  Such a discussion is manageable, however, if one restricts the focus to a specific group of language disordered children.  Because I have spent most of my professional career studying and writing about children with a specific language impairment, I will restrict the focus of this chapter to these children.  The existence of a "pure" or uncontaminated group of language disordered children continues to intrigue theorists and researchers.  Children with specific language impairments have significant difficulty acquiring language that cannot be attributed to sensory, emotional, intellectual, neurological, and social-motivational factors.  Language disorders that can be directly attributed to one or more of these predisposing peripheral or central impairments are often considered to be resulting symptoms of more pervasive disorders such as mental retardation, autism, hearing impairment, and frank neurological dysfunction.  PRIVATE 

 
Children with specific language impairment acquire language more slowly than their peers and often continue to have difficulty with spoken and written language throughout the developmental period and on into adulthood.  Research involving these children typically has focused on two basic questions:  What is the nature of their linguistic deficits and why should children with normal nonverbal intelligence, intact speech and hearing mechanisms, and supportive language learning environments have difficulty acquiring language?


In the last five years or so, there have been a number of attempts to summarize the literature addressing these questions (Bishop, 1992; Casby, 1987; Ellis Weismer, in press; Johnston, 1988; Kamhi, in press; Leonard, 1987).  I will draw heavily on these reviews (particularly my own) in addressing these questions.  The nature of specific language impairment will be considered in the first part of the chapter.  The majority of the chapter is reviews the research that has attempted to explain specific language impairment.

  
The Nature of SLI Children's Language Disorder

A central question underlying much of research on SLI children's language abilities is whether these children follow the same course of language development as normally developing children.  A related question is whether SLI children's language systems are different from the language systems of normally developing children.  Some researchers (e.g., Casby, 1987) refer to these questions as the language delay versus language deviance issue. To address these questions, investigators typically have compared a particular aspect of language functioning in SLI children and language-age matched normally developing children.  Comparable performance of the two groups is taken as evidence that SLI children are following a normal course of development.  Such evidence is used to support the delayed-language view. 



Johnston (1988) provided a comprehensive review of studies that examined SLI children's language abilities across a number a variety of domains.  These domains included (a) syntax (Johnston & Kamhi, 1984; Morehead & Ingram, 1973), (b) grammatical morphology (Johnston & Kamhi, 1984: Johnston & Schery, 1976), (c) relational semantics (Johnston, Kamhi, & McDonald, 1981; Leonard, Steckol, & Schwartz, 1978), (d) lexical semantics (Leonard et al., 1982), (e) narrative discourse (Liles, 1985), and (f) conversational abilities (Brinton, Fujiki, Loeb, & Winkler, 1986; Gallagher & Darton, 1978; Leonard, 1986).  


It is, of course, possible to review in detail all of the studies that have examined SLI children's language abilities as Johnston and others have done.  I feel, however, that such a detailed review would not add anything new to this body of literature.  Suffice to say that 20 years of research in this area has eliminated the methodological problems, such as the use of age or MA-level matched comparison groups, that plagued earlier studies (e.g., Menyuk, 1964; Leonard, 1972).  This research has been thorough in its use of different language assessment procedures and linguistic perspectives.  For example, structural (syntactic-semantic) and functional (pragmatic-discourse) linguistic perspectives have been used to characterize SLI children's language and communication abilities.  Recent attempts to explain SLI children's language learning difficulties using current linguistic theories (e.g., parameter theory and lexical functional grammar) will be discussed in a later section.


Johnston's summary comments capture the essence of SLI children's language abilities: 

 Although further work is needed in each of the areas investigated, there are now sufficient data to make an interim global conclusion.  SLI children acquire major grammatical categories and syntactic ordering rules in the same order as normally developing children, albeit more slowly and at a later age.  Grammatical morphology also follows the same sequence of development in SLI children, but the acquisition of these forms is markedly protracted.  Semantic studies indicate that SLI children follow normal acquisition patterns in most lexical domains and are able to express a variety of relational meanings.  Although narrative discourse abilities are clearly delayed, conversational abilities are basically intact.  For the most part, SLI children are purposeful and responsive conversationalists, limited only by their relatively poor mastery of grammatical form. (p. 693)


This body of research provides unequivocal support for the delayed-language position.   However, as Johnston (1988) notes, the studies cited above focused on only one linguistic domain at a time.   The deviant or disordered aspects of SLI children's language have been captured by looking across language domains.  For example, Johnston and Schery (1976) found that SLI children acquired grammatical morphemes in the same sequence as normally developing children.  However, the protracted development of these forms meant that they were being acquired at later MLU stages with more complex sentence structure.  The associations between syntactic and morphological development in SLI children thus is atypical.  


In another study, Johnston and Kamhi (1984) conpared language samples obtained from 5-year-old SLI children and younger normal-language children matched for MLU.  The MLUs ranged from 4.2-5.5.  Samples of spontaneous language were evaluated for syntactic, morphologic, semantic, and pragmatic knowledge.  Although many of the sentence patterns produced by the two groups were similar and both groups showed comparable use of ellipsis, pronominalization, and imperatives, two notable group differences were found.  The SLI children made significantly more grammatical morpheme errors and produced significantly fewer sentences with embedded propositions than their language-matched peers.

   
These findings indicated that SLI children acquire some aspects of language more readily than others.  Large differences in the rate at which various language forms are acquired lead to developmental asynchronies in language development.  The asynchronies found in SLI children's syntactic, semantic, and morphological development lead to the production of utterances unlike any of those produced by normally developing children.  These different utterances represent the deviant aspect of SLI children's language.


At the beginning of this section, two questions were posed:  (a) Do SLI children follow the same course of language development as normally developing children?  (b) Are SLI children's language systems different from the language systems of normally developing children.   The literature suggests that the answer to both of these questions is yes.

                               Explaining Specific Language Impairment

Information processing accounts of cognitive function provide a framework to evaluate the possible causes of language learning difficulties.  Information processing models distinguish between mental representations of information (knowledge states) and the cognitive operations or processes that operate on the mental representations (Bishop, 1992).  Consider, for example, the levels of representation and cognitive processes involved in language comprehension and production.  With language comprehension, a spoken utterance is initially represented and stored in terms of its auditory or acoustic features.  This acoustic representation is converted first into a phonetic representation and then a phonological (phoneme-based) representation.  Familiar sequences of sounds are then matched to existing lexical representations stored in long-term memory.  Higher-level syntactic, semantic, pragmatic knowledge will be combined with knowledge of the meaning of the lexical items to provide the meaning or gist of the utterance (Bishop, 1992; Clark & Clark, 1977).


In contrast to language comprehension, the process of language production starts with the idea or message to be communicated and ends with the actual production (articulation) of the utterance.  In between, one must generate a grammatical structure that accurately conveys the idea units (propositions) in the message, determine which words best express the particular propositions, access the phonological sequences associated with each word, and transmit this information to the articulators (Bishop, 1992; Bock, 1982).


An information processing model of language leads naturally to the question of where in the system SLI children break down.  For example, are language comprehension difficulties caused by deficient lower-level perceptual processes involved in encoding linguistic information or higher-level conceptual processes involved in constructing meaning.  In the same vein, do SLI children produce grammatically simplified utterances because the underlying representation of grammatical structure is deficient or does the problem lie somewhere in the chain of processes involved in converting ideas into speech (Bishop, 1992)?

In the sections to follow, these questions are addressed.

Perceptual Aspects of Specific Language Impairment

Normal language learning and conceptual processing requires the effective functioning of a variety of perceptual mechanisms.  These mechanisms include not only those that are bound to specific senses, such as vision and audition, but also attentional and memory processes that span the senses.  A large body of literature has examined auditory processing abilities in children with specific language impairment.  This literature has been reviewed in a number of recent articles and chapters (Bishop, 1992; Casby, 1987; Ellis Weismer, in press; Johnston, 1988; Kamhi, in press; Leonard, 1987).  In brief, the work of Tallal and her colleagues over the past 20 years has shown that compared to age-matched peers, SLI children have difficulty perceiving and producing information rapidly in time.  The poor performance of the SLI children on visual tasks suggests that the processing deficit is not specific to auditory input (see Elliot, Hammer, & Scholl l989, for an alternative view).  The "neural timing deficit," as Tallal (1988, p. 164) recently refered to it, accurately predicts (a) performance on the nonverbal and verbal serial memory tasks, (b) the pattern and type of speech production and perception errors, (c) the degree of receptive language impairment, and (d) classification of specific language impairment.


Despite the overwhelming evidence suggesting that a timing deficit provides a sufficient explanation for a specific language impairment, many remain unconvinced that such a deficit can account for the extent and nature of the actual language impairment in SLI children (Johnston l988; Leonard l987; Rees l981; Tomblin l984).  The problem lies not in the data or methodology of the studies, but with the bottom-up information processing or specific abilities models that provide the theoretical backdrop for most of the studies that evaluate perceptual abilities in SLI children.  An assumption that underlies these studies is that there are fundamental perceptual and memory processes that are necessary for, but independent of, language learning (Tomblin l984).  That is, language usage and learning depends on a set of component auditory perceptual abilities that are arranged in some serial, bottom-up, fashion.  The perception and processing of sensory information is viewed as passive and unaffected by situational factors, knowledge states, and previous experiences of the individual.


The counterclaim is that perceptual and memory processes do not function independently of knowledge states and other conceptual processes.  Several contemporary theories of language processing emphasize the complex interactions that occur among structural mechanisms, cognitive processes, knowledge states, and environmental forces (see Bohannon & Warren-Leubecker, l988).  Piagetian (constructionist) notions that emphasize the active role the child plays in organizing and making sense of the world have become an important component of current accounts of language learning (e.g., Ingram l989).   There is a rich experimental literature demonstrating the effects higher-level language abilities have on speech perception (Rees, l981; Pisoni, 1978).  In the same vein, short-term memory abilities are known to increase when the individual is able to relate the information to previous knowledge or experiences (e.g., Bransford & Franks, l971; Chi, l976; Huttenlocher & Burke, l976).

  
There are at least two other significant problems with perceptual explanations of specific language impairment.  The first stems from the fact that normally developing children younger than 4;6 cannot perform the Tallal tasks (Tallal, l976).  Four and half-year-old normal language (NL) children, however, have quite sophisticated language abilities.  By this age, they produce many complex sentence structures and use a wide range of grammatical morphemes (Ingram, l989; Miller, l981).  Given that young NL children have sophisticated language abilities and cannot perform the processing tasks, one must seriously question what successful performance on Tallal's tasks means for language learning.  The perceptual processing abilities of young NL children are apparently sufficient to comprehend and produce quite sophisticated language forms.


The second problem directly follows.  In Leonard's (l987) words, "...we cannot lose sight of the fact that, although normal children improve across time in their performance on auditory processing tasks, there has been no serious attempt to explain language development on the basis of developing auditory skills" (p. 22).  Leonard's point here is that in order to draw causal connections between perceptual deficiencies and language impairment, there needs to be some theorizing about how particular developments in auditory skills impact on the acquisition of specific linguistic forms and structures.  Such theorizing would make specific predictions, for example, about what kinds of perceptual developments precede the acquisition of first words, word combinations, canonical word ordering (SVO), complex sentences, and so forth.  


Interestingly, as discussed earlier in this section, since Leonard wrote these words, he has made a serious attempt to relate SLI children's problems with grammatical morphemes to the acoustic characteristics (i.e., low phonetic substance) of these forms.  Using Pinker's (l984) learnability theory, Leonard (1989) suggests that SLI children have difficulty acquiring particular grammatical morphemes because these forms have low "phonetic substance."  Pinker has suggested that grammatical elements that are low in phonetic substance are more difficult to acquire or build into the child's grammar.  Low phonetic substance is defined as "monosyllabic consonant segments and unstressed syllables, characterized by shorter duration than adjacent morphemes, and, often, lower fundamental frequency and amplitude" (Leonard l989, p. 186).  Leonard (p. 187) goes on to show how SLI children have difficulty with grammatical morphemes that meet the low phonetic substance definition and do not have difficulty with grammatical morphemes that do not meet the definition.


Although Leonard (1989, p. 193) finds the low phonetic substance hypothesis attractive, he also recognizes some of its major limitations.  One problem is that the definition of low-phonetic substance is simplistic because once a certain absolute duration is reached, relative duration may not be important.  Another problem is that althought low phonetic substance provides a reasonable explanation for protracted acquisition of grammatical morphemes, it does not account well for the continued difficulty older SLI children have with these forms.  Older SLI children have heard these forms millions of times, and can recognize them in reading, but still use them inconsistently in their speech (Tomblin l990).


In light of these concerns, the most optimistic interpretation of the data is that perceptual limitations account for protracted acquisition of selected language forms, such as grammatical morphemes and structures that depend on grammatical morphemes for their meaning.  However, the perceptual deficit does not explain the problem some SLI children continue to have with these forms throughout childhood and adolescence or the problems with other language forms (e.g., temporal connectives, adverbials, etc.) some of these children experience.  The most pessimistic interpretation of the perceptual studies is that they have simply shown that a strong positive correlation exists between rapid perceptual processing and a specific language impairment.  The relationship between these perceptual skills and language is not unidirectional (i.e., from perception to language), but interactive and reciprocal.  That is, a perceptual deficit may cause certain language problems, but the language problems may, in turn, cause certain perceptual problems (Rees, 1981).  If the perceptual deficit is secondary to the language impairment, one is left to explain what causes the primary language impairment.  Three possibilities will be considered: (a) short-term memory limitations, (b) a specific deficit in the language learning mechanism (module), and (c) a non-specific deficit in some aspect of general cognitive functioning.

Short-Term Memory Limitations in SLI Children

Short-term memory refers to a capacity for keeping a limited amount of information in a special active state.  Information can be used (stored, transformed, manipulated) only when it is in this active state (Anderson, 1985).  Short-term memory deficiencies have been well documented in SLI children (see recent reviews by Ellis-Weismer, in press, Johnston, 1988).  Specific deficits have been found in the use of rehearsal strategies (Kirchner & Klatzky, 1985), scanning speed (Sininger, Klatzky, & Kirchner, 1989), and storage and retrieval processes (Kail & Leonard, 1986). 


Gathercole and Baddeley (1989, 1990) have made some of the strongest claims for the role of short-term memory in language learning.  A central principle of their "working memory approach" is that the temporary storage of information plays an important role in a range of complex cognitive tasks such as learning, comprehension, and reasoning.  The model initially proposed by Baddeley and Hitch (1974) consists of three main components: an attentional system known as the central executive and two subsidiary slave systems, one to construct visual images and the other for the temporary storage of phonological information.  Phonological representations are assumed to fade within 2 seconds unless kept active in some way (e.g., by rehearsal).  The basic claim is that phonological memory limitations impact on language learning.  Vocabulary and reading are particularly affected by such limitations.


To support these claims, Gathercole and Baddeley (1989) studied the relationship between phonological memory as measured by a nonword repetition task and receptive vocabulary in 4- and 5-year-old normally developing children.  They found that children's scores on the nonword repetition task were highly correlated with receptive vocabulary scores, even after nonverbal IQ and age had been taken into account.  In a subsequent study, Gathercole and Baddeley (1990) found that 7- and 8-year old SLI children had more difficulty repeating single nonwords and recalling word lists than younger children of comparable verbal abilities.  


These findings are consistent with findings from two studies my colleagues and I conducted several years ago with SLI children (Kamhi & Catts, 1986; Kamhi, Catts, Mauer, Apel, & Gentry, 1988).  In these studies, young school-age SLI children consistently performed more poorly than peers matched for nonverbal IQ on tasks requiring the repetition of single syllable nonsense words, 3-item strings of single syllable nonsense words, and multisyllabic nonsense words.  These studies also contained a group of reading disabled (RD) children.  The SLI children performed comparably to the RD group on the single word repetition tasks, but significantly worse than the RD group on the multisyllabic word repetition task.


Gathercole and Baddeley (1990) suggested that the difficulty experienced by SLI children repeating nonwords was caused by limitations in phonological storage rather than impairments in auditory perceptual processes, articulation rate, phonological encoding processes, and rehearsal processes.  They suggest three possible explanations for the phonological memory storage deficit.  The first possibility is that the SLI children's acoustic and segmental analysis of phonological events may be "noisy," such that the resulting phonological representations are less discriminable when they are retrieved.  The second possibility is that SLI children have less phonological store capacity, leading to either fewer items being stored, or to the same number being stored less richly and redundantly.  The third possibility is that the phonological trace decays faster in SLI children than in normally developing children.  Gathercole and Baddeley (1990) conclude by proposing that phonological storage limitations are directly responsible for the vocabulary and comprehension deficits exhibited by SLI children.


Although Gathercole and Baddeley (1990) make a nice case for a phonological storage deficit in SLI children, their conclusion that a phonological storage deficit is the primary or underlying deficit in SLI children has not been widely accepted.  Gathercole and Baddeley dismiss too easily the role that perceptual, encoding, articulatory, and rehearsal limitations have on SLI children's word repetition and language learning abilities.  For example, Tallal clearly would disagree with Gathercole and Baddeley's (1990, p. 356) claim that SLI children's neural timing deficit is caused by limitations in memory storage.  


I am not so willing to dismiss the importance of speech production and encoding processes.  Kamhi and Catts (1986) suggested that encoding processes, rather than storage or retrieval processes, were particularly taxed by the multisyllabic nonsense word repetition task.  We argued that storage and retrieval processes were minimal because immediate repetitions were required.  Gathercole and Baddeley (1990, p. 336) point out that phonological representations fade within about 2 seconds.  If Gathercole and Baddeley's proposal is correct, SLI children's word repetition performance should deteriorate as the interval between the word presentation and repetition increases.  This could be tested quite easily.  It should be noted that I have no argument with Gathercole and Baddeley's claim that SLI children have the ability to encode (i.e., accurately represent) phonological information.  But this ability is taxed by tasks that require accurate representations of discrete, sequential phonological information, such as repeating multisyllabic nonwords.  Moreover, the ability to encode phonological information does not mean that the phonological representations generated by SLI children have the same quality as those generated by normally developing children.  For example, SLI children as well as children with reading disabilities have considerable difficulty with phonological awareness tasks that involve accessing discrete phonological information (Kamhi & Catts, 1986; Kamhi et al., 1988; Wagner & Torgeson, 1987).  Poor quality representations may be "fuzzy" or lack the discrete, sequential phonemic information one must have to perform well on phonological awareness tasks.


Speech production factors may also play some role in SLI children's poorer word repetition performance.  Although Gathercole and Baddeley (1990) rule out peripheral articulatory processes, SLI children may have higher-level speech programming or planning difficulties that make them less proficient than normally developing children in planning complex phonological sequences (Kamhi et al., 1988).  Without recognition data, it is not possible to rule out the influence of such higher-level programming processes.  Kamhi, Catts, and Mauer (1990) examined novel-word acquisition in reading-disabled children.  The paradigm included both production and recognition conditions.  In most cases, production difficulties were associated with recognition failures, suggesting that speech production/ planning factors contributed minimally to novel word learning in reading disabled children.  SLI children, however, may not show the same pattern of performance as reading disabled children.

Conceptual Aspects of Specific Language Impairment

By definition, SLI children exhibit a significant discrepancy between language abilities and nonverbal performance scales of intelligence, such as the Leiter International Performance Scales (Arthur l952), the WISC, and the Columbia Mental Maturity Scale (Burgemeister, Blum, & Lorge, l972).  SLI children's age-level performance on nonverbal intelligence tests initially discouraged investigations of cognitive abilities in areas not tapped by the intelligence tests.  The assumption was that SLI children would show age-level performance in other cognitive measures, as long as the verbal component was minimized.  The rediscovery of Piaget in the early 1970s led Morehead and Ingram (1973) to speculate that SLI children might have a more general deficit in symbolic representational abilities.  This speculation was based on Piaget's view of language development.  According to Piaget (e.g., 1952), language emerges as part of a more general symbolic function--a function defined as the ability to represent symbolically an external event or object in its absence. 


This view led researchers to look for parallels in the development of language and other symbolic behaviors in normal language (NL) and SLI children.  Early studies with NL children (e.g., Bates, Benigni, Bretherton et al., l979; Nicolich, l977) found relationships between developments in language and nonlinguistic symbolic behaviors, such as means-ends relations and symbolic play.  Subsequent studies involving SLI children (e.g., Johnston & Ellis Weismer l983; Kamhi l981; Kamhi, Catts, Koenig, & Lewis, l984; Roth & Clark l987; Savich l984; Terrell, Schwartz, Prelock, & Messick, l984) found that SLI children do not perform as well as NL peers on measures of symbolic play and mental imagery.  The SLI children generally performed better than language-age matched peers on these measures. 

Other aspects of cognitive functioning with presumed links to language learning also have been examined in SLI children, including hierarchical planning (Cromer, 1983; Ward,  Mills, & Kamhi, 1991), hypothesis testing (Ellis Weismer, in press; Kamhi, Nelson, Lee & Gholson, 1985; Nelson, Kamhi, & Apel, 1987), and analogical reasoning (Nippold, Erskine, & Freed, 1988; Kamhi, Gentry, Mauer, & Gholson, 1990). 


The same articles that reviewed the perceptually-oriented literature have also provided comprehensive reviews of the cognitively-oriented literature (Bishop, 1992; Ellis Weismer, in press; Johnston, 1988; Kamhi, in press).  A brief summary (adapted from Johnston, 1991, pp. 76-77) of the major findings from this body of literature is provided below.


SLI children:

1.  exhibit deficient symbolic, adaptive, and integrative play skills (Roth & Clark, l987; Terrell et al., l984).

2.  have difficulty generating, maintaining, and interpreting mental images (Johnston & Ellis Weismer, l983; Savich, l984).

3.  can solve mental imagery problems when multiple resources (i.e., alternative strategies) can be used to solve the problems (Kamhi, l981).

4.  show deficiencies in hierarchical planning (Cromer, l983; Ward, Mills, & Kamhi, 1991).

5.  have difficulty solving certain complex reasoning problems (Ellis Weismer, in press; Kamhi et al., l990; Nelson et al., l987).

6.  use age-appropriate reasoning processes (e.g., hypothesis-testing and analogical) to solve problems (Kamhi et al., l984; Kamhi et al., l990).

7.  are adept in solving problems that require visual, spatial pattern analyses (e.g., Johnston, l982; Kamhi, Minor, & Mauer l990).  


Twenty years of research has shown that SLI children demonstrate particular cognitive strengths and weaknesses.  SLI children do not have domain-specific cognitive deficiencies, nor do they have deficits in fundamental reasoning processes.  Domain specific deficits are inconsistent with findings that SLI children can play symbolically, generate mental images, exhibit hierarchical planning, generate hypotheses, and reason analogically.  However, compared to their normal language peers, SLI children show deficiencies in each of these areas.  These deficiencies are thought to be caused by some type of cognitive processing inefficiency.  Although many researchers have recognized SLI children's cognitive processing inefficiencies (e.g., Ellis Weismer, in press; Johnston, 1988, 1991; Kamhi, in press), identifying the specific cognitive limitation that underlies the processing inefficiency has proven to be elusive.  This is because any number of factors can cause processing problems, such as basic capacity limitations, perceptual or short-term memory deficits, reduced processing speed, attentional motivational factors, metacognitive deficiencies, the language impairment itself, and so forth.  


Several authors, most notably Johnston (1988, 1991), have suggested that capacity limitations underlie SLI children's cognitive weaknesses.  Current limited capacity models of information processing view changes in capacity as the result of the automaticity of various skills or cognitive operations.  The automatization of a particular behavior (e.g., speech production, word recognition) frees up cognitive resources, thereby increasing processing capacity.  Johnston (1991a) has suggested that SLI children might be slower that NL peers in automatizing certain skills or operations.  Even if this is the case, one is still left to explain why SLI children take longer to automatize (i.e., learn) the particular skill, operation, or knowledge in question.  As Ellis Weismer notes, capacity limitations can be caused by a range of factors.  Indeed, each of the factors (listed above) that might cause inefficient cognitive processing also could cause capacity limitations.  This last point raises some questions about causal-based research that attempts to uncover/discover the specific deficiency or limitation that underlies a specific language impairment.  Before considering these questions, however, I would like to briefly consider the possibility that SLI children suffer from a specific deficiency in the language learning module.

Linguistic Aspects of Specific Language Impairment

It is perhaps curious to consider linguistic interpretations of SLI impairment after reviewing a body of literature that shows quite convincingly that learning and processing problems are not restricted to the linguistic domain.  Given, however, that grammatical difficulties are a hallmark of SLI, and some form of grammatical (syntactic) modularity is still a dominant linguistic theory, one must consider the possibility that SLI children have some specific deficiency in the language learning module.  Note that the existence of cognitive deficiencies per se, does not rule out the existence of a language learning module or co-existing deficiencies in such a module. 


Hierarchical structure deficit.  Bishop (1992) provides an excellent review of the literature that addresses the possibility that SLI children have a specific deficiency in the language learning module.  The first possibility Bishop considers is that SLI children have a specific problem appreciating underlying hierarchical structure.  The hierarchical nature of language is well known.  Consider the sentence: The leaves on the trees are falling.  Without appreciating the hierarchical structure of this sentence, one would conclude that the trees rather than the leaves are falling.  Cromer (1983) used a construction task adapted from Greenfield and Schneider (1977) to determine whether SLI children had a general hierarchical planning deficit.  Unfortunately, there were a number of methodological flaws in the study (see Bishop, 1992; Kamhi, in press).  For example, the subjects ranged in age from 9-16 years and ranged from having convulsive disorders to being profoundly deaf.  The most serious problem with the research is that no attempt was made to link performance on the construction task to language performance.


To address this problem, Bishop (1982, cited in Bishop, 1992) devised a set of items to examine whether SLI children had difficulty processing sentences with hierarchical structure.  Test items were a series of sentences and four pictorial response choices.  All sentences had the structure "The X in/on/under/behind the Y is Z," where X and Y were nouns and Z was a color term.  For example, "The circle on the star is black."  If a child was using a sequential processing strategy, they would choose the picture in which the star was black.  Test items were presented in three modalities: spoken, written, and signed.  Subjects were nine children with severe receptive language problems.  Bishop (1992) notes that performance was poor, but the errors were not random.  Subjects tended to attach the adjective Z to the nearest noun, Y.  Although these findings support Cromer's hypothesis, Bishop goes on to report that profoundly deaf children showed the same pattern of performance with the same materials.  

She takes these findings as evidence against the view that SLI children have a primary impairment in the language acquisition (device) module.  Bishop proceeds to argue that SLI children's problems with hierarchical sentences are a "consequence of auditory processing deficits that force children to rely on the visual modality for language learning" (p. 27).  She bases this conclusion on the assumption that no one would maintain that deaf children are born without a language acquisition device.  Although no one would dispute this assumption, it is unclear how this assumption leads to the conclusion that an auditory processing problem can account for the difficulty SLI children had processing hierarchical sentences.  Curiously, Bishop does not consider whether other linguistic-based explanations or cognitive ones (which she reviews in later sections of her chapter) can account for difficulties understanding hierarchical sentences.  Some of alternative linguistic-based explanations are considered below.


Difficulty assigning grammatical functions and syntactic-semantic mapping.  Van der Lely and Harris (1990) raise the possibility that SLI children have difficulty assigning grammatical functions and integrating syntactic and lexical information.  These authors performed two experiments in which they examined comprehension of reversible sentences in 5-7 year old SLI children and normally developing children matched for CA and language-age (LA).  Children were asked to act out sentences such as The boy pushes the girl and The girl is pushed by the boy.  The SLI children showed significantly poorer comprehension than both control groups.  In a second experiment, the same sentences were presented using a picture-pointing task.  A single-word vocabulary test was also given to rule out potential differences in word comprehension.  The results of the second experiment were consistent with those from the first experiment.


In discussing the findings, van der Lely and Harris (1990) began by noting that a particularly striking finding was that a significant proportion of SLI children had difficulty understanding transitive and dative sentences with canonical word order (i.e., simple active sentences).  No differences were found between the SLI and LA children on the vocabulary test.  Another interesting finding was that for the LA children there was a significant negative correlation between language age and proportion of word order errors.  As language age increased, normal children made fewer word order errors.  This was not the case, however, for SLI children, suggesting that increases in general language age were not related to increases in knowledge of the relationship between grammatical functions and thematic (semantic) roles.


Van der Lely and Harris (1990, p. 112) presented a three-part model of sentence processing to explore the implications of their findings.  The first process involved parsing (i.e., a syntactic analysis of the sentence).  Parsing involves identifying and sequencing words, storing these words in short-term memory until the phrase structures are identified, and then assigning grammatical functions (e.g., subject, verb, object) to the words.  Another process is required to identify the predicates of the sentence and access the argument structure for each predicate (e.g., the predicate eat has two inherent argument, an agent and patient/object).  A third process is required to integrate the first two processes, thus enabling the appropriate arrangement of thematic roles in relation to grammatical functions.  


Van der Lely and Harris (1990) interpreted SLI children's frequent word order errors as evidence of difficulty in assigning grammatical functions and/or integrating syntactic and lexical information.  In both experiments, SLI children had particular difficulty assigning thematic (semantic) roles to syntactic structures.  Van der Lely and Harris questioned whether deficient mapping abilities underlie the SLI children's sentence comprehension problems or whether the mapping problem was secondary to a more basic perceptual problem that affects low phonetic substance morphemes as proposed by Leonard (1989).  They proceed to argue against the perceptual explanation because some SLI children in both studies had difficulty understanding simple active sentences that contained no low phonetic substance forms.  Van der Lely and Harris conclude that the fundamental deficit in SLI children is grammatical rather than cognitive-semantic in nature.  They base this conclusion on the finding that SLI children had difficulty figuring out thematic roles from syntactic information but did not have difficulty mapping cognitive or semantic representations to grammatical structure.


Feature-blindness.  Gopnik (1991, 1992) and Gopnik and Crago (1991) have suggested that the grammatical impairment in specific language impairment is confined to grammatical morphology.  More specifically, their claim is that SLI individuals exhibit a pervasive difficulty in mastering syntactic-semantic features, which they have termed "feature blindness."  Gopnik and Crago's claim is based on data from a large, multigenerational family in which a developmental language impairment reoccurs over three generations.  Of the 30 family members studied, 16 have been diagnosed as SLI.  Data from several different studies have indicated that the affected family members exhibit morphophonemic errors across different measures of language in spontaneous speech, grammatical judgment tasks, sentence imitation, and writing.  These errors affect a wide range of features, including number, person, tense, aspect, and gender.  Based on these data, Gopnik (1992) argued that these SLI individuals had a deficit in the underlying grammar that made it difficult for them to construct the general rules that govern English morphology.  Gopnik (1992, p. 33) created considerable controversy by attributing the morphophonemic deficiencies in the multigenerational family to a defective "morphology" gene in all the affected family members.  The notion that a single gene governs the ability to construct morphological rules in the grammar, though widely repudiated, has attracted a lot of positive publicity and attention for individuals with SLI.


Several problems have been raised about the logic of Gopnik's claims.  For example, Bishop (1992, p. 32) thinks that Gopnik's dismissal of a perceptual basis for morphogical errors is premature.  Bishop also finds a number of differences in the data reported by Gopnik and those reported by Leonard and his colleagues (e.g., Leonard, Sabbadini, Volterra, & Leonard, 1988).  Some of the discrepancies in the data may be a function of test procedures.  For example, Gopnik's failure to find deficits in her subjects' comprehension of thematic roles may be due to the use of a comprehension test designed for aphasic adults.  Bishop recognizes, however, and I agree, that some of Gopnik's findings reflect genuine differences between her subjects and other SLI individuals.  Gopnik's subjects were members of a single extended family with a dominant pattern of genetic transmission of SLI.  The severity of the language impairment was probably greater in Gopnik's subjects than in other studies with SLI individuals.  The SLI individuals in Gopnik's study may represent a unique subgroup of individuals with specific language impairment and, as such, conclusions about the nature of these individuals' language impairment may not be applicable to the general population of individuals with SLI.


Parameter setting problems .  Parameter setting theory attempts to account for the generality of the language learning mechanism (Hyams, 1986).  In this theory, it is assumed that certain components of the grammar can be marked or unmarked; initial values are always unmarked.  The initial unmarked value or parameter is changed to the marked setting if the evidence from the language input is inconsistent with the initial unmarked setting.  Loeb and Leonard (1988) used parameter setting theory to test the hypothesis that SLI children may be slow in setting the Null Subject parameter.  All children start out with this parameter set to [+ uniform] indicating that the language permits sentences lacking an overt subject and that verb morphology is uniform.  This setting is appropriate for languages such as Italian, but not for English because overt subjects are required and verb morphology is not uniform (e.g., some verb forms require inflectional endings and others do not (pushed, pushing, push).  Loeb and Leonard examined language samples from eight SLI children.  They found no support for a parameter setting deficit.  In a subsequent study, Leonard (1989) also found no support for the theory.


Bishop (1992) notes that despite the inadequacy of parameter setting theory to explain errors patterns in SLI children, the theory does suggest a different way to think about some of the counter-intuitive cross-linguistic differences in Leonard's work.  Rather than hindering language learning, a complex morphological system, if it is consistent, may facilitate acquisition.  For example, Rom and Leonard (1990) found that Hebrew SLI children were more likely to produce present and past verb inflections and noun plural inflections than English SLI peers.  The high frequency of the obligatory nature of morphological information in Hebrew apparently tunes the child in to morphology in general.


Evaluation of linguistic interpretations.  Bishop (1992) finds the evidence in support of linguistic explanations of SLI "both logically inadequate to make the point and inconsistent from one study to another."  Although she finds linguistic explanations undeniably plausible, she does not think that those advancing linguistic explanations have considered alternative hypotheses.  She concludes her evaluation by noting that 

a minimal requirement would be to compare SLI children with younger normal children to demonstrate that language seen in SLI is deviant rather than merely delayed.  It would then be necessary to show that SLI children differ also from children with language deficits arising from other causes (e.g. hearing impairment, mental retardation). (. p. 37)

Like Bishop, I also find the linguistic claims quite plausible.  I don't find her reasons for dismissing the claims very convincing, however.  Inconsistency between studies is easily accounted for by the different language tasks used and different linguistic claims evaluated.  Alternative explanations for SLI were considered quite extensively by Gopnik and Leonard, with Gopnik rejecting non-linguistic explanations and Leonard embracing a perceptual explanation.  Van der Lely and Harris (1990), however, failed to adequately consider alternative explanations for their findings.  


I find Bishop's "minimal requirement" for the linguistic explanation lacking on two accounts.  First, it is unclear how evidence showing language deviance and language differences relative to normal language age and mentally retarded peers would support the linguistic explanation.  Language differences need not reflect deficiencies in the language learning module.  Second, as indicated in the first part of this chapter, a number of studies have documented language deviance in SLI children.  Others (e.g., Kamhi & Johnston, 1982) have found language differences between SLI and retarded children.  The best reason for rejecting linguistic explanations is the large body of literature indicating that SLI children's deficiencies are not restricted to language.  The lack of specificity of the language impairments means that one must seriously consider the possibility that the same processing or capacity limitations that cause various cognitive and conceptual deficits in SLI children also cause these children's various language deficits.


The Pros and Cons of Causal Based Research

Reading or writing a review of SLI children's perceptual and cognitive strengths and weaknesses (as I did recently, see Kamhi, in press) is bound to leave one feeling somewhat unsatisfied.  This is because no single factor (perceptual, cognitive, or linguistic) or obvious combination of factors can explain the extent and nature of a specific language impairment.  Failure to find the primary causal factor(s) has led some researchers and clinicians to question the value of continued research and clinical efforts that address causal issues.


Leonard (l987) has made the most compelling argument to-date about the inadequacy of causal research.  In the final section of his critical review of causal research, he noted that "accounts of specific language impairment fall short not only because they fail to identify the proper cause of this condition, but also because they assume that the condition is one for which a tangible cause must exist" (p. 30).   Although some factors seem to have more explanatory adequacy than others, no factor by itself can explain the extent and nature of SLI children's language impairment.  Most researchers or chapter authors end up with an unsatisfying conclusion that SLI is caused by a variety of factors.  


Leonard (1987), in contrast, takes a bold stance.  He views the cause of SLI children's language limitations as "simply the product of the same types of variations in genetic and environmental factors that lead some children to be clumsy, others to be amusical, and still others to have little insight into their own feelings" (p. 31).  Leonard's view draws on Gardner's (1983) theory of multiple intelligences in which seven different kinds of intelligence are proposed.  If the language delay is viewed as normal variation rather than a disorder or deficit, one effectively eliminates the need to search for a cause.  In other words, there can be no cause for the disorder if there is no disorder.  This view leads Leonard to the logical conclusion that research efforts in search of causal factors will not be high-yield enterprises and seem unjustified.


There is a certain appeal to Leonard's view.  By embracing it, we prevent future researchers from expending large amounts of time and resources searching for underlying causes that do not exist.  But there are several reasons not to view causally-oriented research as fruitless.  Johnston (l991), for example, points out that the claim that most SLI children are normal is not the same as the claim that the condition has no cause.  Just because there is normal variation in an ability does not mean the cause of the variation is of no interest.  Some researchers are presumably interested in the neurological correlates of exceptional musical ability.  The same holds true for language variation.  As Johnston notes, even if we agree with Leonard that the primary cause of specific language impairment is variations in genetic and environmental factors, we can still wonder about the causes of these variations.  Why do these children have difficulty learning to talk?


Aram (1991) provides four reasons for the continued interest in causal issues.  The first reason concerns the level of science to which we want our profession to aspire.  Without explanatory power, she argues, our science becomes a dead-end science, with the risk that we might become a dead-end profession.  The second reason involves our clinical responsibility to parents of SLI children.  Most parents want to know why their child has a language impairment.  Aram asks, "How long can a profession continue to say `We don't know' to the questions that prompt their consultation?"  The third reason is that the identification of causal factors has major implications for intervention programs.  The fourth reason concerns the issue of prevention.  Our understanding of the factors that might cause language impairments can have a significantly impact on our attempts to prevent specific language impairments or minimize the effects of the disorder.  If we think that causation does not matter, is unknowable, or is simply the inevitable result of a normal distribution, we will be unable to prevent future generations of children from having specific language impairments.


Aram concludes her short paper by noting that we do know something about the causes of specific language impairment.  Johnston (l991) makes a similar point in arguing that we should abandon "etiological" jargon because it has connotations of pathology and primary cause, and attempt to identify the mental processes and mechanisms that influence success in the language acquisition task.  


There have been several other benefits of causally-oriented research.  For example, based on this body of research, one can reason as Johnston (l991) has done, that language learning requires (a) the ability to perceive and produce rapidly presented information, (b) the ability to generate, maintain, and interpret symbols, (c) the ability to organize information hierarchically, and (d) a variety of reasoning processes.  Although these claims are by no means earth-shattering, they do represent progress.  The weakness of the work, according to Johnston, is not in the direction it takes, but in its infancy.  Johnston finds no fault with the general research strategy in which (a) we compare the performance of SLI and NL children on various linguistic and nonlinguistic tasks, and (b) make inferences about the mental abilities that are causally linked to language learning based on the patterns of performance found.


What all researchers seem to agree about is that the basic research strategy needs to be refined.  Aram (l991) sees particular promise in using sophisticated neuroimaging techniques, such as MRI and PET to determine whether there are subtle differences in brain morphology and/or activity in SLI children.  Another promising avenue of research addresses the genetic bases of specific language impairment (e.g., Lewis, Ekelman, & Aram, l989; 
Tomblin, l989"
Tomblin, l989).


 TA \c 1 \s "Johnston (1991)" \l "Johnston (1991)"Johnston (1991) suggests three refinements in future research efforts.  First, we need to explore more complex patterns of association.  Most research, she notes, has primarily tried to link language learning to another single mental ability, such as the symbolic function or perception of rapidly presented events.  But simple causation models, as Hubbell has pointed out (l981), do not adequately capture the complex biological and environmental interactions that underlie developments in language throughout the developmental period.  Future studies need to examine the reciprocal causation effects that occur among maturing perceptual, cognitive, linguistic, and social abilities throughout the developmental period.


Second, we need to figure out how to formalize and operationalize promising mental constructs.  For example, there should be other ways to measure hierarchical planning ability than using three-dimensional mobiles.  Or, as Johnston notes, there is currently no experimental task to evaluate the construct of "extracting regularities," which has been suggested as a possible weakness in SLI children. 


Johnston's third refinement is that we need to break down familiar constructs, such as language, into their component parts.  Instead of looking for associations between generic notions such as language learning ability and other mental functions, we need to look for associations between discrete language subskills and nonverbal competencies.  Leonard's (1989) work discussed earlier, in which he suggested a perceptual explanation for SLI children's difficulty with grammatical morphemes, is an example of the kind of research needed.


One area of research that holds particular promise for better understanding language disorders focuses on the various processes involved in language comprehension and production.  In the preface to Chapman's (1992) recent book on language processes, she notes that process approaches to adult language use have long been the norm, whereas child language research has traditionally focused on modeling linguistic competence rather than use.  In recent years, there has been a shift in focus from describing SLI children's linguistic knowledge to determining how SLI children use language.  This shift has raised important questions about the impact specific language deficits (e.g., syntax, morphology, semantics, etc.) and and processing limitations have on understanding and producing language.


Summary and Conclusion

In this chapter, I have described the linguistic, perceptual, and cognitive abilities of children with specific language impairment.  In doing so, I have attempted to answer two basic questions about these children:  What is the nature of their linguistic deficits and why do these children have difficulty learning language?  The answer to the first question is considerably more clear cut than the answer to the second question.  SLI children's basic deficit is in the grammatical component of language, particularly grammatical morphology.  With respect the issue of language delay vs. language deviance, the literature indicates that SLI children follow the same course of language development as normally developing children, but their language systems differ from the language systems of normally developing children.  SLI children thus exhibit a delay in acquiring language, but their language systems at any one point in time are deviant because these systems are different from those of normally developing children.


The review of causal-oriented research revealed no clear consensus about why SLI children have difficulty learning language.  For some, this lack of consensus is good reason to abandon causal-oriented research and to redirect research efforts in more productive areas, such as devising better intervention programs.  Others, however, feel strongly that abandoning causal-based research would be a serious mistake, though these researchers (e.g., Aram and Johnston) recognize that refinements are needed in future research efforts.  With such refinements, I am optimistic that during the next 20 years we will uncover the specific neurological correlates and cognitive processing limitations that underlie the language learning difficulties in SLI children.
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