

Specific language impairment: Perceptual and cognitive aspects

Language is arguably the most complex of all human behaviors.  Normal language development involves the integration of sensory and physical mechanisms; perceptual, cognitive, and linguistic processes; and social, motivational, and psychological factors.  Deficiencies in one or more of these components will place a child at risk for delayed language development.  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 a more pervasive disorder.  Such disorders include mental retardation, hearing impairment, severe emotional disturbance, and frank neurological dysfunction (Tallal, l988).  Mentally retarded children, for example, are not considered to be primarily language impaired.PRIVATE 


Children with specific language impairments have significant difficulty acquiring language that cannot be attributed to any of the obvious causes mentioned above.  Variously referred to as developmentally aphasic, dysphasic, language impaired, or language disordered, these children acquire language more slowly than their peers and often continue to have difficulty with spoken and written language throughout the developmental period into adulthood.  The existence of a "pure" or uncontaminated group of language disordered children has intrigued theorists and researchers.  Why should children with normal intelligence, intact speech and hearing mechanisms, and a supportive language learning environment have difficulty acquiring language?


Four accounts of the bases of specific language impairment have received considerable attention during the past 25 years.  The four accounts have attempted to link language delays with deficiencies in (a) auditory processing, (b) a conceptual/ representational processes, (c) neurological functions, and (d) the child's communicative environment.  Other chapters in this volume will discuss the neurological aspects of language disorders (#62) and patterns of interaction and communication involving children with specific language impairments (#71).  The present chapter will focus on perceptual and conceptual/representational aspects of language disorders.

                       Perceptual Aspects

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 (SLI).  During the 1960's and 1970's, there were a number of claims that auditory processing deficits accounted for SLI children difficulty learning language (e.g., Eisenson, l966; Lowe & Campbell, l965).  As Leonard (l987) has pointed out, the meaning of term "auditory processing" varied from investigator to investigator.  Studies included any one or more of the following abilities: auditory discrimination, sequencing, memory, and synthesis.  SLI children often performed more poorly on these tasks than same-age normal-language children.


Lowe and Campbell (l965) are generally credited as being the first investigators to examine auditory temporal processes in SLI children.  They compared eight SLI children who ranged in age from 7 to 14 years to a group of age-matched normal language (NL) children on two tasks: a "succession" task which required the child to decide whether the stimuli presented were one or two sounds and a temporal order task which required the child to judge which of two sounds were presented first.  The stimuli were two different 15 ms pure tones, 400 and 2200 Hz.  In the succession task, the SLI children judge that the two sounds were one at an average inter-stimulus-interval (ISI) of 35.8 ms compared to l8.5 ms for the NO group.  This difference was not statistically significant.  On the temporal order task, however, the SLI children needed an average of 357 ms (range 55-700 ms) compared to 36.1 ms (range 15-80 ms) for the NL children to achieve the same average level of performance (75% correct).  This discrepancy was highly significant, leading Lowe and Campbell to conclude that impaired temporal ordering ability might be a major contributing factor to the language impairment in SLI children.


Rees (l973) pointed out three serious problems with Lowe and Campbell's study and other sequencing experiments conducted up to this point.  First, she argued that the conclusions from these studies assumed that pure tones were processed in the same manner as speech sounds.  Second, she noted that the use of verbal stimuli to assess perceptual abilities presented a possible confound of low-level auditory processing abilities and higher-level linguistic abilities.  The impairment in temporal processing abilities might be one manifestation of the higher-level language impairment.  Rees final point was that no attempt had been made in these studies to establish a positive correlation between the extent of the auditory sequencing disorder and the degree of language impairment.

The Work of Tallal and Colleagues

The work of Tallal and her colleagues over the past 20 years has provided considerable data that directly addressed Rees' concerns. 
In the initial series of studies by Tallal and Piercy (l973a,b, l974, l975), the first two concerns were addressed.  Instead of using pure tones, nonverbal acoustic stimuli were synthetically generated to match the acoustic properties of steady-state speech sounds.  These sounds did not match the acoustic spectrum of any specific phoneme.  The experimental paradigm, referred to as the repetition method, used minimal verbal instructions and incorporated a training procedure to insure that children understood the task.


In the first study (Tallal & Piercy, l973a), l2 SLI children (ages 6;9 to 9;3) were compared to same-age NL peers.  The children were presented two different 75-ms tones (100 and 305 Hz, ISI = 428 ms) and taught to respond to each tone separately by pushing one of two panels for one tone and the other panel for the other tone.  The children were then taught to respond to each of the four two-tone sequences presented (1-2, 2-1, 1-1, 2-2) by pushing the panels in the appropriate order.  After being trained in this manner, the children were tested on the same two-tone sequences using 12 different ISIs ranging from 8ms to 4,062 ms.


The NL children performed significantly better than chance level for all 12 ISIs.  SLI children did not perform better than chance at ISIs less than 305 ms.  Similar findings were obtained when the task was changed to a same/different format in which children had to push one panel when the two tones were the same and the other panel when the two tones were different.


In a second experiment with the same subjects, Tallal/ Piercy (l973b) varied the duration of the tones and the modality of stimulus presentation.  Seven different ISIs were used ranging from 8ms to 428 ms.  Four durations were examined: 75, 125, 175, and 250 ms.  The SLI children performed below the level of NL children for all ISIs below 150 ms for the 75 and 125 durations.  When the tone duration was l75 ms, the SLI children performed more poorly than the NL children only when ISIs were less than 15 ms.  No group differences were found for the 250 ms tone.


The same procedures were used next to compare each group's ability to process visual stimuli consisting of light flashes of two different shades of green.  Children were tested at several ISIs ranging from 30 ms to 428 ms.  No significant group differences were found for any of the ISIs.


Based on the findings from these two studies, Tallal and Piercy suggested that SLI children have difficulty processing auditory information that is presented at a rapid rate.  The time available for processing appeared to be critical for adequate performance.


In their next study, Tallal/Piercy (l974) tested the same children using synthesized vocal and consonant stimuli.  The two vowel stimuli corresponded to [ ] and [ ]; the two consonants corresponded to [ba] and [da].  The SLI and NL children performed similarly on the vowel stimuli.   This was not the case for the consonant stimuli.  Fewer than half of the SLI children could discriminate between [ba] and [da], and only two of the children who could discriminate the syllables were able to perform the sequencing task successfully.  The same-different task revealed similar group differences.  


Tallal/Piercy (l975) attempted to demonstrate that the findings from the l974 study were due to the short duration of the distinguishable information in [ba] and [da], not to the transitional nature of the information.  The same children were first presented synthesized vowel stimuli containing an initial 43 ms steady-state vowel followed immediately by a different steady-state vowel of 207 ms ([ ] or [ ].  Then they were presented synthesized [ba] and [da] with the same duration as those in the previous study, but with the formant transitions extended from 40 to 80 ms.


With these modified stimuli, the findings of the l974 study were reversed.  The SLI children now had difficulty with the vowel stimuli on all tasks and all ISIs, while performing at the same level as the NL children on the consonant stimuli with the extended formant transitions.  These findings confirmed Tallal and Piercy's contention that the rate of presentation and duration of the acoustically discriminable information were the major factors influencing SLI children's performance.


In a subsequent series of studies with a different sample of children, Tallal/Stark/Kallman et al. (l980a,b, l981) sought to validate and extend the findings from initial series of studies.  Subjects in these studies were 36 SLI children from 5 to 9 years of age and 38 age matched peers.  The auditory stimuli were the same 75 ms tones used in Tallal/Piercy (l973a).  The visual stimuli were changed from the earlier study.  Slides of two nonsense letters were presented as light flashes 75 ms in duration.  ISIs of l0, 70, and 500 ms were used in all tasks.  


Both groups performed similarly on the discrimination task.  On the sequencing task, the NL children performed better than the SLI children at all ISIs in both modalities.  The poor performance of the SLI children for the visual modality was inconsistent with previous findings (Tallal/Piercy, l973b).  Tallal et al. suggested that age differences in the subject populations may explain the differences.  Only the younger SLI children (5- and 6-year olds) performed poorly on the visual tasks.  The older children, who were approximately the same age as the children in the previous study, performed poorly only in the auditory modality.


Tallal et al. (1980a) examined the same children's ability to differentiate between three CV syllables beginning with [b] and three CV syllables beginning with [d].  The stimuli were 250 ms in duration.  Only 14 of the 34 SLI children performed at a p < .001 criterion compared to 24 of the 38 NL children.  The 14 SLI children who met the criterion participated in a subsequent study by Tallal et al. (l980b).  In one condition, the CV syllables used in the previous study were combined and presented with a 500 ms ISI (e.g., [be-bi], [ba-di]).  In the other condition, synthesized words using the same syllable combinations were created with shorter ISIs between the syllables (50ms) and shorter overall duration of the syllables.


The two groups performed comparably in the first condition, just as they did in the first study (Tallal et al., l980a).  In the second condition, however, the SLI children performed significantly worse than the NL children.  These findings led Tallal et al. to conclude that the rate specific deficit in processing auditory information includes the processing of linguistically meaningful stimuli.  


Tallal/Stark (l981) examined the ability of the same children to discriminate other types of verbal stimuli (e.g., [da]-[ta], [dab]-d  b], [sa]-[sta]).  For each contrast, the children heard a random list of syllables and had to press a response panel when one of the syllables was heard.  No response was required for the other syllable.  The SLI children performed more poorly than the NL children on three stimulus pairs: [ba]-[da], [da]-[ta], and [da]-[ a].  As Leonard notes (1987, p. 16), what is interesting about this finding is that brevity of acoustic cues did not have the same effect for all stimuli.  The SLI children were able to distinguish between [ ] and [ ] even though they were only 40 ms in duration.  Tallal and Stark suggested that SLI children's difficulty may lie with stimuli whose acoustic cues are brief and are followed in rapid succession by other acoustic cues.


Bernstein/Stark (l985) reported the results of a four-year follow-up study of the children who participated in the l980/81 studies.  Fourteen NL and 29 SLI children were retested.  The children now ranged in age from 8 to 12 years.  The tasks (discrimination, sequencing, and serial memory) and stimuli ([ba] and [da]) were the same ones used in the earlier studies by Tallal/Piercy (l974).  Both groups of children performed at the same levels on the various tasks.  Only one SLI child failed to meet the p < .001 criterion for sequencing with the longest ISI.  


The findings from this study clearly indicated that SLI children's perceptual abilities improved with age.  However, the extent of development was unclear because the tasks were too easy for both groups of children.  The ceiling effects on the tasks made it impossible to consider the relationship between perceptual abilities and language impairment in older SLI children.  The SLI children might perform below age level on more advanced perceptual tasks.  Importantly, the data support the conclusion that early perceptual deficits do not preclude subsequent language development.

Relating Perceptual Skills to Measures of Speech and Language

The studies discussed thus far have addressed two of the three concerns raised by Rees (l973, l981).  Her third concern was that researchers had not established a positive relationship between the extent of the auditory processing deficit and the nature or extent of the language impairment.  Tallal/Stark/Curtiss (l976) addressed this concern by comparing the speech production abilities of the SLI and NL children in the Tallal and Piercy studies.  Speech proficiency was evaluated by having these children name pictures of objects and nonsense syllables.  The SLI children were found to make many more errors than the NL children.  Not surprisingly they made more errors on stop consonants and consonant clusters than on vowel and nasal sounds.  Because the SLI children had the most difficulty on sounds containing rapid acoustic changes, Tallal/Stark/Curtiss concluded that auditory processing limitations were responsible for the speech errors.


In a subsequent study, Stark/Tallal (l979) further analyzed the stop consonant errors and found that the greatest number of errors were in voicing (b/p) followed by place of articulation (d/g).  However, as Leonard (l987, p. 19) has noted, no substitutions of b/d or d/b were found, a finding that would be predicted given the results on the auditory processing tasks.


In a more recent study, Curtiss/Tallal (in press) examined the relationship of higher-level language abilities to performance on the auditory processing tasks.  Subjects were 67 SLI children, 57 age-matched peers, and 32 language-matched peers who were followed for five years beginning at age four.  Measures of language included the receptive and elicited production tests from the CYCLE (Curtiss/Yamada l988).  The receptive tests consisted largely of sentence-picture matching items.  The production task used a sentence-completion format.  To examine the relationship between nonlinguistic sequencing impairments (poor performance on the temporal processing task) and language acquisition, items from the CYCLE were organized into two separate clusters: a +sequentially-cued (+sc) cluster in which word order uniquely signalled grammatic and thematic role and a -sequentially-cued (-sc) cluster in which "key formatives" cued roles and relations.  The +sc cluster consisted of reversible SVO sentences, such as "The girl is pushing the boy" vs. "The boy is pushing the girl."  In these sentences, word order provides the only cue to the relationship between the noun phrases and the verb.  The -sc cluster included attributive, stative, and negative sentences, such as "The ball is big" vs. "The ball is little" and "Here the boy is pulling the wagon but here the boy is not pulling the wagon."


The key finding was that the SLI children performed significantly worse on the +sc cluster than on the -sc cluster.  The age-matched normals consistently performed better than the SLI children and showed no difference in performance levels for the two clusters.  Performance on the nonverbal sequencing tasks and the +sc cluster was moderately correlated at years 2 (.49) and 3 (.39) of the study.  Based on these findings, Curtiss and Tallal suggest that a nonlinguistic sequencing impairment may impact directly on the processing of linguistic structures when the sequential order of linguistic elements uniquely signals important grammatical or semantic information.

Other Research on SLI Children's Perceptual Abilities

Tallal and her colleagues have not been the only investigators who have examined the perceptual abilities of SLI children.  In this section, selected studies from other researchers are reviewed. 


Tomblin/Quinn (l983) questioned whether SLI children's poor performance on the rapid processing tasks might be the result of factors other than an inherent deficit in temporal resolution ability.  In their study, 10 NL children (ages 5;8 to 6;9) were administered the repetition task five times over a 5-7 day period.  As expected, the children performed better on stimuli with longer ISIs.  However, the children also performed better across the session.  The finding that temporal processing abilities improve with experience led Tomblin and Quinn to suggest that poor performance on the task may be caused by limited experience, attention, or the inability to use appropriate processing strategies.


Thal/Barone (l983) examined whether SLI children were more successful identifying and sequencing linguistic or nonlinguistic stimuli.  They were particularly concerned with the clinical implications of an auditory processing deficit.  Subjects were eight SLI children (4;2-8;1 years).  In the first experiment, subjects were asked to identify and sequence the stimuli in two conditions: (a) a tone condition in which only complex tones were heard, and (b) tone plus word condition in which the words low and high were presented before the tones.  Children's performance was either the same or better in the word condition.


In a second experiment, three SLI children were ask to identify and sequence complex tones and 2-, 3-, and 4-word utterances.  Children again performed better in the linguistic condition than in the tone condition.  The findings from this study are not that surprising.  As Tallal/Stark (l980) noted several years before, SLI children benefit from the complexity and redundancy in the acoustic signal in the same way as NL children.  After acknowledging this point, Thal and Barone argue that that it makes no sense to use nonlinguistic stimuli in therapy with SLI children.


Some recent studies by Elliott and her colleagues have been more successful than Bernstein/Stark (1985) were in identifying perceptual problems in older SLI children.  In a longitudinal study, Elliot/Hammer (l988) presented a set of fine-grained auditory discrimination tasks to 21 SLI and 21 NL children over a three-year period.  At the beginning of the study, the children averaged 7 years of age.  The SLI children were all enrolled in a classroom for language-learning problems.  Over the three years of the study, the SLI children consistently performed more poorly than the NL children on the Peabody Picture Vocabulary Test (Dunn/Dunn l981), The Token Test for Children (DiSimoni l978), and the Templin-Darley Screening Test of Speech Articulation (Templin/Darley l969).  No other information was given about the specific nature of the children's language problem.  All the children were reported to have normal intelligence.


The stimuli were two continua of CV stimuli [ba-pa] and [ba-da-ga].  For [ba-pa], a five formant, eight item continuum that varied in VOT from 0-35 ms was created.  For [ba-da-ga], 13 items were created, each having five formants.  With these stimuli, it was possible to determine the smallest acoustic differences ("just noticeably differences" JNDs) that could be discriminated.  On every trial, two syllables were presented sequentially with a 500 ms ISI.  Subjects had to make same-different judgments by pushing one of two response buttons.  


The JNDs for the SLI children were nearly always larger than those for the NL listeners in each year of testing.  The differences tended to be statistically significant for the VOT continuum, but not for the place-of-articulation continuum.  Based on these findings, Elliot and Hammer concluded that SLI children continue to have auditory discrimination problems past the pre-school years and also continue to exhibit speech and language problems.


In a subsequent report, Elliott/Hammer/Scholl (l989) found that the auditory discrimination task correctly categorized nearly 80% of 138 six- and 7-year old SLI and NL children and nearly 65% of 156 eight- to ll-year-olds according to their school placements.  Children who were misclassified were more likely to be put in the NL group rather than the SLI group.  Performance on the auditory discrimination task were highly correlated with the two measures of receptive language (PPVT and TTC) for the younger children, but not for the older children. 


Leonard (l989) has recently used cross-linguistic comparisons of Italian, Hebrew, and English speaking SLI children to support the relationship between rapid auditory processing deficiencies and specific linguistic deficiencies.  He begins by noting that the most striking aspect of SLI children's language is their extraordinary difficulties with grammatical morphemes (e.g., Johnston/Kamhi l984; Johnston/Schery l976).  These morphemes include inflected forms, such as the past tense, possessive, and plural, and function words such as articles and auxiliaries.   Although SLI children consistently have trouble with grammatical morphemes, some morphemes cause less problems than others.  The irregular past tense and present progressive -ing emerge only slightly below MLU expectations.  Italian and Hebrew children also show different patterns of morpheme use (Leonard l990; Leonard/Sabbadini/Volterra et al. l988).


Using Pinker's (l984) learnability theory, Leonard 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.


The perceptual characteristics of low phonetic substance morphemes closely resemble the characteristics of acoustic stimuli that SLI children have difficulty processing.  The studies by Tallal and colleagues have shown that SLI children have difficulty whenever the duration of the contrastive feature of the stimulus is shorter than other portions of the stimulus (e.g., [ba-da], [da-ta], but not dab-d  b].  A defining feature of low phonetic substance morphemes is their shorter duration relative to adjacent portions of the word or utterance.


Leonard also martials evidence from the speech production literature.  He argues that final consonant deletion and weak syllable deletion that are common in the speech of SLI children also support the low phonetic substance explanation.


Leonard next attempts to show how Pinker's theory can explain the difficulty SLI children have with other language forms and structures.  He suggests that the difficulty SLI children have with morphemes may impede their ability to parse sentences and thus develop new phrase structure rules.  Leonard acknowledges, however, that this explanation is weak.  He also notes that the definition of low-phonetic substance is simplistic because once a certain absolute duration is reached, relative duration may not be important (p. 193).  It also seems that low phonetic substance provides a reasonable explanation for protracted acquisition of grammatical morphemes, but not does 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).

Evaluation

The large body of literature documenting the below age-level performance of SLI children on rapid processing tasks is compelling.  The studies by Tallal and her colleagues as well as other investigators have 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 the alternative view).  The "neural timing deficit," as Tallal (1988, p. 164) recently refers 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 specific language impairment (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 discussed in this section.  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 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.  Some of the problems with the "low phonetic substance" hypothesis have already been discussed.  The most serious problem, as pointed out by Leonard himself, is that the hypothesis does not account well for SLI children's problems with other language forms and structures.


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.  However, the perceptual deficit does not account well for continued problems with these language forms (e.g., through childhood and adolescence) nor does it account well for other language problems.  As noted earlier, the ability of older SLI children to read grammatical morphemes eliminates any causal role for perceptual processing.  The most pessimistic interpretation of the data is to argue that all the findings merely establish a strong correlation 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, with a language deficit rather than a perceptual deficit being the primary or initial problem.  That is, it is an initial higher-level language deficit that causes poor performance on certain perceptual processing tasks.  Although the perceptual deficit is "secondary" to the language deficit, it can adversely affect subsequent language development.  

            Conceptual and Representational Aspects

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.  Dissatisfaction, however, with perceptually-based explanations of specific language impairment led researchers to look for cognitive-based explanations for the impairment.  Two articles first published in 1973, one by Rees and the other by Morehead and Ingram, were the first to suggest that SLI children might suffer from a more general cognitive impairment.  Rees did not speculate what the nature of cognitive deficit might be, but Morehead and Ingram suggested that SLI children might be deficient in symbolic representational abilities.


The theoretical justification for Morehead and Ingram's suggestion is found in Piagetian views of language development.  According to Piaget (e.g., l952), 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 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 et al. l984; Roth/Clark l987; Savich l984; Terrell/Schwartz/Prelock et al. l984) have 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.  In the sections to follow, representative studies in these two areas will be reviewed.

Symbolic Play

Lovell/Hoyle/Siddal (l968) are generally credited as being the first researchers to investigate symbolic play abilities in SLI children.  They compared 10 SLI and 10 children (ages 3;4 to 4;8) using Lunzer's (l959) adaptation and interaction play scales.  No differences in symbolic play were found in the 3-year-old children.  The play activities of the 4-year-old SLI children were more concrete, less cooperative, and less organized than the age-matched NL children.  A significant positive relationship was also found between the SLI children's MLU and the amount of time they spent in symbolic play.


Brown/Redmond/Bass et al. (l975) presented 10 SLI and 10 age-matched NL children (ages 3;0 to 5;0) with specific toys and asked them to pretend that they were performing certain activities, such as having a birthday party.  The SLI children showed less adaptiveness in their pretend play and less integration of play behaviors around a theme than the NL children.


Terrell et al. (l984) gave the Symbolic Play Test (Lowe/Costello l976) to 15 SLI (ages 2;8 to 4;1) and 15 NL children (ages 1;4 to 1;10) matched for language age.  Both groups were at the single-word level.  The SLI children exhibited significantly higher symbolic play skills than the younger NL children.


Roth/Clark (l987) compared the symbolic play and social participation of six SLI (ages 5;1 to 7;10) to eight NL children (ages 2;8 to 3;0) matched for MLU (M = 3.3 morphemes).  Play behaviors were assessed using three measures: (a) the Scale of Social Participation in Play, (b) the Symbolic Play Test, and (c) a modification of Lunzer's Play Scale.  Compared to the NL children, the SLI children showed significant deficits in symbolic, adaptive, and integrative play behaviors.  The SLI children also exhibited significantly more nonplay and less solitary and parallel play than their NL peers.


Thal/Bates (l988) recently compared symbolic gestures in nine late talkers (ages 18-32 months) and NL children matched for age and language level.  The late talkers were not yet using word combinations and fell below the 10th percentile in the size of their expressive vocabulary.  On a single scheme imitation task, designed to be a gestural analog of lexical production, the late talkers performed similarly to the NL children matched for language level.  On a multischeme task, designed to be the gestural analog of syntax, the late talkers performed like the age-matched peers, which was significantly better than the performance of the younger language-matched children. 



Mental Imagery

The earliest reports of a connection between mental imagery and language came from Piaget's colleagues Inhelder (l966) and de Ajuriaguerra, l966; cited in de Ajuriaguerra/Jaeggi/Guigard et al. l976).  De Ajuriaguerra et al. found that 17 SLI children (ages 4;3 to 10;10) had difficulty with imagery tasks that involved analyzing the movement of a projected shadow.  Johnston/Ramstad (l978/l983) followed this initial work with a preliminary study of seven SLI children's (ages 10;4 to 12;1) performance on a variety of Piagetian tasks.  They found that the SLI children performed poorest on the mental imagery tasks that had little opportunity for physical manipulation of materials.


Kamhi's (l981) study was the first to include comparison groups.  The performance of 10 SLI children (mean age 4;11, mean MLU 4.82) on six Piagetian tasks was compared to groups matched for MA and MLU.  On five of the tasks, the SLI children performed comparably to the MA-matched group.  On the sixth task, Haptic Recognition, the SLI children performed significantly worse than the MA-matched group, but significantly better than the MLU-matched children.  Not coincidentally, this task, which involves blindly feeling geometric forms and then pointing to the corresponding shape from a visual array, was the only one that clearly required mental imagery.


Johnston/Ellis Weismer (l983) used a mental rotation task to investigate mental imagery abilities.  Subjects were shown drawings of pairs of linear arrays of geometric forms and asked to push one of two buttons corresponding to same or different.  Arrays were presented parallel or with the right hand array rotated either 45, 90, or 135 degrees.  Subjects were six first-grade and six third-grade SLI children and age-matched controls.  A significant linear relationship between degree of rotation and reaction time was taken as evidence that children in all groups used imagistic processes.  SLI children did not differ from NL children in accuracy of judgment and the number of training trials required, but they did respond more slowly.  These findings led Johnston and Ellis Weismer to conclude that SLI children have difficulty generating, maintaining, and/or interpreting mental images rather than difficulty transforming images.


Savich (1984) compared the performance of 18 SLI and age-matched NL peers (ages 7;6 to 9;6) on five imagery tasks.  The SLI children were less successful than their age peers on all five tasks.  For example, they had difficulty predicting the position of a "snail" on a circular path, the position of fold lines on paper squares, and the configuration the best represented the assembly of a set of shapes.


Imagery tasks (haptic recognition, paper folding, and form completion) were among the tasks used by Kamhi and his colleagues in two other studies (Kamhi/Catts/Koenig et al. l984; Kamhi/Catts/Mauer et al. l988).  In both studies, SLI children again performed significantly worse than NL peers.

Evaluation

As Johnston (l988) noted in her summary of the symbolic play and mental imagery research, the search for an underlying symbolic representational deficit seems to have paid off.  SLI children consistently perform more poorly than NL peers on symbolic play and mental imagery measures.  Correlations between performance on these tasks and measures of language (particularly receptive measures) generally have been moderate and significant (Kamhi et al. l984; Savich l984).  In addition, Johnston pointed out that relative performance levels of verbal and nonverbal symbolic abilities are exactly in line with what would be expected for two cognitive systems that share a common symbolic feature, but differ in other aspects.  In other words, verbal abilities have been reported to be better than nonverbal symbolic abilities (Roth/Clark l987), equivalent to them (Terrell/Schwartz l983), and worse than them (Kamhi l981; Savich 1984).  The data are thus consistent with the view that the linguistic impairment in SLI children reflects a more general deficit in symbolic representation.


Although the data support the symbolic representation hypothesis, the explanatory adequacy of this view has been questioned in recent years.  Johnston (l988) raises the possibility that SLI children's symbolic deficits may reflect a more pervasive cognitive limitation that affects both symbolic and nonsymbolic aspects of mental activity.  In other words, there are other cognitive limitations that may provide better explanations for the data.  Johnston did not speculate what the nature of these limitations might be, but several possibilities will be considered in subsequent sections of this chapter.


A related problem with the symbolic deficit view is that it implies that there is one symbolic representational process.  Many cognitive processes are involved in symbolic tasks, however, including encoding, storing, integrating, interpreting, and retrieving information.  To say that a child has a deficient symbolic function fails to specify where the actual breakdown may occur.  Concluding that a general symbolic deficit underlies a specific language impairment thus has little explanatory adequacy.


A final problem with the symbolic deficit view is that the degree of symbolic deficit found in SLI children does not account well for the extent and type of linguistic deficiencies demonstrated by SLI children (Kamhi l981).  This is because on most symbolic tasks, SLI children perform more poorly than age-matched peers, but better than younger normal children with comparable language abilities.  Clear structural parallels between nonlinguistic symbolic skills and SLI children's language problems also have rarely been shown.  For example, what is the relationship between language and the ability to anticipate mentally the future position of a snail?  Although some would argue that claims were never made about structural parallels, the lack of such parallels further detracts from the explanatory adequacy of the view.

Hierarchical Planning

One alternative explanation for SLI children's difficulty with verbal and certain nonverbal tasks has been offered by Cromer (l981, l983).  He suggests that a central planning mechanism is necessary in order to convert thoughts and intentions that are not temporally ordered into events that occur in real time.  He refers to this as a hierarchical planning ability and suggests that this ability may be crucial both for the organization of incoming stimuli in perception and for the production of behavior (1983, p. 145).  


Cromer (l983) cites research on SLI children's sense of rhythm to support his view.  Kracke (l975), for example, found that 12 year-old receptively disordered SLI children performed significantly worse than NL or deaf peers identifying rhythmic sequences presented verbally and tactilely.  In contrast to the NL and deaf children who processed the patterns in a Gestalt manner as wholes, the SLI children processed the rhythms element by element.  Cromer suggests that an impairment of a more basic hierarchical planning ability may underlie SLI children's rhythmic problems.


In Cromer's (l983) study, he studied hierarchical planning using a construction task adapted from Greenfield/Schneider (l977).  In the first task, children were shown a line drawing of a symmetrical tree structure and asked to copy the figure.  In the second task, children were shown a completed 3-dimensional mobile built from plastic straws and asked to duplicate it.  Subjects were five severely receptively impaired children (ages 9;6 to 16;4) diagnosed as having "acquired aphasia with convulsive disorder," seven children diagnosed as having a primary expressive language impairment (ages 8;5 to 12;10), 12 profoundly deaf children, and 12 NL children matched for age to the disordered children.  All the subjects performed within normal limits on a performance IQ test.  
On both tasks, the performance of the two groups of SLI children were treated as one group because task performance was comparable.  The measure of hierarchical planning was the number of shifts in construction from one subunit to another.  Shifts that involved crossing from one side of the figure to the other were given a double weighting.  A chain or sequential strategy resulted in a zero score.  The most interrupted strategy--shifting every time--resulted in a score of 25.  On both tasks, the SLI children obtained significantly lower scores than both their deaf and NL peers.  Five of the SLI children were never able either to copy or build the figures hierarchically, though they were able to complete the same tasks in a serial manner.  In contrast, all 12 NL children and 11 of the 12 deaf children were able to do at least one task hierarchically.


Although Cromer is careful to make no claims about a direct parallel between language and action, he does argue that it is difficult to imagine how a severe deficit in hierarchical planning could fail to affect language.  Unfortunately, Cromer fails to specify the nature of the language deficits one would expect to result from such a disability.  One might speculate that individuals with a hierarchical planning deficit would exhibit some difficulty producing well-organized spoken and written narratives, event descriptions, and related discourse forms.

Evaluation

Cromer's notion of a hierarchical planning deficit is provocative, despite its lack of specificity.  The finding that many SLI children had difficulty on the two tasks clearly indicates that something is amiss.  Why is it that these children could not create a hierarchically organized representation of the drawing and the mobile?  The difficulty may not be in planning, which Cromer defines as the conversion of sequential events into real time events.  Rather, the difficulty may lie in the actual construction of a hierarchically organized representation.  SLI children's representational systems may be organized more sequentially than those of NL children.


Although Cromer makes it a point to disclaim direct parallels between language and action, the specific impact a hierarchical planning deficit would have on language needs to be addressed.  Future studies are needed that attempt to find parallels between such a deficit and particular linguistic deficiencies.

Hypothesis Testing

Current views of language acquisition suggest that children learn language through a process of formulating and testing hypotheses about specific conceptual domains and linguistic rules (e.g., Slobin l979).  Deficient hypothesis-testing abilities, therefore, might play some role in explaining developmental language disorders.  Researchers have examined this possibility by observing SLI children's performance on various concept formation and discrimination-learning paradigms.  In a typical experiment, children view a series of cards each displaying two geometric shapes.  One of the forms contains the correct hypothesis (e.g., large, small, circle, or square).  On each trial, children point to the form containing their current solution to the problem.  Periodic feedback allows the children to evaluate and modify their hypotheses.  "Blank-trial probes," in which no feedback is provided, enable the experimenter to determine the child's hypothesis, the assumption being that the child will maintain a hypothesis if no feedback is provided.  Children could use simple object hypotheses (problem solutions are always of this type), alternation hypotheses (left/right, right/left), position hypotheses (left or right), or no hypothesis.


Four studies of this general type have been conducted with mixed results.  In the first study conducted, Hoskins (l979) compared the hypothesis-testing abilities of 20 eight-year-old SLI and NL children.  The SLI children reportedly suffered from moderate-to-severe receptive language deficits.  Hoskins' major finding was that the SLI children needed significantly more trials to complete each problem and "frequently" did not solve the problems, given the maximum number of trials (46).  SLI children also maintained an incorrect hypothesis after corrective feedback more frequently than the NL children.  Based on these findings, Hoskins suggested that SLI children may have an underling lack of flexibility in problem-solving ability.  


Kamhi/Nelson/Lee et al. (l985) raised some concerns about Hoskins' findings.  The poor performance of the SLI children could have been the result of generally lower cognitive abilities because cognitive level was not controlled in the subject selection procedures.  Another potential problem was that Hoskins gave children only three problems to solve.  These methodological concerns were addressed by Kamhi et al. (l985).  Subjects were 15 SLI children (mean age 5;8), 15 NL children matched for nonverbal mental age using the Columbia, and 15 NL children matched for language age based on the Zimmerman Preschool Language Scale (Zimmerman/Steiner/Evatt l979). 


Children were presented 10 learning-set problems and 15 orthogonal problems.  For learning-set problems, the same two stimulus picture are paired on each feedback trial.  Only the position of pictures varies, allowing children to solve the problems simply by being sensitive to the type of feedback provided.  For the orthogonal problems, stimulus pairs on feedback trials are sequenced such that any any two consecutive feedback trials logically specify a single hypothesis as the problem solution.  In order to solve orthogonal problems, children have to retain information from one feedback trial to another and be able to rule out incorrect hypotheses in a systematic manner.


The performance of all three groups was comparable for the learning set problems.  Children took approximately the same number of problems to reach criterion (about 6), used simple object hypotheses 90% of the time, and responded similarly to feedback.  Of potential significance was that two additional SLI children were tested who could not reach criterion within 40 problems.  One other SLI child needed 25 problems to reach criterion; 8 was the next highest number of problems needed.


On the orthogonal problems, the SLI children solved significantly more problems than the language-aged matched children.  There were no differences between the SLI children and their MA-matched peers.  The younger NL children used significantly fewer simple object hypotheses and maintained disconfirmed hypotheses significantly more often than the other two group.  Importantly, the SLI and NL children did not do well in solving the orthogonal problems.  The SLI children solved only 28% of the problems compared to 19% for their age peers.  Based on these findings, Kamhi et al. concluded that SLI children do not appear to have a a basic deficit in generating or testing hypotheses.


In a subsequent study, Nelson/Kamhi/Apel (l987) modified the standard blank-trial probe paradigm by providing exemplar trials with explicit feedback to make the task less demanding for six-year old children.  Subjects were 15 SLI children and 15 NL children matched for nonverbal MA based on the Columbia.  The mean age was 6;1 for both groups.  Each subject received 10 problems with explicit feedback and 10 problems with nonexplicit feedback.  The explicit feedback was a three-term verbal description of the correct object.  For example, "the answer is in the picture of the little, black, square."  On exemplar trials, the experimenter pointed to the correct figure.


Both groups of children benefitted from the exemplar trials.  The NL children increased their proportion of problems solved from 19% to 80%, whereas the SLI children increased from 28% to 50%.  The NL children clearly benefitted more from the reduction in processing demands than the SLI children.  The type of feedback provided had no effect on the performance of the NL children.  They solved approximately the same number of problems and used the same number of simple object hypotheses on problems with explicit and nonexplicit input.  In contrast, the SLI children had considerably more difficulty solving problems with nonexplicit input.  


In explaining these findings, Nelson et al. suggested that the explicit verbal input may have reduced the encoding demands of the discrimination learning problems.  The explicit verbal descriptors directed children to attend to particular cues, such as size or shape, and made it unlikely that they would attend to irrelevant cues such as position.  Nelson et al. went on to claim that SLI children seem to have particular difficulty encoding information as opposed to storing and retrieving it.


Ellis Weismer (in press) tested the claims made by Nelson et al. about encoding demands.  Rather than presenting stimulus cards individually across a series of trials, the 20 items were presented on one stimulus board so subjects could view all previously presented stimulus items.  Subjects were 16 SLI and 16 NL children (mean age 7;1).  The SLI children solved significantly fewer problems than the NL children, but type of verbal feedback (explicit or nonexplicit) had no significant effect on either group's performance.  Based on these findings, Ellis Weismer concluded that SLI children exhibit problem solving deficiencies that cannot be attributed to solely to memory (encoding) limitations.


A closer look at the data reveal some puzzling findings, however.  Despite being one year older, Ellis Weismer's subjects solved fewer problems than the children in the Nelson et al. study.  This was particularly true for the SLI children who only solved two problems in Ellis Weismer's study compared to six problems in the explicit condition and four problems for the nonexplicit condition in the Nelson et al. study.  The NL children also solved more problems in the Nelson et al. study.  Thus, the reduction in memory demands did not make the problems easier to solve.  Perhaps having all of the stimulus on one card created too much "noise" for the children, causing a decrement in performance levels.  

Evaluation

Despite the methodological differences across studies, the data tend to show that SLI children have difficulty solving discrimination learning problems.  This difficulty does not, however, appear to be caused by an inability to generate or test hypotheses (Kamhi et al., l985).  SLI children generated the same proportion of simple object hypotheses as NL age peers.  The two most recent studies by Nelson et al. (l988) and Ellis Weismer (in press) raised some questions about the short-term memory demands of the tasks.  Clearly, solving discrimination learning tasks taps many different cognitive processes, not simply hypothesis-testing abilities.  The conflicting findings of the two most recent studies indicate that the difficulty SLI children have solving discrimination learning problems has yet to be adequately explained.


Another issue concerns the relationship between the explicit, conscious hypothesis-testing abilities employed in discrimination learning problems and the implicit, largely unconscious comparison processes involved in language learning.  We might be comparing apples and oranges here; that is, the hypothesis-testing processes involved in discrimination learning problems and language learning might be qualitatively different (Johnston l987).  This indeed seems to be the case.  Preschool and young school-age normally developing children, whose language is quite sophisticated, are unable to solve the orthogonal problems presented (Kamhi et al. l985).  One would be hard-pressed to make claims for a direct relationship between hypothesis-testing abilities and language learning.  SLI children's deficient problem solving abilities at best reflect some basic cognitive processing inefficiency that affects language learning as well as nonverbal task performance.

Analogical Reasoning

Within the past few years, there has been increasing interest in the development of analogical reasoning in young children.  Such reasoning is assumed to represent a central mechanism in learning, transfer, and discovery (Brown l989; Holyoak l984; Sternberg l985).  Analogical reasoning involves applying or transferring existing knowledge (a familiar concept) from a known situation to a novel one, even if the two situations are superficially dissimilar.  Analogical reasoning also has a rich history in theories of language acquisition.  For example, according to Bloomfield (1933/1961), a grammar is a description of the analogies that hold for a language.  More recently, MacWhinney (l978) includes analogy as one of the three central constructs underlying language acquisition.


Traditionally, analogical reasoning has been examined by having subjects respond to proportional analogies of the form "A is to B as C is to D" (e.g., Nippold/Erskine/Freed l988; Sternberg & Nigro, l980).  An example of a proportional analogy is "Meaning is to semantics as sound is to ?"  Performance on proportional analogies, however, provides little information about the factors that influence analogical reasoning and the processes involved in reasoning analogically.  These processes involve (a) learning the solution to the original problem, (b) noticing the correspondence between the known solution and the target problem, (c) retrieving the solution in terms of its general structure, and (d) applying the solution to the target problem (see Gholson, Eymard/Morgan/Kamhi l987).


Only two studies have examined analogical reasoning abilities in SLI children.  Nippold et al. (l988) found that 6- to 8-year-old SLI children performed more poorly than NL age peers on three analogical reasoning tasks.  However, when differences in nonverbal intelligence were statistically controlled, the group differences on each task disappeared.  The tasks used were two proportional analogies and a story problem adapted from Holyoak/Junn/Billman (l984).  In the story problem task, transfer performance in both groups of children was not good because only one analog was presented.  Only one SLI children and two NL children solved the transfer problem without hints.


Kamhi/Gentry/Mauer et al.(l990) used the trial-by-trial acquisition procedures developed by Gholson et al. (l987) to compare analogical reasoning processes of 16 SLI children (ages 6;4 to 8;9) and 16 NL children matched for nonverbal MA.  All children received two analogs of the Farmer's Dilemma (Wickelgren 1974), that required a specific sequence of seven moves to solve.  In this problem, the subject must find a way to get a fox, goose, and corn across a river without anything being eaten.  However, only one thing can be taken across the river at a time and the fox will eat the goose and the goose will eat the corn if either pair is left alone.  The key move in solving the problem is taking the goose back across the river after it has already been taken across.  Two analogs of this problem were created: one involving a lion, pony, and oats and the other a wolf, rabbit, and carrots.  The constraints and goal structure of all the problems were similar.


Half of the children viewed physical demonstrations of the problems while they heard the verbal presentations of the problems.  The remaining children heard only verbal presentations of each problem.  Data consisted of (a) number of trials to reach the acquisition criterion, (b) the number of moves in the transfer task, and (c) trial-by-trial analyses of the proposition represented in the recall protocols.


For the acquisition data, the SLI children in the verbal-only condition needed significantly more trials (M = 15) to reach criterion than the other SLI children and the NL children in both conditions (M = 5 trials).  No significant differences were found on the transfer task.  The analyses of the recall data found that SLI children in the verbal-only condition were less likely to include the key back-up proposition in their recall protocols.  

Evaluation

The age-level performance of the SLI children in the "modeling" condition can be taken as evidence that analogical reasoning abilities are intact in SLI children.  The difficulty they have learning language thus is not likely due to deficient analogical reasoning skills.  However, the way in which the problems were presented had a significant impact on SLI children's problem solving abilities.  SLI children's problem solving abilities decreased considerably when the story analogs were verbally presented without accompanying physical demonstrations.  Although the findings are consistent with the notion that SLI children suffer from a verbal processing deficit, the perceptual studies reviewed earlier suggest that it was not the nature of the input (verbal or nonverbal) that determined performance, but the extent to which the input placed demands on SLI children's processing system (Stark/Tallal l988).  Input that occurs rapidly in time, such as speech, places particularly high demands on processing resources, resulting in a decrease in the quality of memory codes and the likelihood that these memory codes will decay rapidly over time.  Of significance here is that SLI children will be at a disadvantage whenever a problem-solving task is presented verbally without accompanying visual support or when a time factor is involved.

  The Search For Causal Factors: Conclusions and Future Directions

Reading or writing a review of SLI children's perceptual and cognitive strengths and weaknesses is bound to leave one feeling somewhat unsatisfied.  This is because no single factor (perceptual or cognitive) 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 arguments 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).  At one level, all of the studies reviewed in this chapter have attempted to identify a contributing factor or possible cause of specific language impairment.  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.  This leads most writers to speculate that SLI is caused by a variety of factors.  


Leonard, however, 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.  There is, however, a more optimistic view of the causally-oriented research reviewed in this chapter.  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 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) proposes four reasons why it is important to know about why SLI children have difficulty learning language.  First, there is the level of science to which we want our profession to aspire.  Without explanatory power, she argues, ours is a dead-end science, with the risk that we might become a dead-end profession.  Second, there is 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?"


Aram's third reason is that the identification of causal factors has major implications for intervention programs.  Finally, there is the issue of prevention.  Aram argues that only through understanding "why" can we have an impact on preventing specific language impairments.  If we act as if 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.  If the research on SLI children's perceptual and cognitive abilities is viewed in this light, several conclusions can be drawn.  SLI children:

1.  Have difficulty perceiving and producing information rapidly in time (Stark/Tallal l988).  The poor performance of the SLI children on visual tasks suggests that this processing deficit is not specific to auditory input.

2.  Have no difficulty perceiving and producing information that is not presented rapidly (Stark/Tallal l988).

3.  Exhibit deficient symbolic, adaptive, and integrative play skills (Roth/Clark l987; Terrell et al. l984).

4.  Have difficulty generating, maintaining, and interpreting mental images (Johnston/Ellis Weismer l983; Savich l984).

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


66.  Show deficiencies in hierarchical planning (Cromer l983).

7.  Have difficulty solving certain complex reasoning problems (Weismer in press; Kamhi et al. l990; Nelson et al. l987).

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

9.  Are adept in solving problems that require visual, spatial pattern analyses (e.g., Johnston l982; Kamhi/Minor/Mauer l990).


Based on these findings, 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, however, 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 3-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 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.


Another promising avenue of research is to compare SLI children's processing abilities to those of children with different developmental disabilities.  For example, Ludlow (l983) evaluated perceptual processing abilities in SLI children and children with attentional deficits who had no history of language learning problems.  She found that the children with attentional deficits also had difficulty perceiving rapidly presented information, suggesting that poor auditory perception might cause language delays only when it is accompanied by other specific cognitive deficiencies.


Another example is research my colleagues and I have conducted with young school-age SLI children and reading disabled children without a history of language impairment (Kamhi/Catts l986; Kamhi/Catts/Mauer et al. 1988).  In these studies, we compared the performance of these two groups of children on measures of visual imagery, short-term memory, rapid naming, word repetition, and phonological awareness.  Our objective in this research was to determine whether SLI and reading disabled children demonstrated similar processing limitations.  The findings from these studies revealed more similarities between the children than we expected, suggesting that the spoken language problems in school-age SLI children cannot be explained by limitations in the processes underlying mental imagery, short-term memory, and phonological awareness tasks.  If these process limitations were causally linked to the spoken language deficit, the reading disabled children should have had similar spoken language deficiencies.


It should be clear from the points made in this chapter that the causal underpinnings of spoken and written language disorders are far too complex to be sorted out by cross-sectional studies in which a particular perceptual or conceptual ability is evaluated.  But these studies have served an important function in illuminating the kinds of perceptual and cognitive abilities associated with delayed rates of language learning.  As our future research endeavors begin to reflect the refinements discussed in the previous paragraphs, we will develop a better understanding of how perceptual and cognitive abilities affect language learning throughout the developmental period.
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