

Three Perspectives on Language Processing: Interactionism, Modularity, and Holism


For many linguists and psycholinguistics, a dominant issue has been whether the language processing system is best characterized as a highly interactive one in which different sources of knowledge communicate freely or as a highly modular one composed of autonomous subsystems (e.g., Bates, Bretherton, & Snyder, l988; Fodor, l983; Frazier, l987; Tanenhaus, Dell, & Carlson, l987).  Current theories vary along several dimensions.  In terms of the architecture of the system, proposals range from highly modular and structured systems with accompanying subsystems to non-modular, monolithic, fully interactive systems.  Most models implicitly or explicitly assume that there are processing principles involving pragmatic and conceptual notions concerning the expression of communicative functions and the influence of world knowledge.  In less modular systems, such principles govern virtually all aspects of language processing (e.g., Bates & MacWhinney, l982; Chapman et al., this volume).  In more modular systems, such principles are implicitly assumed but are thought to operate only in relatively late stages of language processing.  Early stages of processing are governed by nonpragmatic principles, such as  structure or frequency-based strategies. PRIVATE 


In this chapter, I will begin by with a brief review of interactionist perspectives, focusing on the research motivated by an interactionist, limited capacity process model.  This will be followed by a summary of Fodor's views on modularity and a description of some models of intelligence (Gardner, l983) and language learning (Bates et al., l988; Chapman et al., this volume) that have incorporated modular notions.  Holistic principles will be discussed next.  The paper will conclude with a discussion of the various perspectives on language processing and some implications these perspectives have for clinical practice. 

Interactionist Views

Interactionist views lie somewhere on a continuum between a strong nativist view at one end and a behaviorist view at the other.  Interactionists acknowledge that many factors (e.g., social, cognitive, biological, linguistic) affect development and that these factors interact with and modify one another (Bohannon & Warren-Leubecker, l989, p. l8l).  Thus, not only are these factors interactive, but the causal relationships among them are also reciprocal.  Bohannon and Warren-Leubecker describe three basic interactive approaches: (a) Piaget's cognitive approach, (b) a social interactionist approach, and (c) an information processing approach.  In the Piagetian view, a child constructs cognitive structures using the processes of accommodation and assimilation.   Structures of language can be viewed as emergent solutions to the problem of mapping certain nonlinguistic cognitive meanings and social intentions onto linguistic forms (Bates & Snyder, l987). 


The Piagetian approach has fostered considerable research that has examined the relationship between cognitive and linguistic attainments, especially in very young children (e.g., Bates, Benigni, Bretherton, Camaioni, & Volterra, l979; Bates & Snyder, l987; Gopnik & Meltzoff, l986, l987; Johnston, l985; Kelly & Dale, l989).  This research has uncovered strong associations between certain cognitive and linguistic attainments.  For example, Kelly and Dale found significant differences in play behaviors between children using no words and children using single words.  The data tend to support the Correlational Hypothesis, which holds that there is no causal relationship between attainments in language and cognitions.  In other words, a particular cognitive skill that is temporally associated with a particular linguistic ability can emerge before, at the same time, or after the associated linguistic ability. Although the Piagetian approach has been useful in focusing attention on cognitive-linguistic interactions, the approach does not lead to specific predictions about interactions within and across different language domains (i.e., syntax, morphology, semantics, phonology, and pragmatics). 


The social-interaction approach has alternatively been called a functionalist approach (Bates & WacWhinney, l982).  The basic claim is that the language structures are seen as a by-product of the social-communicative functions of language.  These rules can develop from simple rote associations and imitations learned within the social context.  The mother's role in providing the child with appropriate language experience is emphasized by the social-interaction approach.  Much of the research on the characteristics of mothers' speech to young children has been motivated by the social-interaction approach.  Bohannon and Warren-Leubecker (l988) provide an even-handed review of this literature.  As with the Piagetian approach, the social-interaction perspective does not have much to say about language processes and relationships between these processes.


An information processing approach, with its obvious emphasis on processing, is not surprisingly the approach most conducive to conducting research about language processes.  A limited-capacity information processing model, as initially proposed by LaBerge and Samuels (l974), has been accepted, either implicitly or explicitly, by most child language researchers who study language processes.  The basic notion of the limited-capacity view, as stated by LaBerge and Samuels, is as follows:


During the execution of a complex skill, it is necessary to coordinate many component processes within a very short period of time.  If each component process requires attention, performance of the complex skill will be impossible because the capacity of attention will be exceeded.  But if enough of the components and their coordinations can be processed automatically, then the loads on attention will be within tolerable limits and the skill can be successfully performed. (p. 293)

More recent information processing approaches emphasize parallel rather than serial processing.  These parallel-distributed models involve a parallel series of "activation nodes," with each node connected to other nodes in a hierarchical network (McClelland & Rumelhart, l986).  The competition model proposed by Bates and MacWhinney (l987) is a specific adaptation of a parallel-distributed processing system.  The basic notion of the competition model is that learning is dependent on the probability of form-function matches.  More frequently used forms are learned over rarer forms.  The major predictive construct in the model is cue validity, which is divided into two components: cue availability and cue reliability.  The model predicts that available and reliable cues should be learned first.  A comprehensive review of several cues (e.g., case marking and word order) across a number of different languages (English, French, Italian, Turkish, and Hungarian) have supported the prediction (Bates & MacWhinney, 1987; MacWhinney, l987).  However, as Bohannon and Warren-Luebecker (1988) note, because the competition model is relatively new, there is little other evidence in support of it and no evidence against it. 

The Interactionist, Limited Processing Capacity Approach to Language Disorders

An interactionist approach and the limited-capacity model have been extremely popular for researchers and clinicians interested in disordered populations (Crystal, l987; Panagos & Prelock, l982; Masterson & Kamhi, l985, in press; Schwartz, l988, in press).  Schwartz (in press, p. 2), for example, states that "in many cases, understanding the interactions of language components is critical to our understanding of disordered speech and, more practically, to assessment and intervention."  The recognition that language is a highly interactive system has made clinicians more sensitive to the relationships that exist among the various language domains.  However, the nature of the specific interactions can quickly become very complex as the number of levels increases and different types of interactions are considered.  Crystal (1987) has pointed out that the number of levels (i.e., content domains) and how best to define these levels continues to be a controversial issue.  Levels can include any number of language domains (e.g., syntax, semantics, phonology, prosody, etc.), different units of language (e.g., sound, syllable, word, phrase), and related cognitive, neurological, social levels.  It should be apparent that the potentially existence of many levels has serious consequences for anyone wishing to make sense of the notion of interaction.  The more levels that are identified, the greater the number of possible interactions there will be between levels.  As Crystal notes, a three-level model allows for only three interactions, whereas a six-level model allows for l5 interactions, and a nine-level model, 36 interactions.   


In order to make the study interactions a manageable endeavor, it is necessary to focus attention on selected interactions (e.g., syntax-phonology).  The actual interactions examined can be motivated by interest (e.g., Schwartz looks at interactions most likely to be encountered in disordered populations) or by a theoretical perspective that focuses attention on particular interactions.  For example, the Piagetian view focuses attention on the relationship between certain cognitive attainments and language, whereas the social-interaction perspective focuses attention on the relationship between environmental inputs and language.  Another way that has been used to reduce the number of potential interactions is to organize levels hierarchically, the assumption being that higher levels influence or constrain lower levels.  Hierarchical models are common in depicting processes involved in language comprehension (see Clark & Clark, l977) and production (Bock, l982; Foss & Hakes, l978).  Syntactic, semantic, and conceptual processes are usually considered higher-order levels, whereas phonetic and phonological processes are usually referred to as lower-level processes.

      Hierarchical models in which limited capacity resource allocation is assumed have been used to explain linguistic interactions and trade-offs that occur in children's speech.  Early anecdotal reports (e.g., de Villiers & de Villiers, 1978; Waterson, 1978) provided examples of children's longer utterances containing more phonological errors than shorter utterances.  These reports were followed by more systematic investigations of linguistic trade-offs by Panagos and his colleagues (see Panagos, 1982, for review).  In these early studies, children were asked to imitate a series of sentence that varied in syntactic ( e.g., clause structure) and phonological complexity (e.g., number of syllables).  The basic finding was that increases in syntactic and phonological complexity were associated with more syntactic errors (e.g., word omissions) and more misarticulations.  These findings led Panagos and Prelock (l982) to conclude that


during sentence production syntactic and phonological structures influence one another such that complexity added on either level disrupts performance on the other and cumulative complexity disrupts performance on both.  The dominant outcome of complexity mismanagement is the simplification of sentence structures at all levels of hierarchical organization. (p. l76)


Panagos and Prelock's claim about complexity mismanagement had a certain appeal to it because it made intuitive sense and was consistent with the limited capacity processing model that was in its peak of popularity 10-15 years ago.  There were a number of limitations, however, in the experimental procedures and stimuli used in the studies that raised questions about the results (Kamhi, Catts, & Davis, 1984; Schwartz, in press).  For example, Schwartz (in press) has noted that some of the sentences were quite complex and thus not representative of normal sentence production.  There was also a likely confound between word length and familiarity.   Kamhi et al. suggested that the way in which a given children managed sentence production demands was influenced by the several factors, including (a) the sensitivity of the measures used to detect the effect of processing demands; (b) the developmental level of the child's speech production skills, linguistic knowledge, and cognitive abilities; and (c) the extent to which the child tolerated variability in speech productions.  

      The sensitivity of the measures used has obvious importance.  For example, imperceptible changes in phonological accuracy can be detected only through the use of sensitive instrumentation.  Most studies, however, have been concerned with perceptible changes in phonological accuracy because the variability in phonological accuracy has been sufficient to be reflected in phonemic-level changes.  


Developmental factors also have an obvious influence on how children manage processing demands.  The limited resource theorist views development as the gradual automatization of processes or functions; automatization frees up processing resources that can then be allocated to other functions.  Using this framework, one can conceptualize the development of language as a gradual automatization of certain sentence formulation processes (e.g., planning, execution, and articulation).  The extent to which a child has automatized these processes thus might influence how vulnerable these processes are to increases in higher-level processing demands.  The findings reported below on linguistic interactions in spontaneous speech support these points.  


Developing cognitive abilities should also influence children's management of processing demands.  Schwartz and Folger (1977) found that Stage VI sensorimotor children showed more consistency in the production of sounds and syllable structure than Stage V children.  They attributed this decrease in variability to an improvement in children's ability to create and maintain accurate phonological representations.


The extent to which a child tolerates variability also has direct bearing on how processing demands are managed.  For example, Scollon's (1976) child appeared to accept more variability in his speech than Waterson's (1978) son, who seemed to "know" his processing limits and attempted not to exceed them.  Ferguson (l979) has suggested that a child who shows a looser and more variable phonological system exhibits an unanalytic, risk-taking style of language acquisition.  This style is contrasted by the child who takes a more cautious, analytic approach to language acquisition.  Such a child would exhibit a more rigid, less variable phonological system.  These style differences can be extended to other aspects of language and behavior (see Weiss, Leonard, Rowan, & Chapman, l983). 


Some of the factors that affect the kinds of linguistic interactions children exhibit and how they manage sentence production demands were addressed in a series of studies conducted by Kamhi and colleagues (Kamhi et al., 1984; Masterson & Kamhi, in press, 1985; Nelson & Kamhi, 1984, 1985).  In the first study, we examined the effect increases in language complexity had on the accuracy and consistency of young children's target word productions using an elicited imitation task.  An imitation task was used to see if we could replicate Panagos' findings with young normally developing children.  We predicted that children with more advanced speech, language, and cognitive skills would be less influenced by variations in language complexity than children with less advanced skills in these areas.  Seven children ranging in ages from 22-34 months were followed over a four month period.  


The sentence imitation task consisted of 144 sentences grouped in 18 "stimulus conditions.  Each stimulus condition consisted of a stimulus word that occurred in eight utterances reflecting different levels of language complexity: single word, two-word (modifier + N), simple sentence (SVO), SVO + subject modifier, SVO+ negative contraction, yes/no question with did, and two passives.  The eight sentence types were chosen to reflect forms that children were both currently producing and not producing.  The stimulus words contained nine late-emerging word initial phonemes, such as / /, / /, /v/; half of the word were bisyllabic.  


Phonetic accuracy and consistency of the words was scored for each stimulus condition.  Five patterns were possible: (a) consistent word production, (b) inconsistent word production, (c) increase in phonological accuracy, (d) decrease in phonological accuracy, and (e) unscorable.  There were few unscorable patterns.  The basic finding was that the younger, less mature children were less consistent in their target word productions than the older, more advanced children.  Less than half (43%) of the younger children's word productions stayed the same across changes in language complexity compared to 79% of the older children's word productions.  For all children, the most frequent effect of increases in language complexity was no change in word productions.  When increases in language complexity did have an effect, there were as many improvements in phonological accuracy as there were decreases in accuracy.  


The findings supported our initial hypothesis that children with more advanced speech-language and cognitive abilities would be less influenced by variations in language complexity than children with less advanced linguistic and cognitive abilities.  Within-stage differences between children were also found, however.  For example, one of the younger children showed twice as much variability in her misarticulated words than the other two children at her language level.  We suggested that this child showed a higher tolerance for variability in her system.


In a speculative discussion section (p. 336-7), we raised the question of the interdependence/autonomy of the processes involved in sentence production.  We began by noting that in a limited capacity system, one has two choices: one can operate within the limits of one's processing capabilities or exceed the limits and suffer the consequences.  Our data suggested that a child's speech-language/cognitive level defines the capacity limits of the system (i.e. sentence production), whereas the extent to which a child tolerates variability determines whether these limits are typically observed or exceeded.  This claim predicts that a child's language/cognitive level and tolerance for variability determine how interdependent/autonomous sentence production processes will be.


In a subsequent study, Nelson & Kamhi (l984) examined the relationships among several syntactic, semantic, and phonological variables in imitated and spontaneous utterances of four two-year-old normally developing children.  Previous studies had not evaluated linguistic interactions in spontaneous speech.  Subjects were seen eight times over a four month period.  During each session, a spontaneous speech sample was obtained and a sentence imitation task was administered.  The sentence imitation task consisted of four nonsense words with low phonological complexity (e.g., tam, muke) and four words with high phonological complexity (e.g., jaften, fifalo).  The words were presented in four sentences of varying length and complexity.  


On the sentence imitation task, all four subjects made more speech errors (as reflected by Percent Consonant Correct-PCC-scores) as the syntactic complexity of the sentences increased.  During the course of the study, children gradually became able to produce the phonologically simple words accurately in all of the sentences.  The children still made errors producing the phonologically complex words at the end of the study.  Data from the spontaneous speech samples indicated that trade-offs between sentence length and speech production accuracy occurred mostly during developmental transitions from one language stage to another.  (Stages were assigned based on procedures described in Crystal, Fletcher, & Garman, l976).  Trade-offs were not as likely to occur during more stable periods of development.  


Nelson and Kamhi (l985) reanalyzed the data to determine whether certain discourse factors effected children's production of complex sentences and speech sound accuracy.  Utterances that shared the topic and/or syntactic structure of the immediately preceding utterance were found to be syntactically more complex than utterances unrelated to the prior discourse topic.  Information in the preceding utterance had no effect, however, on children's production of speech sounds.  The findings from both of these reports clearly indicated that the pattern of linguistic interactions was quite different in spontaneous speech than it was in the sentence imitation task.


Having identified some of the factors that influence linguistic interactions in young normally developing, Masterson and Kamhi (in press, l985) examined the interrelationship among linguistic components and the influence of certain contextual variables in older children with language and learning disabilities.  Subjects were l0 children with spoken and written language impairments (LLD), l0 children with only written language impairments (RD), and l0 normally developing children (ages 6 to 9 years old).  Data came from three sources: (a) a sentence imitation task adapted from Panagos and Prelock (l982), (b) a story-telling task in which children told two picture stories to the experimenter and two to another child, and (c) an event description task in which children were asked first to describe and then to explain three physical demonstrations.  In addition to the usual measures of syntactic and phonological complexity, measures of fluency were also included.


As in the Nelson and Kamhi (l984) study, there were fewer interactions, or trade-offs, in the spontaneous speech data than in the imitated data.  Interestingly, for some linguistic levels, the interactions were in different directions.  For example, morphophonemic accuracy decreased in complex clause structures in imitated utterances, but increased in complex clause structures in spontaneous speech.  Intelligibility, which was rarely sacrificed in spontaneous speech, was often poorer in imitated sentences.  These findings are consistent with those reported above for younger normally developing children.  It should be clear that imitating sentences that exceed processing capabilities cause interactions (or breakdowns) that are different from those that occur in spontaneous speech.  


The patterns of linguistic interactions were similar across the three groups of children.  As expected, the LLD children consistently made more errors than the RD and normally developing children.  However, the relative number of breakdowns (e.g., misarticulations, morphophonemic errors, and disfluencies) was no higher in the LLD group than it was in the other two groups.  These findings suggested that young school-age LLD children were not more vulnerable to processing demands than non-disabled children nor were their language systems more interdependent than those of non-disabled children.


Several interesting effects of context were also found (Masterson & Kamhi, in press).  For example, in the story-telling condition, children in all groups tended to use simpler structures when they were given appropriate props/referents to retell the story than when they were not given the props.  Children in all groups tended to use simpler sentence structures when talking about old information than when talking about novel information.  These findings extend those of Nelson and Kamhi by further specifying the influence of contextual factors on linguistic interactions.  Sentence imitation tasks are obviously insensitive to contextual influences.

Findings in Search of an Explanation
 
  The studies discussed in the previous section have led to a better understanding of the kinds of interactions that occur within and across language domains as well as a better understanding of how biological, cognitive, and social factors affect language development.  The inconsistencies across studies and the substantial differences that exist across subjects are troublesome, however.  Schwartz (in press) is concerned that we have yet to establish the best approach to measuring linguistic interactions.  I have three other concerns with research conducted with an interactionist, limited processing capacity perspective.

 
The first concern is with the adequacy of the limited capacity models that are used to explain trade-off effects.  Navon (l984) has raised some questions about the notion of resource dependence and competition.  Navon's basic argument is that the existence of a limited quantity of resources for processing is a theoretical claim that should be empirically tested.  In the article, Navon considers alternative explanations for phenomena commonly attributed to resource limitations.  For example, a deterioration in the performance of a task when the task is performed concurrently with another task is usually taken as evidence that both tasks draw from a common pool of resources.  Navon (p. 220) points out, however, that task interference may be caused by other factors, such as task outputs or side effects that inhibit the performance of the other task.  He gives the example of how the pattern of activations driven by the processing of reading a word can inhibit the activation essential for a concurrent task of comprehending a verbally presented word.  In light of Navon's claims, there may be alternative explanations for the linguistic dependencies or trade-off effects that are now attributed to limited resources.


The second concern is that it is unclear how much we gain by continuing to study the nature of linguistic interactions.  I do not agree with Crystal (1987), who argues that it is premature to assert priorities within the various language levels, because too many possible interactions have not yet been investigated.  Crystal goes on to say that "all that can be confidently asserted is that mutual influence between some levels exists, and that this factor should play a more dominant role in our search for a general explanation of language handicap" (p. 20).  Although there is clearly a need for additional research that examines interactions between linguistic, cognitive, and biological variables, different theoretical frameworks are needed to focus the research and interpret the findings.  There are some interactions that we know enough about, such as the importance of discourse context and conceptual factors on language productions.  In contrast, there are some interactions that we know very little about, such the influence of prosodic variables on segmental aspects of speech production.  Importantly, the purpose of future studies should not be to reaffirm the highly interactive nature of language, but rather to distinguish interactions that are highly individualistic or idiosyncratic from those that tend to be generalizable across children.


The third concern is that the interactionist approach can sometimes lead to fragmentation of language into small, uninteresting units that then get reified (i.e., implies existence).  Kent (1990), in a provocative paper on fragmentation in clinical service, expands upon the problem of fragmentation and reification.  He points out that interaction might need to be invoked because of our misconception of things.  When two components are linked by double-headed arrows in flow or block diagrams, we need to ask if the two components should have been separated in the first place or even exist as independent entities.  Interaction among things and processes reifies those things and processes.  Kent concludes his discussion of interaction by noting that


the postulation of rampant interactivity and interconnectedness may be more acceptable as a theoretical position if the emphasis is placed on the interactivity itself rather than on the objects related by interactivity. (p. 9)

In other words, we must be very careful in accepting the interactionist approach (i.e., interactivity) as a tenable theoretical position.

Modularity
      An interest in modules provides a very different orientation to questions about the interactions and interrelationships among language, cognitive, biological, and social systems.  When theorists acknowledge modularity of systems, they attempt to answer questions about the size and content of the modules, and whether they are innate or acquired, vertical or horizontal, or impenetrable or leaky.  Although Fodor wrote the book on modularity, his is not the only view of modularity.  Gardner (1983), for example, has based his theory of intelligence on modular notions.   Modular notions have also been incorporated in recent interactionist views of language learning (e.g., Bates et al., 1988; Chapman et al., this volume).  These views will be discussed after a brief review of Fodor's view of modularity.


Fodor's modularity.  According to Fodor (l985, p. 3), "a module is (inter alia) an informationally encapsulated computational system--an inference-making mechanism whose access to background information is constrained by general features of cognitive architecture, hence relatively rigidly and relatively permanently constrained."  In another passage, Fodor, l983, p. 37), Fodor writes: "Roughly, modular cognitive systems are domain specific, innately specified, hardwired, autonomous, and not assembled."  Fodor proposes nine criteria that define the extent to which a system is modular.  These criteria include (a) domain specificity, (b) mandatory operation (e.g., you can't hear speech as noise even if you would prefer to), (c) limited access to mental representations (i.e., relatively inaccessible to consciousness), (d) speed, (e) informational encapsulation (it is difficult to get information into the system), (f) shallow outputs, (g) neural architecture, (h) specific patterns of breakdown, and (i) characteristic pace and sequencing in ontogeny.  As Bates et al. (l988, p. 24) note, the first six characteristics are typical of all overlearned skills, such as driving, tennis, and typing, whereas the last three characteristics are biological ones.


Because information encapsulation is the essence of a modular system, some further elaboration of this notion is necessary.  An encapsulated system is one that does not allow most inputs to penetrate the system.  This does not necessarily mean that all modular systems are impenetrable; rather, to the extent that input systems are informationally encapsulated, of all the information that might in principle bear upon a problem solution, only a small and stereotyped portion is actually admitted for consideration (Fodor, l983, p. 70).  In this way, speed is achieved for input systems by permitting them to ignore lots of the facts.  Fodor provides a clear example of how a perceptual system can be impervious to knowledge.  He presents the scenario of a long-time friend who knows that under no conceivable circumstance would Fodor stick his finger in his eye.  This belief is explicit and deeply felt.  Yet if Fodor jabs his finger near enough to the friend's eyes, and fast enough, he'll blink.  In this way, the blink reflex is mandatory and impervious to what is known about beliefs and expectations.  Fodor does not deny the influence of world knowledge and other input sources; he simply doesn't find top-down effects interesting because they are not internal to the module.


Fodor's modules are "input systems."   He acknowledges, however, that if there are other psychological systems that fit the definition, then "of course, they are modular too" (p. 47).  The modularity of output systems, such as speech production, is thus not an issue for Fodor.  He also makes no claims about the exact number of modules, but suggests that candidates might include mechanisms for color perception, for the analysis of shape, and for the analysis of three-dimensional spatial relations.  Candidates in audition might include computational systems that assign grammatical descriptions to token utterances or ones that detect the melodic or rhythmic structure of acoustic arrays.  

  
A crucial aspect of Fodor's approach to modularity is the distinction he makes between modular and non-modular processes.  Whereas modular processes are autonomous, domain-specific, very fast, and mandatory, nonmodular processes are slow, deep, global, largely under voluntary (executive) control, and unencapsulated.  Fodor makes some fairly outrageous claims about the nature of nonmodular central processes.  Consider, for example, the generalization that he hopes will some day come to be known as Fodor's First Law of the Nonexistence of Cognitive Science: "The more global a cognitive process is, the less anybody understands it.  Very global processes, like analogical reasoning aren't understood at all" (p. l07).  Fodor's argument here is that the closer one gets to higher, more intelligent, less reflexive, less routine exercises of cognition, the more these processes can draw from all previously established knowledge, truths, beliefs, or present whims.  The highest cognitive processes are thus unbounded in the inputs from which they draw.  In short, "Nature has contrived to have it both ways, to get the best out of fast dumb systems and slow contemplative ones, by simply refusing to choose between them." (l985, p. 4)


A modular approach to language processing would look something like Forster's (l979) model that consists of phonological, syntactic, and message-level processors.  Each of these components operates independently with access only to its own information source and the output of the next lower processor.  The output of each component is made available to a "general problem solver," which has access to real-world knowledge.  Models such as these enjoy all sorts of explanatory advantages (Frazier, l987).  The limited task and information source of each component subsystem is consistent with modularity claims of fast, dumb, automatic processes as well as claims suggesting independence in the use of theoretically distinct information types.  


Gardner's theory of multiple intelligences.  Although Fodor is clearly one of the main proponents of modularity, many psychologists have embraced some of the basic notions inherent in Fodor's views.  These notions are also inherent in the long tradition of faculty psychology tracing back to Gall (l758-l828) and more recently Thurstone.  Gardner's (l983) recent theory of multiple intelligences is an obvious offspring of faculty psychology.  Gardner's intelligences include linguistic, logico-mathematic, music, bodily-kinesthetic, spatial, interpersonal, and intrapersonal.  He proposes eight criteria for the identification of these separate intelligences that overlap somewhat with Fodor's criteria.  These include (a) an identifiable core operation or set of operations, (b) susceptibility to encoding in a symbol system, (c) an evolutionary history and plausibility, (d) potential isolation by brain damage, (e) the existence of idiot savants, prodigies, and other exceptional individuals, (f) support from experimental psychological tasks, (g) a distinctive developmental history, along with a definable set of expert "end-state" performances, and (h) support from psychometric findings.   Unlike Fodor, Gardner is interested in experimental and psychometric support for the existences of intelligence modules.  However, it should be clear that some of Gardner's modules (e.g., personal intelligence) meet few of the eight criteria.


Bates et al.'s search for dissociable mechanisms.  In contrast to the vertical module biases of Fodor and other modern proponents of modularity, Bates et al. (1988) attempted to find horizontal modules that control individual differences in language.  These horizontal modules are processes that language shares with other aspects of cognition.  The specific goal of their research was "to identify associations and dissociations, synchronies and asynchronies, packages of abilities that `hang together' over time" (p. 7).  Toward this end, they examined individual differences in young children's language behaviors during the transition from first words to grammar.

        Bates et al. (p. 11) offer a looser, less constrained definition of a module than both Fodor and Gardner.  They characterize modules in terms of the processes and/or representations needed to operate in a specific content domain of particular importance for the organism.  This definition has several implications for language processing and development.  First, modules can develop and break down independently in children, even though they may interact with one another in real-time processing.  Second, the nature of the modules is unspecified.  In contrast to Fodor and other theorists who argue for highly specialized perceptual and linguistic modules, Bates et al. posit the existence of horizonal processing modules (i.e., processes that cut across the various subdomains of language).  Third, this broader view of modularity allows for modules to be acquired and thus not have to be biologically specified.  The notion of acquired modules has been advocated by several reading theorists (e.g., Seidenberg, l989; Stanovich, in press).  These theorists have suggested that the processes involved in word recognition reflect an acquired module.


The relationships Bates et al. find in their data lead them to conclude that children divide language in a way quite different from what researchers have previously thought.  Traditionally, language has been divided into separate domains such as phonology, lexical semantics, and grammar, or phonology, semantics, syntax, morphology, and pragmatics.  Bates et al., however, did not find support for the existence of vertical faculties in language; in particular, they found no evidence for a division between grammar and semantics.  The data repeatedly showed that lexical development and grammar were closely linked within and across stages of development.  The data did, however, suggest the existence of three partially dissociable language acquisition mechanisms (i.e., horizontal modules) that are emphasized to different degrees at different points in development.  These were comprehension, rote production (i.e., routinized use of language), and analyzed production (i.e., lexical-conceptual sophistication of language).  Because these mechanisms cut across the content domains of language, Bates et al. view them as horizontal, nonmodular processes rather than vertical ones. 


Although Bates et al. found no evidence for vertical language modules in young children, they recognize that evidence for such modules exists in older children and adults (e.g., clear dissociations in language functions in aphasic adults).  It follows that vertical modules are not born; they are made: 


An independent and ultimately `impenetrable' use of grammar is slowly constructed, piece by piece, practiced endlessly until it becomes as effortless and routine as any other fully acquired perceptual-motor skill. (p. 284).


Bates et al. conclude that the early stages of language acquisition are characterized primarily by dissociations among horizontal faculties, whereas later stages may be characterized by the development of vertical faculties that are learned rather than innate.  These conclusions are consistent with the interactionist view that all aspects of language functioning can be accounted for by horizontal faculties that cut across different content domains.  Bates et al. favor the interactionist view that emphasizes constructivist (Piagetian) principles.



Child talk's modularity.  "Child Talk" is the name given to a process model of children's language production.  Other chapters in this book will describe the model in greater detail.  What is modular in Child Talk's view are children's knowledge schemas (Chapman et al., p. xx, this volume).  Modularity is conferred by event representations in memory that act as encapsulated systems representing words and sentence frames.  Intentions, emotions, personal history of the self and other, and world knowledge in general are part of the schema as module.  According to Chapman, this view of modularity meets the criteria of encapsulation and mandatory application of knowledge, but not specificity of knowledge domain.  Chapman's view of modularity is obviously quite different from the other views of modularity discussed.


The good and the bad about modularity.  The attractiveness of modular systems should be apparent.  By being fast, dumb, and encapsulated, modular perceptual systems are protected from highly developed inferential systems.  This allows the organism to stay tuned to the environment.  As Tanenhaus et al. (l985, p. 84) put it: One does not want to fail to recognize a tiger when it appears unexpectedly.  Linguists and psycholinguists who argue for autonomous linguistic systems are particularly attracted to modular systems because these systems can be distinguished from the more general-purpose cognitive system.  These individuals do not favor highly interactive models because they blur the distinctions they find so interesting.  The notion of highly encapsulated modular systems is also attractive to many psychologists because such systems reduce the number of potential interactions that need to studied.  Processing models that include modular systems thus tend to be more parsimonious than processing models without modular components.  

 
Modular systems become less attractive when one begins to ask questions about the size and nature of modules, the extent to which modules leak (i.e., are not fully encapsulated), whether modules are innate or can be acquired, and so forth.  Modular systems also become less attractive when one realizes, as Bates et al. (l988) point out, that there is no such thing as a totally nonmodular theory of mind because such a theory would imply that mind and brain are unbounded objects with no internal structure.  An interactionist must accept, either implicitly or explicitly, the existence of general but nevertheless self-contained processes for perceiving, learning, and remembering.  Even the most rabid interactionists (e.g., connectionists) must acknowledge the existence of "tiny modules, i.e., nodes or stored responses that can be connected to one another via some kind of associative process" (Bates et al., p. l2).   The argument between proponents of modularity and interactionism thus must center instead on questions about the size and nature of the modules, their innateness, leakiness, and so forth.


The idea that modules can be acquired and are not necessarily innate particularly is particularly appealing.  Although the notion of acquired modules is inconsistent with Fodor's views on modularity, it seems a more elegant way (though not more testable) to portray highly automatized processes that operate within a particular content domain.  As indicated in the previous section, word recognition and grammar seem to be excellent candidates for acquired modules (Bates et al., 1988; Seidenberg, 1989).  Phonetic perception, on the other hand, is a good candidate for an innate module (Fodor, 1983).  


The size of modules is a particularly important question.  As Bates et al. have pointed out, all interactionist must acknowledge the existence of tiny modules.  The smaller the module, however, the less controversial and less interesting it is.  Not many people get worked up over whether or not tiny modules (e.g., connectionist nodes) actually exist.  In contrast, rarely have claims about the existence of large modules gone unchallenged.  This is because the existence of large modules have far- reaching consequences.  Somewhere in between are claims about the modular status of entities such as schemas or other knowledge states.  There is no disputing that language can be broken up into very small modules, such as words, phonemes, morphemes, or larger ones, such as schemas, scripts, or frames.  It just seems that by attributing modular status to clusters of knowledge or specific linguistic units, the essence and with it the appeal of modularity is lost.  The notion of modularity should not become a metaphor for coherent knowledge or representational units.  Modular status should be reserved for innate and acquired systems that meet a large number of Fodor's modularity criteria.  The task for child language investigators is to determine which language systems develop into modular systems.  The notion of "developmental modularity" also needs to be incorporated into models of language performance.

Holism

In recent years, a growing number of theorists, researchers, and clinicians have become disenchanted with fragmentary, reductionist, mechanistic approaches to science, learning, and education (e.g., Heshusius, l989; Kent, l990, Norris & Damico, in press; Poplin, l988).  The Newtonian, mechanistic view of the world breaks down complex behaviors into objective, measurable components and portrays development as as additive, sequential, and continuous.  In reaction to the reductionist, mechanistic view, many people have embraced the principles embodied in holistic, humanist views of the world.  A fundamental holistic assumption is that the properties of the parts can only be understood from the dynamics of the whole.  The whole is different from and more than the sum of its parts (Heshusius, l989, p. 411-12).  For many, the essence of holism or wholeness is a focus on the individual as an human organism, rather than a machine-like mechanism.  Wholeness is embodied in the word individual which means "undivided" (Kent, l990).  A focus on the individual leads holists to emphasizes the importance of self-regulatory, self-organizing, and self-evaluative behaviors.


The emergence of a holistic paradigm is often traced back to the discoveries about relativity and quantum physics that provided an alternative to the Newtonian view of the world.  As Kent (l990, p. 7) notes, Einstein's theory of relativity does not view the universe as a set of interacting constituent particles.  The universe is more appropriately viewed as a universal field that has the essential quality of unbroken wholeness in flowing movement.  The whole becomes the primary notion while the parts are abstractions from the whole.  Kent quotes Bohm (l985, p.l28) who makes the point that one cannot analyze the whole into distinct parts with preassigned interactions.  Rather, "the whole organizes and even creates the parts."

      The most prevalent application of holistic notions to language is found in the widely popular "whole language" approach to teaching reading in the early elementary school years (Goodman, l986; Smith, l982).  Consistent with holistic principles, the whole language approach views language as an integrated system that is more than the sum of its component parts (Norris & Damico, 1990).  Norris and Damico (p. 213) describe several assumptions of the whole language approach:  

1.  Language is closely linked with other semiotic and cognitive abilities and is influenced by things like motivation, experience, learning, and anxiety.

 2.  All of the components of language are always present and interacting in any instance of language use.

3.  Language is not learned by first acquiring the smallest component parts, but by exposing the child simultaneously to all language components in a meaningful contexts.


4.  Language learning is viewed as an active constructive process.


Active constructive processing, a fundamental notion in Piaget's theory of cognitive development, is a theme that runs through all accounts of holistic accounts of learning.  Heshusius writes:


Learning is understanding relations rather than pieces of knowledge.  It is the personal/social/cultural construction of meaning by the child, based on who the child is and on what she or he knows.  Learners always bring their own personal social, cultural, and political histories, purposes, and interpretations to the situation, whether we are aware of it or not.  Learning occurs at various but equally valid levels, including kinesthetic, intuitive, and nondiscursive. (p. 412)

Kent (l990) makes similar points about the practice of speech-language pathology:

As practitioners we must respect and try to apprehend the values and beliefs of our clients.  These values and beliefs are part of a life-story narrative and they are indivisible from a client's anatomy and physiology.....The results of a battery of tests (then) should be seen as disparate fragments of a person.  The unity of personhood is beyond any approach to quantification.


Although it might appear that holism is most applicable to educational and clinical issues, holists also see important implications for research.  Forms of inquiry that are consistent with holism include phenomenological research, qualitative/ interpretative research, ethnography, naturalistic research, and case studies (Heshusius, l989).  According to Heshusius (p. 4l3), the researcher who embraces holistic principles is not a measurer or controller of variables, but a careful and aware listener, observer, and able narrator.  Inquiry occurs in real life settings and in relation to real life events.  Qualitative judgments and human rationality rather than quantification is  seen as the best way to justify knowledge claims.


The good and the bad about holism.  There is an inherent appeal in holism.  Being human, we are naturally attracted to assumptions and principles that emphasize humanism, unity, meaning, purpose, qualitative judgments, and so forth.  Newtonian science with its emphasis on quantification and fragmentation has a tendency to proliferate experiments that isolate measurable variables.  Many empirical studies appear to be narrowly focused, addressing questions far removed from real life settings and events.  Holistic assumptions are particularly attractive to educators and clinicians disenchanted with reductionist, fragmentary, programmatic approaches to teaching and learning.  As indicated above, holistic assumptions provide the theoretical foundation for the whole language movement.


It seems difficult to find fault with holistic assumptions that emphasize wholeness rather than fragmentation, qualitative judgments rather than quantitative measurements, and so forth.  Why would anyone want to be associated with mechanistic or reductionist assumptions (such nasty terms), when the alternative is  holism and humanism (such nice terms).  These terms, like whole language, seem to have been designed to be opponent-proof (as was "pro-life" in another arena)(see Richgels, 1991).  The problem is that the two views are not incompatible.  Unfortunately, many holists, particularly advocates of whole language approaches, make it seem that empirical science and all non-holistic views (behaviorism, interactionism, nativism, etc.) are inconsistent with the assumptions that characterize holism.  


Licht and Torgesen (l989), in their response to Heshusius' paper, show how quantitative empirical research can and does address many of the goals of holism.  Licht and Torgesen argue that Heshusius confuses the broader natural science philosophy with the narrow philosophy of behaviorists who do not consider any variables that are not directly observable.  There are large bodies of research in cognition, learning, and language that examine how values, feelings, and motives influence behavior.  As an example, Licht and Torgesen cite the entire field of attribution theory which is concerned with how personal interpretations of reality influence one's behavior.  In her own work, Licht (Licht & Kistener, l986) has examined the impact of negative beliefs and motivational states on academic performance.  Similarly, an interest in contextual effects is seen throughout the social sciences, as exemplified in the studies cited earlier that examined contextual influences on language productions (e.g., Masterson & Kamhi, in press).  And, finally, the importance of in-depth interviews with clients or parents and detailed developmental histories or narratives, as Kent (l990) calls them, is indisputable in medicine and clinical fields such as speech-language pathology.


The essence of holism is its emphasis on the whole and the notion that the whole is more than the sum of its parts.  Practically speaking, however, what does it mean to study the whole of language, treat language as a whole, or treat the whole child?  How does one go about studying the whole without understanding its parts.  What can we say about language without knowing about its components (syntax, semantics, etc.) and the factors (cognitive, social, biological, etc.) that influence these components?  A holist might answer that one should focus on the purposes and functions of language, the culture and values of the individual, and the contexts of communication.  In order to do this, however, one must have knowledge about which language forms are appropriate for which functions in which contexts.  


Holists are correct when they say that knowledge of the parts does not lead to knowledge of the whole.  What they fail to point out, however, is that knowledge of the whole is often not possible without knowledge of the parts.  The holist rhetoric of meaning, purpose, and unity hides the inevitable reduction that must take place.  Holists do not like small units, such as phonemes, syllables, words, and sentences or divisions between syntax, semantics, and phonology.  They prefer larger, meaningful units of discourse contexts, concepts, and intentions.  But these "larger" units are inevitably broken down by taxonomies that differentiate between various kinds of contexts, meanings, and intentions.  Holistic rhetoric attempts to mask the reductionism that characterizes purportedly holistic research and teaching.


But let us not be fooled: holistic assumptions notwithstanding, there is no such thing as a reductionist, non-fragmentary theory of language just as there is no such thing as a nonmodular theory of mind.  The controversy is thus not about whether one reduces something like language to specific components, but rather what the important components are and the extent to which these components are modular in nature.  It is no coincidence that these are the same questions that many linguists and psycholinguists have been pondering.

Implications and Conclusions

In this chapter, three perspectives about the language processing system and its complex interactions have been discussed.  I began the chapter with a bias against the interactionist, limited capacity perspective, because the research I have conducted using this perspective has given me first-hand experience with its limitations.  This perspective has led to an increasing fragmentation of language and a proliferation of hierarchical, multilevel models with double-headed arrows that go every which way.  In addition, limited resource notions are not without problems (Navon, l984).  Despite these shortcomings, the interactionist perspective has played an important role in focusing attention on the interactions and hierarchical (dependent) relationships that characterize language processing systems. 


In contrast to an initial bias toward the interactionist, limited capacity perspective, I was attracted to the modular and holistic perspectives, despite their inherent incompatibility.  The major appeal of modularity was the notion of highly encapsulated fast, dumb processing systems that are impervious to higher-level inferential systems, whereas the major appeal of holism was its emphasis on meaning, purpose, and human values rather than easily quantifiable and measurable units.  As indicated earlier, it is difficult to find fault with holistic assumptions that stress wholeness over fragmentation and qualitative judgments over quantitative measurements.


The initial appeal of modularity and holism has been significantly tempered, however, by the realization that many modular and holistic notions are not easily validated.  It is a lot easier to list a set of modularity criteria as Fodor and Gardner have done than to find actual systems that meet all or even most of the criteria.  In the same vein, it is one thing to emphasize the wholeness and unity of a system such as language; it is another thing to study and make sense of the language system without knowing a lot about its parts.  Some would argue that part of the appeal of modularity and holism is their resistance to empirical validation, a resistance that, of course, makes it very difficult to invalidate these views.   Adherence to modular or holistic views in their idealized forms thus must be based, in large part, on faith (some would say blind faith).

      My problem is that I lack the kind of fervor and commitment required to believe in modularity or holism.  Unfortunately, without fervor it is easy to slip into tentacles of relativism, which holds that are no right or wrong theories or explanations--that everything is relative.  But everything is not relative; there is a difference between good explanations and bad ones.  With complex issues, however, differentiating between good and not-so-good explanations is not so simple.  Fortunately, there are a few people around who are trying to reconcile the disparate views.  Bates and her colleagues, as discussed earlier, have shown how aspects of modularity can be incorporated into an interactionist perspective that emphasizes contructivist notions.  Their position that certain language systems can become vertical modules is a compromise between the innate vertical modules proposed by Fodor and the absence of any vertical modules in interactionist models.


The principles embodied by connectionism and parallel processing systems also hold some promise for understanding the language processing system and its complex interactions.  It is not coincidental that many of the earliest connectionists, such as Rumelhart (Rumelhart & McClelland, l986), had strong early allegiances to interactive, limited capacity processing models.  Rumelhart (l975) is still well known for his early work in schema theory and narrative structure.  Rumelhart, like many other psychologist, however, realized the limitations of serial, top-down, bottom-up processing models for understanding the nature of highly interactive processing systems.  Connectionist models, which are based on probabilistic activation levels, provide an empirical means to test specific predictions about linguistic interactions and perhaps some modularity claims as well.  Unfortunately, connectionism is not "user friendly."  Although the basic principles of connectionism are not difficult to grasp, much of "connectionist" research involves computer simulations that require sophisticated mathematical and programming skills.


The Child Talk model developed by Chapman and her colleagues represents another promising attempt to develop a unifying process model of child language.  The Child Talk model includes principles and components from the interactionist, modular, and holistic perspectives.  Child Talk takes as its starting point the strong evidence of context-specific language use.  Intentions, emotions, actions, events, personal history of the self and other, and world knowledge are the building blocks of linguistic knowledge.  As indicated earlier, what is modular in Child Talk are the child's knowledge schemas.  The model is clearly an ambitious one.  It is unclear, however, whether it is verifiable.  Like Fodor's modularity and holism, the model appears to be somewhat resistant to empirical validation and, therefore, invalidation.  For example, what kind of evidence would disprove the existence of modular knowledge schemas?  What kind of decontextualized language knowledge (e.g., rules, principles, concepts) would it take to challenge the claims made by Child Talk?  All language knowledge is obviously not context specific.  The vitality and validity of the model will be determined by the research that addresses these questions and test the specific predictions Child Talk makes.  Some of the other chapters in this volume may, in fact, address some of these questions.  


One may ask, in conclusion, what all this talk of language processing and modular systems has to do with clinical practice.  The answer is "a lot."  The different processing views discussed in this chapter are each consistent with particular assessment and intervention practices.  For example, belief in the existence of Fodor-like vertical, language modules is consistent with assessment protocols that differentiate clearly among language content domains and intervention procedures that sequentially target specific content domains (e.g., first syntactic structures, then semantic relations, then pragmatic functions).  In contrast, the various interactionist views would lead one to consider the interactions that occur within and between the various language domains.  Assessment procedures would attempt to discover the particular relationships and trade-offs that exist among language components.  Rather than sequentially targeting specific content domains in therapy, more than one domain of language would be targeted.  For example, the use of various communicative functions might be the primary objective, while specific language forms would be learned to serve particular communicative functions (e.g., questions forms would be taught in order to request information and clarification).  


Adherence to holistic principles would lead one to evaluate more than just language abilities.  There would be interest in learning about the whole child, the child's personal history, intentions, feelings, and so forth.  Therapy objectives would probably incorporate many of the key elements of Child Talk, focusing on developing language to describe events, objects, situations, and feelings that are integral and meaningful aspects of the child's life.  


As Johnston (1983) reminded us several years ago, all clinical practice operates within some theoretical perspective.  We can pretend that clinical practice has no theoretical motivation, or we can examine the theoretical assumptions implicit in our clinical practice, evaluate them, and modify them when they don't work anymore.  If an unexamined life is not worth living, unexamined clinical practice might not be worth practicing.  The kind of commitment needed to link theory and practice is not an easy one, but it is well worth the effort.
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