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This project examines the early development of spatial analytic functioning in young children with focal brain injury. Spatial analysis refers to the ability to specify both the parts and the overall configuration of a visually presented pattern, and to understand how the parts are related to form an organized whole. It is an important basic spatial cognitive function. Studies of adults with localized brain injury suggest that spatial analytic functioning is affected differentially by injury to right and left posterior brain region.  Injury to right posterior regions results in disorders of spatial integrative functioning, while injury to left posterior regions impairs the ability to define the parts of a form. Work from our laboratories has shown that differential patterns of specific spatial cognitive deficit are associated with early focal right hemisphere (RH) and left hemisphere (LH) injury.

These studies demonstrate that children with RH injury have difficulty with spatial integration. While they are able to segment the parts of forms, they had difficulty integrating them to form organized wholes. Children with LH injury have difficulty encoding pattern detail. They oversimplify spatial forms and fail to incorporate detail. The two patterns we have observed in children are consistent with kinds of deficit observed among adults with similar injury. However, impairment in children tends to be milder than that of adults, and children appear to be better able to compensate for their deficits. This pattern of findings supports neither extreme view of the relation between brain and behavior in development. Findings of early specific deficit demonstrate that the brain is not equipotential for all functions and show there are clearly constraints on the extent of neural and behavioral plasticity. On the other hand, early injury appears to result in less severe impairment and we continue to find evidence suggesting patterns of functional recovery with development.  The major goals of this project are: First, to define more precisely the patterns of deficits associated with early injury, and, second, to examine longitudinal patterns of development for evidence of functional sparing. This project has four major goals: (1) to extend the set of spatial construction tasks, (2) to introduce a set of spatial perception tasks which will allow us to explore spatial analysis under conditions that do not require the child to generate a spatial product, (3) introduce a set of tasks which allow us to compare performance across the construction and perceptual domains and (4) to explore the neural substrate of functional reorganization using functional MRI.
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RESEARCH PLAN

A. SPECIFIC AIMS

	The primary goal of this project is to delineate the long-term effects of early neurological insult on the development of visuospatial processing. To achieve this goal we have focused on a core set of questions which include: (1) whether there is early evidence of impairment (2) whether the profile of impairment in early childhood is the same or different as that observed in adults with similar injury and (3) whether there is change in the profile over time. Over the past five years we have made considerable progress in defining profiles of deficit in children's analysis of spatial patterns. Spatial analysis is defined as the ability to specify the parts and the overall configuration of a visually presented pattern, and to understand how the parts are related to form a whole. Among adults, localized left hemisphere (LH) injury impairs the ability to segment the parts of a spatial array, while injury to the right hemisphere (RH) impairs the configural aspect of spatial analysis. Our work has shown that children with early lesions show a similar pattern of impairment. The profile of deficit is evident at least as early as age 3, and the mapping of lesion site to behavioral deficit is consistent with that observed among adult patients. However, the magnitude of deficit among children appears to be reduced. Children's deficits are more subtle, and children appear to be able to compensate more readily for their deficits. This attenuation of deficit is likely related to the developmental status of the child, both neurologically and behaviorally, at time of insult. 

	Our study of spatial analysis has focused on the detailed assessment of behaviors obtained in the context of construction-based tasks. Construction tasks have been useful in demonstrating clear patterns of deficit in the focal lesion (FL) population. They have also been helpful in documenting developmental change and improvement. Across age and task, we have found that at the points in development when a construction task is challenging for a normally developing child, it is a good index of specific deficit in the FL population. It is also notable that on virtually every construction task we have administered, children in the FL population eventually achieve ceiling levels of performance; that is, the products of their construction efforts become indistinguishable from normal. However, to the extent that we have been able to evaluate process in construction tasks, we have found the children continue to differ from normals in how they achieve mastery on the tasks. Thus they reach ceiling levels of performance in the products of their construction efforts, but not in the procedures used to generate those products. In the current proposal we will shift our focus from an emphasis on what the children produce, to questions concerned with the processes which underlie development and change. At the heart of these questions is the issue of how children use visuospatial information. An assessment of the ways in which information is processed in combination with an assessment of what is produced may provide a more sensitive and detailed account of impairment and development in this population. This proposal has four specific aims: 

	1. The first specific aim represents a continuation of our previous work, and reflects our ongoing interest in the products of spatial analysis. Although we have shifted our emphasis to the study of process, we will continue to examine deficits in production by looking in detail at children’s performance on a copying task. We have used a simple version of this task in previous studies of preschool-age children. Over the past three years, we have developed an expanded version of the task which is appropriate for children from 3- to 12-years of age, and we have collected data from over 500 normally developing children in this age range. The revised task is similar to the Beery test of Visual Motor Integration (VMI) but incorporates a new, more detailed scoring system that allows for examination of individual test items. The new scoring system and the large experimental data base will allow us to assess the performance of the FL group in much greater detail than is possible with available instruments. 

	2. The second aim focuses on an examination of the processes which underlie spatial analysis in the FL population. We propose to introduce a series of reaction time (RT) studies that will allow us to assess potential differences in spatial analytic processing as they occur in real time. The tasks similar to those proposed here have been used to delineate spatial processing deficits in adult patient populations. We have adapted them for use with child populations. The RT studies are designed to access more subtle and persistent patterns of impairment than are evident in the study of products alone. 

	3. The third aim reflects an important cross-domain expansion of our work. A deficit in one cognitive domain may have consequences for development in other domains, or it may be affected by development in other domains. Thus, spatial processing deficits may have specific effects on aspects of language development; conversely, linguistic resources may be recruited to help the child compensate for spatial deficits. In this study we will examine in detail one such possible interaction. In English, locative prepositions are used to describe the spatial relationships among objects. The acquisition of a locative preposition typically follows mastery of the corresponding nonverbal concept. If cognitive mastery of a spatial relation is a prerequisite for locative acquisition, we should find specific delays in this semantic domain among children with documented deficits in the production of spatial relations among children with RHD. An intriguing alternative possibility is that children may show a reversal of developmental order, acquiring the word prior to mastering the construct it represents. This study expands our investigation of underlying process to include an examination of the ways in which cross-domain information processing may affect and/or interact with development in this population. 

	4. The fourth and final aim concerns an important extension of our effort to understand the neural substrate of the deficits we observe in behavior. Recent advances in functional Magnetic Resonance Imaging (fMRI) offer a new, noninvasive means of directly studying patterns of neural activation associated with performance on behavioral tasks. Over the past two years we have developed an fMRI protocol for examining patterns of neural activation in spatial analytic processing. The behavioral task used with the imaging protocol is very similar to one of the behavioral measures proposed for Specific Aim 2 of this proposal. The fMRI protocol will allow us, for the first time, to examine possible differences in neural organization following early focal brain injury. 

B. BACKGROUND AND SIGNIFICANCE

In the five years since the inception of this project we have made significant progress in addressing questions about spatial cognitive deficits and patterns of development following pre- and perinatal brain injury. When we began, the most basic question about whether it is possible to identify specific deficits associated with early injury was still a subject of debate. Early studies on the effects of focal brain injury emphasized the "resilience" of young children to the effects of early injury and argued that early available mechanisms subserving a transient capacity for plastic change allows children to develop normal or near-normal cognitive functioning following injuries to the brain that would leave an adult permanently impaired (Alajouanine and Lhermitte, 1965; Brown, 1975; Carlson et al., 1968; Gott, 1973; Hammill and Irwin, 1966; Krashen, 1973; Lenneberg, 1967; McFie, 1961; Reed and Reitan, 1971). These arguments did not, however, go unchallenged. Other investigators argued that a more fine-grained analysis of behavior showed evidence of persistent cognitive deficit (Rudel and Teuber 1971; Kohn and Dennis 1974; Dennis and Kohn 1975; Dennis and Whitaker 1976; Day and Ulatowska 1979; Woods and Carey 1979; Dennis 1980; Kohn 1980; Woods 1980; Vargha-Khadem, O'Gorman et al. 1983, Vargha-Khadem et al., 1985). These apparent contradictions suggested a complex interplay between plasticity and specialization of function in the developing brain, but the nature and course of that interaction remain unclear. One limitation of that early work on both sides of the debate was its reliance on retrospective accounts of development in which the outcome of development following early injury is used to infer developmental process. 

A major point of departure in the current project has been its insistence on taking a prospective, longitudinal approach to the study of development. In order to understand the long-term effects of early neurological insult, it is necessary to determine: (1) whether there is early evidence of impairment (2) whether the profile of impairment in early childhood is the same or different as that observed in adults with similar injury and (3) whether there is change in the profile over time. These kinds of data require a longitudinal approach. To date, the few prospective studies of development following early brain injury have focused on either language or general cognitive ability as assessed by standardized tests. For example, Aram and her colleagues (Rankin et al., 1981; Aram et al., 1983; Aram, Ekelman et al., 1986; Aram 1988) have reported data from cross-sectional studies of children under 5-years which demonstrate global linguistic and cognitive deficits. Longitudinal follow-up studies extending to the school-age period suggest that these early deficits persist (Aram, 1988; Aram et al., 1996; Aram et al. 1996). Bates (1991, 1994, 1997, in press) and her colleagues have provided detailed accounts of early language impairment in the FL population. Beginning in the first year of life they have documented deficits of phonological, lexical, and morphosyntactic processing. By the late preschool period, most of the children appear to catch up in that their use of lexical and morphosyntactic structures falls within the normal range. However, analysis of discourse in the school-age period suggests continuing, subtle linguistic impairment (Reilly, in press). These studies are important because they provide strong evidence of functional deficit following early injury. However, additional work is needed, particularly for nonlinguistic functions. 

Spatial cognitive processing is an important domain that has received little attention in the study of the child FL population. The current project is the only major, prospective study focused specifically on the development of spatial cognition. When we began, virtually nothing was known about visuospatial processing in children with focal brain injury. Over the past four years, we have made considerable progress in identifying and defining profiles of specific deficit and development in this domain. 

Spatial cognition refers to a wide array of abilities, from simple object localization to the complex computations required for cartography or navigation. The purpose of the present project is to provide detailed assessments of one, basic aspect of spatial cognition, spatial pattern analysis. Spatial analysis is defined as the ability to specify the parts and the overall configuration of a visually presented pattern, and to understand how the parts are related to form a whole. It thus involves the ability both to segment a pattern into a set of constituent parts, and to integrate those parts into a coherent whole. This definition is consistent with other descriptions of pattern analysis found in both adult and child literatures (e.g., Delis and Kiefner, 1988; Delis and Robertson, 1986; Garner, 1974; Kemler, 1983; Palmer, 1980, 1977; Palmer and Bucher, 1981; Robertson and Delis, 1986; Smith and Kemler, 1977; Vurpillot, 1976). A variety of factors have been reported to affect spatial analysis. Among these are neurological and developmental status. Both of these factors have direct bearing on our assessment of spatial analytic ability in children with focal brain injury. 

	Adults with Focal Brain Injury. Studies with adults have shown that focal brain injury results in disorders of spatial analytic functioning. These studies suggest that different patterns of spatial deficit are associated with LH and RH lesions (e.g., Arena and Gainotti, 1978; Delis and Kieffer, 1988; Delis and Robertson, 1986; Gainotti and Tiacci, 1970; Lamb and Robertson, 1988; Lamb and Robertson, 1989; Lamb and Robertson, 1990; McFie and Zangwill, 1960; Piercy and Hecaen, 1960; Ratcliff, 1982; Robertson and Delis, 1986; Robertson and Lamb, 1988; Swindell and Holland, 1988; Wasserstein and Zappulla, 1987). Injury to left hemisphere (LH) brain regions results in disorders involving difficulty defining the parts of a spatial array. For example, in drawing, patients with LH injury tend to oversimplify spatial patterns and omit details. On perceptual judgment tasks, they rely upon overall configural cues and ignore specific elements. By contrast, patients with RH lesions have difficulty with the configural aspects of spatial analysis. In drawing, they include details, but fail to maintain a coherent organization among the elements. In perceptual judgment tasks they focus on the parts of the pattern without attending to the overall form.

	The Normal Development of Spatial Analytic Processing. Over the past ten years, a major line of work in our laboratory has been the study of spatial analysis in normally developing children. That work has yielded two major findings. First, children as young as 3-years are capable of analyzing visually presented arrays. They segment relevant elements and integrate them to form coherent wholes. Second, there is evidence for systematic change in the character of that analysis (Stiles et al., 1991; Stiles, 1993, Tada and Stiles, 1996; Feeney, et al, 1996). Data from a large series of studies using different measures and testing children ranging in age from 3 to 12-years, show that initially children segment out well-formed, independent units and use simple combinatorial rules to integrate the parts into the overall configuration. With development, change is observed in both the nature of the parts and the relations children use to organize the parts. Further, pattern complexity affects how children approach the problem of analysis. In our studies using the Rey Osterreith Complex form we found that simplification of the pattern induced more advanced reproduction strategies (Akshoomoff and Stiles 1995ab).

	Spatial Analytic Processing in Children with Focal Brain Injury. In our work to date, we have begun to define detailed profiles of deficit and recovery for spatial functioning associated with early lateralized brain injury (see Progress Report). We have shown that on construction and perception tasks children with RH injury have difficulty with spatial integration. While they are able to segment a spatial form into its elements, they have difficulty organizing those elements to form a coherent whole. We have also identified a quite different profile of deficit associated with early LH injury. Children with LH injury oversimplify complex spatial forms and fail to encode the details or elements of these forms. These two profiles are consistent with patterns of deficit reported for adults with injury to comparable brain regions. In addition to documenting patterns of specific deficit, we have also provided some evidence of functional recovery. Our longitudinal data indicate that with development children with both LH and RH injury show considerable behavioral improvement, eventually achieving ceiling level performance on most spatial construction tasks. However, the time course over which this improvement occurs is protracted, and in those cases where we have been able to examine the underlying processes associated with recovery, anomalous processing profiles have emerged. Thus, although our work provides evidence for both initial deficit and subsequent recovery, the particular patterns of developmental delay raise important questions about the nature of development and of functional recovery in this population. There are clearly specific and distinguishable patterns of deficit following early focal brain injury, and there is development; but, how persistent are those deficits? Does the pattern of behavioral improvement observed in the longitudinal data index generalized recovery of function with development, or do the data reflect a more limited pattern of compensation? 

	While we have begun the task of mapping out patterns of visuospatial deficit and development in the FL population, considerable work remains. The current project will expand our previous work using construction-based tasks, but will also extend our investigation into three new areas. (1) We will examine the microstructure of visuospatial processing by introducing a series of RT studies that will allow us to study visuospatial processing in real time. (2) We will look directly at the interaction of two domains by examining the association of specific deficits of visuospatial processing and the development lexical terms which mark spatial relations. (3) We will begin to look directly at the issue of neural reorganization using fMRI techniques to examine specific patterns of brain activation following early injury. 

	On-line measures of visuospatial processing. On-line studies of adults with unilateral temporal lobe (TL) lesions provide evidence for selective deficits of visuospatial processing consistent with those observed on construction-based tasks. Robertson, Lamb and their colleagues (e.g., Lamb and Robertson, et al., 1990) have provided the most comprehensive reports in this area. Much of their work focuses on processing of a class of stimuli known as hierarchical forms. A typical hierarchical stimulus consists of a large letter (the global level) composed of appropriately arranged smaller letters (the local level); e.g., a large H made of small Ss. Hierarchical forms are particularly good experimental stimuli, because they contain comparable information at the global and local levels, and thus provide a powerful means for examining possible dissociations in spatial analytic processing. Lamb and Roberston have demonstrated that patients with left TL injury are slower to identify targets at the local level, while patients with right TL injury are slower with targets at the global level. Identification of local level targets requires the patient to segment an element from a larger array. Identification of global level targets requires the patient to integrate a set of small elements. Thus, this selective pattern of RT slowing is consistent with profiles of deficit obtained with construction tasks, but focuses on on-line processing of information rather than the outcome of a construction process. In addition to use in studies of neurologically involved adult patient populations, RT studies using hierarchical stimuli have been widely used to study normal adult processing (e.g., Kinchla and Wolfe, 1979; Martin, 1979; Navon, 1977; Palmer, 1980; Palmer and Bucher, 1981), and more recently in studies of normally developing children (Dukette and Stiles, in press). 

	The acquisition spatial locative terms. For the past thirty years, the degree to which language is modular and independent from non-linguistic cognition has been hotly debated (see Piatelli-Palmerini, 1989; Bates et al., 1988; Karmiloff-Smith, 1992; Elman et al., 1993). One approach to this issue is to examine points at which language and non-linguistic cognition intersect, for example comparing lexical conceptual development. A promising domain is that of locative prepositions (e.g., IN, ON, UNDER, BESIDE, BETWEEN) and their non-linguistic correlates, that is, conceptual understanding of the spatial relations encoded by these terms. Studies on normally developing children have found consistent patterns in the acquisition of these lexical forms (Johnston and Slobin, 1979; Johnston, 1985; Johnston, 1988); moreover, there is consensus that the non-linguistic concept developmentally precedes the acquisition of its linguistic representation (Clark, 1973; Weist, 1991). Nonetheless, these studies of normally developing children depend on parallel developments. By chronicling the acquisition of locative prepositions in children with identified spatial integrative deficits, i.e., children with RH injury, the proposed studies provide an unparalleled opportunity to identify the degree to which the non-linguistic concept is indeed a prerequisite for the emergence of its linguistic counterpart.

	MRI studies of children with visuospatial processing impairment. A central goal of our work with the FL population is to understand the how early injury affects development of the neural substrate. The use of fMRI provides the opportunity to ask, directly, questions about how behavior is mediated within the neural substrate following early injury. Is there evidence for alternative patterns of organization? Is reorganization observed within the ipsilateral or contralateral hemisphere? Does the size or site of lesion affect the locus of reorganization? Over the past two years, under the auspices of a minority supplement to the current grant, we have developed a protocol for examining spatial analytic processing using fMRI. That protocol has provided robust data documenting differential activation profiles for global and local level processing in both adults and normally developing children (Martinez, et al., in press; Moses, et al., 1997). Case study data from an 11-year old child with early LH injury, provides compelling evidence for neural reorganization associated with local level processing. 

C. Progress Report

Publications in Years 1-5

Productivity on this project has been excellent over the past five years. The following is a list of published and submitted work: 

Akshoomoff, N.A,. and Stiles, J. (in press). Children's performance on the Rey-Osterrieth Complex figure and the development of spatial analysis. To appear in J. Knight and E. Kaplan (Eds.), The Handbook of Rey-Osterrieth Complex Figure Usage: Clinical and Research Applications.

Akshoomoff, N.A. and Stiles, J. (1995). Developmental trends in visuospatial analysis and planning: I. Copying a complex figure. Neuropsychology, 9(3), 364-377.

Akshoomoff, N.A. and Stiles, J. (1995). Developmental trends in visuospatial analysis and planning: II. Memory for a complex figure. Neuropsychology, 9(3), 378-389, 

Askhoomoff, N.A. and Stiles, J. (1996). The influence of pattern type on children’s block design performance. Journal of the International Neuropsychological Society, 2, 392-402.

Ballantyne A., Scarvie K.M., and Trauner D.A. (1994). Verbal and performance IQ patterns in children after perinatal stroke. Developmental Neuropsychology 10, 39-50.

Ballantyne A.O. Scarvie K.M., and Trauner D.A. (1991). Verbal and performance IQ patterns in children after perinatal stroke. ABs. Ann Neurol 30(3):487. 

Dukette, D. and J. Stiles (in press). Children's analysis of hierarchical patterns: Evidence from a similarity judgement task. Journal of Experimantal Child Psychology.

Feeney, S. M. and Stiles, J. (1996). Spatial Analysis: An examination of preschooler's perception and construction of geometric patterns. Developmental Psychology, 32(5), 933-941.

Martinez, A., Stiles, J., Moses, P., Frank, L., Wong, E., and Buxton, R. (in press). Lateralized posterior-temporal differences in global and local processing: Evidence from functional MRI. Neuroreport.

Nass, R. and Stiles, J. (in press) Complications of the perinatum: Cognitive development after congenital stroke. To appear in Complication of the Perinatum: Outcome of Congenital Focal Lesions. 

Reilly, J., Stiles, J., Larsen, J. and Trauner, D. (1995). Affective facial expression in infants with focal brain injury. Neuropsychologia, 33,1, 83-99.

Stiles, J. (1995). The early use of graphic formulas: Case study reports of graphic formula production by 2- to 3-year old children. International Journal of Behavioral Development.

Stiles, J. (1995). Plasticity and development: Evidence from children with early focal brain injury. In B. Julesz and I. Kovacs (Eds.). Maturational windows and cortical plasticity in human development: Is there reason for an optimistic view? Addison-Wesley Publishing.

Stiles, J. (submitted). Neural plasticity and cognitive development. Developmental Neuropsychology. 

Stiles, J., Bates, E. A., Thal, D., Trauner, D., and Reilly, J., (submitted). Linguistic, cognitive and affective development in children with pre- and perinatal focal brain injury: A ten year overview from the San Diego longitudinal project.

Stiles, J. and Nass, R. (1991). Spatial grouping activity in young children with congenital right or left brain injury. Brain and Cognition, 15, 201-222.

Stiles, J., Stern, C., Trauner, D., and Nass, R. (1996) Developmental change in spatial grouping activity among children with early focal brain injury: Evidence from a modeling task. Brain and Cognition, 31, 46-62.

Stiles, J. and Thal, D. (1993) Linguistic and spatial cognitive development following early focal brain injury: Patterns of deficit and recovery. In Mark Johnson (Ed.), Brain development and cognition: a reader. Oxford: Blackwell Publishers, pp. 643-664.

Stiles, J., Trauner, D., Engel, M. and Nass, R. (in press). The development of drawing in children with congenital focal brain injury: Evidence for limited functional recovery. Neuropsychologia.

Stiles, J., Feeney, S. M., and Chang, R. (submitted). The early development of visuospatial processing in children with focal brain injury. 

Tada, W.L. and Stiles, J. (1996). Developmental change in children's analysis of spatial patterns. Developmental Psychology, 32(5), 951-970.

Thal, D. J., Marchman, V., Stiles, J., Aram, D., Trauner, D., Nass, R., and Bates, E. (1991). Early lexical development in children with focal brain injury. Brain and Language, 40, 491-527.

Trauner, D.A. (1993). Spatial deficits in children after perinatal stroke. ABS Ann Neurol 35: 499. 

Trauner, D.A. and Ballantyne, A. (in press). Hemispatial neglect after perinatal stroke. Ann Neurol. 

Vicari, S., Stiles, J., Stern, C., and Resca, A. (submitted). The role of cortical and subcortical lesions in visuospatial processing: evidence from children with early focal brain injury. Developmental Medicine and Child Neurology
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Major Findings from Years 1-5.

As noted earlier, the goal of the first 5-years of this project was to provide detailed assessments of spatial analytic processing in children with pre- or perinatal focal brain injury. To date, construction tasks have been the major source of data on impairment in the FL population. Much of the work reviewed in this section focuses on the results of studies using construction tasks with FL children in the 3- to 12 age range. Construction tasks offer a rich source of information on both the products of construction efforts and the processes by which those products are achieved. All our work emphasizes both product and process. As evidenced from the studies described below, looking at both what a child does and how s/he does it can provide powerful data about deficit and development in this population. 

Block Construction in Preschool Children. A block construction study with 3- to 6-year olds (Stiles and Stern et al., 1996), demonstrated impairment among children with both RH and LH injury. In this task children were presented with simple block models (e.g., a line of blocks or a double arch) and asked to reproduce them with the model present. Children with LH injury initially showed delay, producing simplified constructions. By the time they were 4-years, they showed an interesting dissociation in performance. Most of the children were able to produce accurate copies of the target constructions, however the procedures they used in copying the forms were greatly simplified. This dissociation between product and process, which is not observed among normally developing children, persisted at least through age 6. Children with RH injury were also initially delayed on this task producing only simplified constructions. At about 4-years, they produced more complex, but disordered and poorly configured constructions. At this time the procedures used to generate these ill-formed constructions were comparable to age-matched controls. By age 6 the performance profile for this group of children changed. They were able to accurately copy the target construction, but like their LH injured peers, they used simple procedures. This study suggests that there is impairment in spatial processing following early injury, and there is compensation with development. However, close examination of how spatial constructions are generated suggest persistent deficits. These findings have been replicated in a study of Italian children with localized brain injury (Vicari and Stiles, in press). In addition, that study showed that the profiles of deficit were evident among children with isolated subcortical injury, as well as children with injury involving both cortical and subcortical areas. 

The Rey Osterreith Complex Figure. A parallel set of findings was observed among older children using a more difficult construction task, the Rey Osterreith Complex Figure copying task. Although the Rey was not part of the previous proposal, over the past five years we introduced the task to a subset of our school-age FL sample. Even cursory examination of the data suggested that children with either RH or LH injury had difficulty with the task. However, we could not effectively evaluate their performance because the existing child scoring systems did not adequately capture normal developmental change in performance on this task. To remedy this problem, we completed a series of studies with a large sample of normally developing 6- to 12-year olds (Akshoomoff and Stiles 1995). In those studies, we adapted a new scoring system recently developed for use with adult data (Stern, 1996) and we developed an additional set of process measures. This composite scoring system provided a systematic account of normal developmental change on this task. The results of those studies have allowed us to assess the data from the FL population (Akshoomoff and Stiles, in press). Preliminary examination of longitudinal data from seven children and cross-sectional data from 21 children showed that the drawings from the younger (age 6-7) FL children were sparser and less accurate than normal children their same age. However, there were no striking differences between the young children with early LH and RH injury. With development, the limited available data suggest that performance improves considerably. By the time the children were 9- to 10-years, they are able to produce reasonably accurate copies of the Rey figure. However, analysis of how they generated the form indicated that they used very simple construction procedures. The failure to find differences between the RH and LH groups on the Rey copying task could reflect underlying task demands that place equal emphasis on the segmentation and integrative processes, and thus equally disrupt performance on the task. More likely, we simply do not, yet, have enough data from children in the 7- to 10-year age range to detect systematic differences in the performance of the two groups. None-the-less, the two main findings from Rey copying data (i.e., early initial delay and later dissociation of product and process) mirror those found in our study of block construction in preschool-age children. In both studies, initial delay was observed for both children with RH and LH injury, suggesting that both the ability to identify the elements of a pattern and to integrate those parts is necessary for this task, and a deficit in either aspect of spatial analysis affects performance. Later the children are able to compensate for their deficits in that they produce accurate copies of the model forms. However, for both the block construction task and the Rey copying task, the procedures used are simplified. This similarity of performance profiles across measures and at different developmental time periods may provide the basis for developing a model of compensatory change in this population. 

Drawing. Further exploration of compensatory change comes from a free drawing task with school age children. An early study showed that children with RH injury initially have considerable difficulty drawing organized pictures (Stiles-Davis and Janowsky 1988). However, our longitudinal data suggested considerable improvement with age. One possible compensatory strategy may be the development of graphic formulas (Stiles et al., in press). We tested reliance on graphic formulas using a task developed by Karmiloff-Smith (1992) in which children are asked to first draw a house, and then an impossible house. Our own data from more than 100 normally developing 6- to 12-year old children showed that by far the most typical solution to this task is to distort the spatial configuration of the house. Data from children with LH injury are indistinguishable from those of normals. However, in both our crossectional (N=9 children between 8- and 13-years) and our longitudinal samples (N=6 children tested annually from 6 to 12-years) of children with RH injury, configural distortion was not used. Instead the children derived a number of nonconfigurational solutions for solving the problem, including verbal description (drawing an identical house and then describing something impossible inside), formula substitution (drawing another formulaic object and asserting it was a house), reduction (putting a dot on the page and saying the house is very small), and invisibility. These are all good strategies which indicate an understanding of the task. The notable absence of configural distortion strategies among the RH sample suggests that the children are limited in their ability to analyze or reanalyze the spatial array. 

Data from two other copying tasks are consistent with the findings reported above. Children showed initial impairment on a memory reproduction task using hierarchically organized forms and on a task requiring them to copy simple geometric forms (Stiles, Feeney, and Chang, submitted). On the hierarchical forms task, 5- to 6-year old children were first shown a hierarchical letter or form pattern and told that they would be asked to reproduce it from memory. At test, children with LH injury had difficulty remembering the local level elements, while the children with RH injury appear to remember the global structure, but had difficulty reproducing it accurately. The findings from this task are similar to those found for adult patients with unilateral focal brain injury. 

	The copying task required 3-to 5-year old children to copy simple forms such as a plus, an "X", and an asterisk. In the preschool period, the performance of normally developing children changes systematically (Feeney and Stiles, 1996; Moses and Stiles, 1997; Tada and Stiles, 1996), with adult-like performance achieved by 5-years of age. Comparison of the FL groups with normally developing children on this task revealed that children with RH injury were initially delayed on this task and continued to show evidence of impairment across the preschool period. By contrast, the performance of children with LH injury was indistinguishable from normally developing children by age 4 and showed the normal profile of improvement. An expanded version of this task has been developed for use with children between 3- and 12-years of age. That task will be included in the next phase of this project and is described in Study 1 of this proposal. 

Reaction Time. In another line of inquiry, we have begun to examine on-line processing of spatial information among normal children and children with focal brain injury. The tasks have allowed us to look at the rates of processing for different features of the stimulus array, thus, providing a metric for measuring subtle differences in spatial processing indexed by differences in speed and flexibility. One study used hierarchical letter stimuli similar to those used in the memory reproduction task described above. In this task children are first presented an auditory target, then a visual hierarchical stimulus appears on a computer screen. The child's task is to indicate whether or not the target appears at either the global or local level of the pattern. Normally developing children as young as age 6 show equal facility in processing the global and local levels of hierarchical patterns (Dukette and Stiles, in press). We have also begun to use these tasks with the FL population. We had predicted that children with RH injury would be significantly faster to report letters which appear at the local level of the target than the global level and that children with LH injury would show the opposite pattern. Results from 5 children with RH injury and 6 children with LH injury (ages 7 and 15) indicate that this is not the case. In most cases, the RTs for both global and local level targets were slower than expected suggesting that the task is not sensitive to selective processing deficits. Robertson et al. (1986) have reported similar results with adult stroke patients using this type of divided attention task, that is on tasks where attention is directed to both levels of the pattern on each trial. The difficulty in defining clear dissociation with this task may be the requirement to simultaneously attend to both the global and local levels of the pattern structure. Most of the reports from Robertson et al (1986) documenting selective deficit of global and local level processing have used a focused attention version of this task, where subjects are instructed to focus on either the global or the local level on separate block of test trials. The use of a focused attention task may enhance the discriminative power of the task with the child FL population. We have begun testing a large sample of normally developing children in the focused attention version of the task. Preliminary data from a small sample of FL children suggests that the focused attention task may well yield the predicted dissociations. The focused attention task will be included in Study 2 of the current proposal. 

In a second recently completed RT study (Stern, 1996), two tasks were used to assess differential profiles of attention to a visually presented display. In the ‘segmentation task’, subjects were required to attend to one element in a visual display and ignore the other. In a ‘visual integration task’, subjects were required to compare the two pieces of information and decide whether they were the same or different. Relative to a group of age matched controls, children with LH and RH injury were impaired on both tasks. Careful analysis of task performance suggested that the nature of the impairment differed among the two groups. Consistent with previous findings, children with LH injury had difficulty with visual segmentation, and children with RH injury had difficulty with integration. Overall, the reaction time paradigm used in this study worked quite successfully with this population, and demonstrated a clear sensitivity to visual-spatial deficits in school-aged children. This work will be systematically expanded in Study 2 of the current proposal.

Defining Developmental Change. Finally, we have begun to make progress toward the larger and more elusive goal of defining the processes that underlie development following early localized brain injury. This progress has come in part from work emanating from this project focused on defining profiles of deficit and change within the domain of visuospatial processing. It has also come from the context in which this work has been done. While this project is an independent and free-standing entity, it has since its inception been associated with the UCSD Project in Cognitive and Neural Development (PCND). The PCND has historically emphasized the study of language acquisition in populations with early neurological disorders; the FL population has been an important focus within the PCND. The current project is affiliated with the PCND, and is a primary source of information on visual-spatial processing in children with early focal brain injury. The interaction between this project and the PCND has produced an extensive database on cognitive and linguistic development in this population. One of the most notable features of this database is that the cross-domain profiles do not always provide the same answers to the three critical questions raised earlier. Language and visuospatial processing, for example, provide different answers to the question of initial deficit, mapping to adult profiles of deficit, and change over time. The contrast between the developmental profiles of language and visuospatial processing has provided interesting and important insights into the process of developmental change following early insult. 

	When we began, our goal was to use a prospective approach to investigate "processes of recovery and/or compensation as they occur." Thus far, our data suggest that the neural substrate for visuospatial processing may be more highly specified than that for language. Deficits of visuospatial processing are evident as early as we have been able to test for them, the specific features of deficit map well onto those regions of the brain associated with particular deficits in adults, and, though subtle, the deficits persist over time. By contrast language deficits are evident early but the specific features of deficit do not map well to the adult profile; further, children show considerable improvement over time, achieving normal levels of performance (at least for the morphosyntactic aspects of language) by age 5 (Bates, et al, 1988, 1997, in press; Reilly and Stiles, 1995). The specific features of developmental profiles across behavioral domains suggests that data from any single domain may present only one part of a complex puzzle, which if considered in isolation may lead to very limited, and possibly inaccurate, conclusions about the nature of development following early injury. The focus of the current project has been, and will continue to be, the development of spatial processing in the FL population. Consideration of data from other domains has not affected the design of our spatial processing studies or our analysis of the resulting data. It has, however, had a profound effect on the way in which we have interpreted those data. 

	One of our most important insights, to date, has been that the processes which underlie functional recovery do not require us to posit special mechanisms such as selective preservation or crowding (see Stiles, submitted). The profiles of development observed in our longitudinal data can be accounted for by the same mechanisms that underlie normal brain development. The normally developing brain is dynamic and plastic. There is initially a profusion of connections throughout the brain. With development, many of these early connections are withdrawn while others are stabilized. This selective stabilization process is presumed to be the product of competitive processes that are driven to a large extent by input. The structure and organization of the mature normal brain is the product of these plastic, competitive processes. It should also be noted that the capacity for plastic change is never completely lost. Indeed, recent animal studies have shown that, across a range of mammalian species, patterns of neural connectivity in the adult organism are altered by change in input to the system (Kaas, 1991; Merzenich and Jenkins, 1995; Pons, 1995). In short, plasticity is a central feature of brain development; it is not a system response to pathological insult. When plasticity is viewed as a necessary part of brain development, rather than a possible alternative in the case of early insult, a very different perspective on the effects of early brain injury on development emerges. The developing brain is a dynamic, responsive, and to some extent self-organizing system. Early injury constitutes a perturbation of normal development. Specific neural resources are lost, and there should be consequent impairment of the system, and that is precisely what we observe in both the language and visuospatial processing. However, it is also a developing system and therefore a system with an exuberance of resources, the fate of which are determined in large measure by input. Thus, the magnitude and duration of the initial impairment may well depend on a range of factors such as the timing of insult, extent and location of injury, and specificity of the neural substrate for the function under consideration. 

D. Experimental Design and Method

	This section is organized in four parts, each representing one of the specific aims of this proposal. The first part describes an extension of our ongoing investigation of the products of spatial analytic processing. It uses a simple copying task that was useful in our studies of preschool-age children. The current project extends the age range to include children from 3- to 12 years. It is also designed to exploit a newly developed scoring system and large experimental data base that will allow a for much more detailed analysis of performance on this task. The second part includes two series of studies which represent our emphasis on understanding the processes which underlie spatial analytic functioning following early focal brain injury. The RT studies described in this section provide a real-time view of spatial processing, and may reveal more subtle and persistent patterns of impairment than are evident in the study of products alone. The third part represents an important cross-domain expansion of our work. Here we will compare the developmental trajectories for the conceptual understanding of basic spatial relations and the acquisition of the spatial locative prepositions which are used to verbally mark them. In this study we will focus on the kinds of spatial relations that have been the focus of our work to date. This detailed longitudinal study will allow us to look at the interaction of information acquisition across two domains. Finally, the fourth part is an expansion of our effort to understand the neural substrate of the deficits we have observed in behavior. The fMRI study described in this section will provide our first systematic look at possible profiles of neural reorganization following early focal brain injury. 

	All of the studies presented in this proposal employ prospective, longitudinal designs. The target age range for these studies is the late preschool through the school age period (ages 3-12). Longitudinal data will be collected for all of the studies, but the time window for each study is different. Table 1 outlines the testing schedule for the studies proposed. Initial administration of each test is determined by normative data. Testing is repeated longitudinally as indicated in Table 1, or until the child achieves ceiling performance on the task. 

Table 1. Testing schedule for experimental tasks.

EXPERIMENTAL TASKS�3y �3.5y �4y �4.5y�5y �6y �7y�8y�9y�10y�11y�12y��Study 1: Construction�������������� Copying Simple Geometric Forms�X�X�X�X�X�X�X�X�X�X�X�X��Study 2: On-line Measures�������������� Hierarchical Forms: Memory-Copy�����X��X������� RT: Hierarchical Forms-Density�������X��X��X��� RT: Hierarchical Forms-Consist./Conflict��������X��X��X�� RT: Integration/ Segmentation��������X��X��X��Study 3: Language and Cognition�������������� Nonverbal Spatial Relations: Copy�X�X�X�X�X�X�������� Comprehension of Spatial Locative Terms�X�X�X�X�X�X�������� Production of Spatial Locative Terms�X�X�X�X�X�X�������� Linguistic Marking of Spatial Relations�X�X�X�X�X�X��������	Subjects. The children in this study will be drawn from established populations associated with two testing sites, New York University Medical Center and the UCSD PCND. Criteria for inclusion in the population are:

1.	Unilateral brain lesion documented by MRI or CT scan prior to 6-months of age.

2.	Full term at birth.

3. Benign perinatal history with exception of neonatal seizures (leading to MRI revealing a unilateral lesion).

4.	Children with seizure conditions are admitted if seizures are under control with anticonvulsive medication.

5. No significant uncorrected visual defects (20/50 or worse at 3 years +).

	As of February 1997, the FL population consisted of 81 children (50 with LHD, and 31 with RHD). There are currently 29 children under age 5 (18 with LHD, and 11 with RHD). Because this is a longitudinal study of a rare population, it is crucial that data collection for children 7 and older begin before the projected starting date for this project. The first data points of the RT studies are being collected for all children 7 and older. 

	Control Subjects. Two groups of control subjects will be tested. First, normal controls matched with individual FL children on the basis of age, gender, and IQ (+/- one SD) will be tested. These children will be followed longitudinally using the testing protocol described above. In addition, normal group control data will be obtained for each measure. The group control data will target the normal developmental age range for each task.

	Medical and Standardized Behavioral Testing. Upon induction into the PCND, each child is seen by a pediatric neurologist, either in San Diego or New York. The purpose of the medical and neurologic evaluation is to (1) identify any incidental medical conditions that might adversely affect the child's performance on behavioral tests, and (2) to identify any specific deficit that might adversely affect the child's test performance (e.g., the presence of a visual field deficit). Follow-up examinations are given annually. The PCND also provides standardized behavioral screening and follow-up for each child: 

Table 2. Schedule of standardized administered by the PCND

STANDARDIZED TESTS�AGE AT TEST�STANDARDIZED TESTS�AGE AT TEST��WPPSI-R�4 years�Expressive One Word Picture Vocab.�4 and 8 years ��WISC-R*�7 years�WRAT�7 years��PPVT�4-12 years, annually�WRAML�7 years��*Because this is a continuing project the decision was made to stay with the WISC-R, rather than changing to the new WISC III. The decision was made to preserve comparability of data within the PCND.

	Data Management and Analysis. The data collected in all phases of the proposed study will be entered directly into the data management system already established and functioning as a component of the PCND. This system, which will be modified as needed for the inclusion of new data types, allows for automatic regular back-up, range and validity checks of data as it is entered, integration with norming data bases, and full integration with the statistical and analytic programs needed for the analysis of complex data. The primary statistical packages which will be employed to accomplish the analyses described below and in the detailed descriptions of the individual studies are SAS© (for basic analyses, including all general linear model applications), JMP© (for graphical analysis), ResamplingStats (for randomization test approaches), and HLM2/3 (for growth curve approaches). All of the required software is available through the Quantitative Systems Laboratory at UCSD and has been fully integrated with the data management system allowing seamless flow of data into analysis.

	The general data analysis have been designed to answer the two broad goals of the project which are specification of spatial deficit and description of development within this population. The approaches, however, are conditioned by two specific features of the data. First, much of the data is RT data and therefore special analytic approaches for RT data (see Hockley, 1984; Heathcote, et al., 1991; and Ratcliff, 1993) will be incorporated into all linear model analyses. Second some analyses will, of necessity, be performed on relatively small samples. The potentially small sample sizes (which are actually rather large for studies of this type) result from the uncommon nature of the disorder as well as the uneven and unpredictable distribution of lesion site. As a result all analyses will be conducted first using conventional parametric approaches (e.g., analysis of variance). These analyses will then be replicated using the randomization test (see Edginton, 1969) approach which tests the same hypothesis as the parametric test. The advantage to the use of the randomization test approach in this case is that the same essential hypothesis is tested without recourse to the asymptotic distributional assumptions of the parametric version. This results in tests of nearly the same power as the parametric version but with a lowered risk of contamination of results due to the presence of outliers and heavy tailed distributions. The convergence of the two sets of results should increase confidence in the validity of the results in these situations.

	Three general approaches to the analysis of the data set will be utilized. [Specification of the analytic methods to be used are discussed individually with each experiment/hypothesis block.] Short-term longitudinal and cross-sectional approaches will provide detailed accounts of performance for specific tasks within relatively narrow age ranges and will detail specification of deficit within population. Long-term longitudinal analyses will address questions concerned with developmental trajectories both within and across task and over longer periods of time. This third class of analysis is intended to investigate the issues of development and compensation. The short-term longitudinal analyses will be accomplished through the use of repeated measures analysis of variance techniques utilizing both the multivariate and the epsilon - correction formulations of the technique (Appelbaum and McCall, 1973). Whenever any cell of the design contains fewer than 10 subjects the randomization test formulation will be also utilized. Cross-sectional analyses will be accomplished through the use of standard analysis of variance approaches (with appropriate distributional transformations for use with reaction time data). Again, whenever the cell size falls below ten subjects in any cell, the analysis will be replicated using the randomization test formulation.

	The long-term analytic analyses will be conducted (for Studies 1 and 3 where the logic of the research question will generate more than two time-point measures) utilizing two related analytic approaches. First more-or-less standard repeated measures techniques (see above) will be employed to examine developmental trends and their differences in the two populations and subpopulations. In addition, growth curve modeling approaches (see for instance Burchinal and Appelbaum, 1991) will be utilized in a cautious, exploratory fashion. The reason for a cautious approach to the utilization of these methods is that the number of time points and number of cases are in a range where the asymptotic requirements of growth curve analyses are likely to be problematic. None-the-less, individual growth curve approaches may shed interesting light on the developmental aspects of the study and since they will always be viewed within the context of the repeated measures approach, it is unlikely that failure of the asymptotic requirements of this analytic approach will go unnoticed. All analyses will be conducted under the direct supervision of the statistician on this grant. 

A. Construction: Copying Geometric Forms

	In the last round of this study we used a simple copying task to assess early deficit. We found that children with RH injury show both initial and persistent deficits when asked to copy very simple forms such as + and x. Children with LH injury do not appear to have difficulty with these forms (Stiles and Feeney, 1996). This study is a straightforward extension of that work. We will use a larger set of forms, and include forms that by VMI (Beery 1989) are not mastered until the middle school years (see Figure 1). 

�

For the past year, we have been working on a large experimental study of normal development change for these forms. We have currently assembled data from 500 normally developing children between 3 and 12 years of age that we will use to establish experimental norms for performance on this task. We have devised a 5-point ordinal scoring system for each form. The development of that scoring system was based on many years of work studying the normal developmental progression for these types of forms (Feeney and Stiles, 1996; Moses and Stiles, in press; Tada, 1990; Tada and Stiles, 1996; Tada and Stiles-Davis 1989). At this point, we have completed an initial scaling of the scoring system for the full set of forms. The system reliably captures developmental change as indexed by the significant ordering of forms by age. The complete database will contain scores from 50 children per age, thus allowing us to establish percentile rankings for each form at each age (the Beery currently provides only a 50th percentile ranking). This large database will enable us to more carefully evaluate the performance of the FL children on this task. Based upon our earlier work, we predict the following:

Hypothesis 1: The children with RH injury will have difficulty in combining pattern elements into a structured whole. This would result in disordered arrays of pattern elements. However, the elements they produce should be well formed.

Hypothesis 2: With development children with RH injury will master individual forms in that they will produce accurate reproductions of the pattern components and their spatial relations, but mastery will show a consistent profile delay. Analyses of the procedures used to copy forms will show that for the most difficult forms, children with RH injury use simplified procedures to generate complex patterns. 

Hypothesis 3: The children with LH injury should produce comparatively well formed copies. Errors may include omission or distortion of pattern elements. For the simpler patterns where the overall structure of the pattern constrains possible interpretation of the elements (plus or circle), few errors are predicted. More complex patterns, such as the window or the box, may result in more element errors. 

	Procedure. Each child will be asked to copy the series of 16 geometric figures shown in Figure 1. Children will be tested every 6-months from age 3- to 5 and annually after that. 

	Data Reduction and Analysis. Each pattern will be scored on the 5-point system developed in our large study of normally developing children. Analysis of variance procedures will be used to examine group differences on the task as a whole, as well as to examine possible performance difference on individual forms. The large experimental data set will also allow us to examine the performance of individual children. Percentile rankings derived from the experimental norms for individual forms will allow us to develop individual performance profiles across forms at a single data point, as well as developmental trajectories across time. 

B. On-line Measures of Visuospatial Processing

	Thus far, our studies of visuospatial processing in the FL population have been based primarily on construction tasks. These tasks are a rich and detailed source of information on what children produce, but they provide only limited information on how they produce it. One very useful measure of processing is the time it takes to respond to different kinds of information. In studies of normal subjects, RT is used to identify dissociable processes, such as those involved in processing the global or local level of a pattern. Among patient populations, selective delays in RT can be an important index of impairment. RT measures are more sensitive than product-based measures because they focus on the marshalling and use of processing resources, rather than the outcome of processing. While patient use of compensatory strategies may mask deficits in the products of behavior, they are likely to produce amplified profiles of impairment in RT studies. Chronometric data has long been a mainstay of adult perceptual judgment work and the RT methodology is a powerful and adaptable experimental tool that has been used with adult FL patients. Published work from other laboratories (Thompson and Massaro, 1989; Enns and Girgus, 1986; Marmor, 1977), as well as work from our own laboratory show that it is possible to obtain reliable RT data with normal children as young as 4-years of age (Hartung and Stiles, 1996), and children with focal brain injury by at least age 7 (Stern, 1996). In order to begin to look at the microstructure of processing, two RT studies are proposed. These studies will examine responses to different aspects of the stimulus array, and provide a means for measuring subtle differences in spatial processing. While children with RH and LH injury may be able to make judgments about both the parts and the whole of the stimulus array, the RT measure will allow us to assess whether their processing of these levels is comparable in terms of speed and processing flexibility. 

RT Studies Using Hierarchical Forms

	The two studies proposed in this section use a particularly well controlled type of stimulus, the hierarchical letter stimulus (see Figure 2). Both studies will use a focused attention design, in which children are directed to attend only to the global or the local level on separate blocks of trials. Children will be tested three times on each RT task. The Stimulus density task will be administered at ages 7, 9 and 11; the Consistency/Conflict task will be given at ages 8, 10, and 12. In addition, children will be tested on the Memory/Copy (MC) version of the hierarchical forms task at ages 5 and 7. In this task children are presented with a hierarchical form and told to remember it. After a brief distractor task, they are asked to reproduce the pattern from memory. In the last round of this project, this task proved to be a powerful index of specific spatial deficit in the early school age period. However, by middle school age most children achieved ceiling levels of performance (Stiles and Dukette, in preparation; see Progress Report). The inclusion of MC task in the current study will provide a replication of the previous findings. More importantly, it will document deficit at age 5 and "recovery" at age 7 on a production task using the hierarchical stimuli in the period just prior to the age at which we propose to introduce the RT studies. If the RT tasks provide evidence of deficit, it should coincide with the point at which children appear to "recover" on the MC task. The contrast in performance across the two types of tasks will provide direct evidence of continuing deficit on tasks which use similar stimuli, but different dependent measures.

Study 1: Manipulation of Stimulus Density 

	Task Overview. Study 1 is an identification task. At the beginning of each block of trials the child is instructed to attend only to the global or local level of the stimuli. Before each trial, an auditory target letter is presented, and a hierarchical letter stimulus appears on the screen. The child's task is to press a "yes" key if the auditory target is present at the appropriate level of the display and a "no" key if it is not. Both RT and error rate are dependent measures. The child will carry out this task under three stimulus conditions: standard, sparsity, and density (see Figure 2). 

	The standard hierarchical stimuli are modeled after those used in studies with normal adults. Typically, subjects respond with fairly equal speed and accuracy whether the target letter appears at the global or local level of these stimuli (Kinchla and Wolfe, 1979; Martin, 1979; Navon, 1977). Stimuli in the sparsity condition are composed of fewer local level letters than those in the standard condition. Adult normal subjects have been found to be faster and more accurate when responding targets appearing on the local level of such stimuli (Martin, 1979).
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Figure 2. Examples of stimuli in the sparsity, standard and density conditions.  

	The third stimulus condition, density, is one that we have created to be the logical counterpart to the sparsity condition. Hierarchical letters in this condition will be composed of more local level letters than those in the standard condition. Data from our studies with normally developing children indicate that subjects are faster and more accurate to respond when the target appears on the global level of these stimuli (Dukette and Stiles, in press; Dukette and Stiles, in press; Stiles and Dukette, 1992). In the standard condition, normal subjects typically respond with equal speed and accuracy to targets appearing on the global or the local level of the hierarchical stimulus. For adult patients, RH injury affects global level RT more than local relative to controls, and LH injury affects local level RT more than global relative to controls. Based on these data as well as our studies of children with FL injury, we predict that:

Hypothesis 1: Standard: The response times and accuracy of control children will be comparable for targets at the global and local levels of pattern hierarchy.

Hypothesis 2: Standard: Children with RH injury will be faster to identify target letters at the local level of the pattern than at the global level, and they will make more false negative errors at the global level.

Hypothesis 3: Standard: Children with LH injury will be faster to report letters at the global level of the pattern than at the local level, and they will make more false negative errors at the local level. 

The sparsity and density manipulations are introduced to investigate the effects of selectively varying the relative salience of the global and the local levels of the pattern hierarchy. This amounts to "amplifying" the global/local by hemisphere dissociation which we expect to find in the standard condition. For example, in the sparsity condition, removing local level letters will serve to degrade the global level of the hierarchical stimulus. For normal subjects this manipulation results in significantly faster speed and increased accuracy in identifying targets appearing at the local level relative to the global level of the stimulus. We predict the following pattern of results:

Hypothesis 4: Sparsity: Control children will be faster to identify target letters at the local level of the pattern than at the global level, and they will make more false negative errors at the global level. Their performance in the sparsity condition will contrast with their performance in standard. Their performance profile will resemble that of children with RH injury in the standard condition.

Hypothesis 5: Sparsity: Children with RH injury will continue to be faster to identify targets at the local level of the hierarchical pattern. The sparsity manipulation, by reducing the coherence of the global form, may result in increased speed and accuracy of their local level processing, but overall, performance in sparsity will be very similar to performance in standard. 

Hypothesis 6: Sparsity: Children with LH injury will not demonstrate improvement in responding to targets at the local level of the pattern. The speed and accuracy of their responses to global targets will be reduced compared to standard, but they will still be faster than their responses to local targets.

The density stimulus manipulation results in a facilitation of global level responding for normal subjects. We predict the following pattern of results:

Hypothesis 7: Density: Control children will be faster to report letters at the global level of the pattern than at the local level, and they will make more false negative errors at the local level. Their performance in the density condition will contrast with their performance in standard. Their performance profile will resemble that of children with LH injury in the standard condition.

Hypothesis 8: Density: Children with RH injury will not demonstrate improvement in responding to targets at the global level of the pattern. The speed and accuracy of their responding to local targets will be reduced, but it will still be faster than their responses to global targets.

Hypothesis 9: Density: Children with LH injury will continue to be faster to identify target at the global level of the pattern. The density manipulation, by increasing the coherence of the global form, may result in increased speed and accuracy of their global level processing compared to standard, but the overall pattern of results will be very similar to those observed in the standard condition. 

Method

	Stimuli. On each trial the auditory target will be "H", "S", or "E", equally distributed. The target will appear at the directed level on 2/3 of trials. The hierarchical letter patterns will be constructed using combinations of the letters H, S, and E. All three letters will appear equally often at the global or the local level, but, the same letter will never appear at both levels of the same stimulus. Each auditory target (H, S, or E), will be paired equally with each of the hierarchical patterns. The stimulus trials will be constructed and presented in the same manner for all three stimulus types, standard, sparsity and density. The only difference between the three stimulus types will be in the number of local level letters used to compose the hierarchical patterns. Examples of hierarchical patterns from each condition were presented in Figure 2. Test trials will be blocked by level of focus (global, local), with the stimulus density trials intermixed. There will be 90 trials in each focus condition (i.e., attend global or local). 

	Procedure. The child is first presented with training trials consisting of simple, non-hierarchical H's, S's and E's. These trials will acquaint the child with the procedures, provide practice, confirm that the individual letters are equally recognizable at both the global and local sizes, and provide individual baseline RT data. In order to proceed to the test conditions, the child must achieve 95% accuracy in these training trials. After training, the test trials will be presented. Each visual stimulus will be preceded by a warning beep intended to orient the child to the computer screen, followed by the auditory target. After presentation of the auditory target, a fixation point will appear in the center of the screen, and one second later the hierarchical stimulus will appear, remaining visible for 250 msec. The child's task is to press the "yes" button if the letter designated by the auditory target appeared at the directed level of the visually presented stimulus and the "no" button if it did not. 

	Data Reduction and Analysis. Separate mean reaction times for correct "yes" responses will be calculated for responses to targets at the global and local levels of the hierarchical pattern for each level of density. A mixed design analysis of variance (ANOVA) will be used to analyze the data. The between-subjects factor will be lesion site. The within-subject factors will be age (7, 9, 11), target level (global or local) and stimulus (standard, sparsity, density). Error rate for each level will be calculated and analyzed in a separate ANOVA. 

Study 2: Information Consistency and Conflict

	Task Overview. Study 1 manipulated the physical density of elements in the hierarchical display to systematically bias either global or local level information. In Study 2, the similarity of information at the two levels will be manipulated. There is an extensive literature with adult subjects examining the role of consistent and conflicting information across pattern levels (see Figure 3). Patterns that have consistent information at the global and local levels are processed faster than those with conflicting information, while patterns with neutral information at one level (e.g., a non-target letter) are intermediate.

	In Study 1, it was predicted that children with RH injury should have trouble with tasks that require them to direct attention to the global level of hierarchical forms, but should be fast and accurate at identifying target letters in a locally directed task. The opposite profile was predicted for children with LH injury. But what effect does information at the non-attended pattern level have on their performance? The strong argument would be that, since the children have selective difficulty attending to one pattern level, when asked to attend to their unimpaired level (i.e., local for RH, and global for LH) it should not matter whether the information on the non-directed level was compatible, or in conflict. They simply would not process information at the impaired level. The weaker hypothesis would be that even though the children may have difficulty processing one level of information, and even though the instruction was to attend only to the unimpaired level, some information from the impaired level will "get through". In this case, the type of information 
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Figure 3. Examples of hierarchical letter stimuli to be used in Study 2 

present on the non-directed global level could have some effect on the child's performance. We predict the following profiles of performance:

Hypothesis 7a: Local: The strong prediction is that children with RH injury will be faster and more accurate to targets in the local directed condition than in the global directed condition, and the type of stimulus, conflict, consistent, or neutral, will not have an effect on their responses.

Hypothesis 7b: Local: The weaker prediction is that children with RH injury will be faster and more accurate to targets in the local directed condition than in the global directed condition, but that their responding will differ, depending on the nature of the information present on the non-directed global level of the stimulus.

Hypothesis 8: Local: Children with LH injury will be slower and less accurate in their identification of targets in the local directed condition than in the global directed condition. There will be a significant difference between their responses to the three types of stimuli. Responses to facilitation stimuli will be significantly faster and more accurate than those to conflict or neutral.

Hypothesis 9: Global: The strong prediction is that children with LH injury will be faster and more accurate to targets in the global directed condition than in the local directed condition, and the type of stimulus, conflict, consistent, or neutral, will not have an effect on their responses.

Hypothesis 10: Global: The weaker prediction is that children with LH injury will be faster and more accurate to targets in the global directed condition than in the local directed condition, but that their responding will differ, depending on the nature of the information present on the non-directed local level of the stimulus.

Hypothesis 10a: Global: Children with RH injury will be slower and less accurate in their identification of targets in the global directed condition than in the local directed condition. There will be a significant difference between their responses to the three types of stimuli. Responses to facilitation stimuli will be significantly faster and more accurate than those to conflict or neutral.

Method

	Stimuli. The auditory targets are "H" and "S". The visual stimuli (see Fig. 3) will be constructed of the letters H, S, and O. There are three categories of hierarchical patterns, consistent, conflict, and neutral. For the consistent patterns, the same letter will appear at both levels of the pattern. This will allow us to evaluate possible facilitative effects on the child's responding. The conflict stimuli will be either a global level H made of S's or a global level S made of Hs. Thus, the cued letter will appear at the targeted level (global or local) and the other potential target will appear at the other level. This category of stimulus will allow us to assess the effect of conflicting information on the non-target level of the pattern. The neutral patterns will be constructed by pairing an H or an S at either the global or local level with a neutral letter (O) at the other level. The auditory targets will be paired with the visually presented hierarchical patterns so that for 1/3 of the trials the correct response will be "no". For the remaining 2/3 of the trials, the target letter will appear equally often in the facilitation, conflict and neutral patterns. All hierarchical patterns will be of the standard type (see Study 1). In the global and local directed conditions, 72 test trials will be presented. The training stimuli will be the same as those in Study 1.

	Procedure. The child will first be presented with the training trials described in Study 1. Following training, stimulus presentation will proceed in the same manner as in Study 1.

	Data Reduction and Analysis. Separate mean reaction times for correct "yes" responses will be calculated for responses to targets at the global and local levels of the hierarchical pattern for each stimulus type. A mixed design analysis of variance (ANOVA) will be used to analyze the data. The between-subjects factor will be lesion site and age group (8, 10, 12). The within-subject factors will be target level (global or local) and stimulus (consistent, conflict, neutral). Error rate for each level will be calculated and analyzed in a separate ANOVA. 

RT Studies of Integration and Segmentation

	Task Overview. The tasks used in this series of studies were adapted from work by Enns and Girgus (1985) and focus on the development of two distinct types of spatial processing: selective attention and integration. These two aspects of spatial processing, studied by Enns and Girgus in the context of normal development, map well onto the visual-spatial processing deficits observed in the FL population. The selective attention task requires the child to process selectively one element in the array, while the integration task requires the child to compare two elements. Thus the child must segment out a single element in the first task and integrate two elements in the second. Identical stimulus sets are used in the two tasks, only the task instruction changes. In the segmentation task, subjects attend to one element in the array (the target), while ignoring a single irrelevant element (the distractor). The separation between the two elements is systematically manipulated. For neurologically normal subjects, it is easier to attend to the target if there is no distracting information. Thus the task of selectively attending (or segmenting) becomes more difficult the closer the target and distractor. In the integration task, subjects decide whether two targets are the same or different. The stimulus materials for this task are identical to those used in the segmentation task. For neurologically normal subjects, RT is fastest when the two stimulus items are close together and slowest at maximum separation. 

	We have completed one study with a small sample of FL children using this design. As predicted, children with LHD had more difficulty with selective attention than the integration; while the RHD group showed the opposite profile. What we did not predict was that the LHD children would also have subtle, but discernible, difficulty with the integration task and the RHD would have subtle problems with the segmentation task. However, the nature of the difficulty in each case was consistent with the differential profiles of deficit associated with each group. Specifically, the performance of the LHD children on the integration task was indistinguishable from controls when the target and distractor were relatively close together. It was only on trials when the items were separated by a distance sufficient to require multiple fixations that the children were slower than controls. The multiple fixation placed increased load on the segmenting or encoding process and slowed performance. The rather poor performance of the RHD children on the selective attention task was unexpected. At all separations they were slower than controls; thus, when two items were present in the display their performance was affected regardless of whether the items were in the visual field or not. Interestingly, when the children were given a "no distractor" condition, their RT decreased significantly. The children appeared to be unable to ignore the distractor item, even when it was presented outside their fixation window for the target. One possible explanation for these unanticipated findings may lie in the complexity of the target and distractor stimuli. In these studies, the stimuli were upward and downward pointing arrows. In the selective attention task subjects were required to identify the direction of the arrow. In the integration task subjects were required to judge whether the two arrows were pointing the same or different directions. Consequently, in these tasks a secondary spatial decision was embedded within the primary task. Thus, even though, in the primary experimental manipulation, the two tasks systematically varied the demands on segmentation and integration processes at the level of the stimulus array, secondary demands imposed at the level of the target and distractor stimuli confounded that the primary experimental dissociation. This uncontrolled complexity may explain, in part, the unanticipated sensitivity of the selective attention and integration tasks to the spatial deficits of children with both RHD and LHD, respectively. 

	In the current study, stimulus complexity will be systematically varied. The same Selective Attention and Integration tasks will be used with three different sets of stimuli graded for complexity. In the simplest condition, stimuli will be black and white circles. In the second condition, the stimuli will be a white squares and triangles. In the third condition, the stimuli will be the arrows used in the original study. By varying the amount of spatial processing required to make judgments about the targets, we should be able to discern which aspect of the children's response is attributable to the processing of the array and what part involves decisions about the target and distracter items themselves. Giving the complementary processing demands imposed by the two tasks should yield quite different performance profiles for the focal lesions groups:

Hypothesis 1a: Selective Attention: Children with LHD will be slower than RHD or control children on the Selective Attention task which requires rapid, selective extraction of information from the visual array. This distinction between RHD and LHD will be greatest in the black and white target condition, intermediate in the circle and square condition, and least in the arrow condition. 

Hypothesis 1b: Selective Attention: The segmenting demands of the Selective Attention task should not impact the performance of children with RHD in the black and white target condition where they may even show less interference than controls when target and distracter items are close together. Performance will decline as the spatial processing demand for the targets increase in conditions 2 and 3.

Hypothesis 2a: Integration: Children with RHD will be significantly slower than LHD or controls on the Integration task. This distinction between RHD and LHD will be greatest in the black and white target condition, intermediate in the circle and square condition, and least in the arrow condition. 

Hypothesis 2b: Integration. The integration demands of this task should not impact the performance of children with LHD. Performance will decline as the processing demands for the targets increase in conditions 2 and 3. 

Method

	Stimuli. Within each stimulus condition, the same set of items is used in the Selective Attention and Integration tasks, only the instruction to the subject changes. In the Selective Attention task subjects are asked to respond to the top element and ignore bottom; in the Integration task they are asked to compare the top and bottom elements. Across the three stimulus conditions, the structure of the series of trials is identical in terms of placement of the two elements, only the type of element changes. In the first condition the elements consist of black and white circles, in the second circles and squares, and in the third upward and downward pointing arrows. Within each stimulus set the top element is located in a constant position at the center top of the computer display. The second element is located directly below the first element at a separation of .5, 4, 8, or 16 degrees visual angle. There are an equal number of trials at each separation. 

	Procedure. Subjects will be seated 40 cm from the center of the computer. Subjects are first presented with a series of single element practice trials, intended to convey task instruction and provide practice with button pressing. In the baseline RT condition the subject's task is to respond whenever a single target appears on the screen. The purpose of the baseline task is to record RT in the absence of a decision about a target. In the Selective Attention task the subject indicates the identity of the stimulus at the top of the computer screen (the target) while ignoring a second stimulus (the distracter) which appears at one of four locations below the target. In the Integration task the subject's task is to indicate whether the two stimuli are the same or different. In both the Selective Attention and Integration conditions, subjects indicate their decisions by pressing one of two response keys. During both tasks, subjects are instructed to respond as quickly as possible without making mistakes. The order of stimulus condition is counterbalanced across subjects, and the order of task will be counterbalanced across stimulus condition. Children will be tested at 8- and 10-years.

	Data Reduction and Analysis. Separate mean reaction times for correct responses will be calculated for each task within each stimulus condition. Data from the two tasks will be analyzed separately. For each task, a mixed design analysis of variance (ANOVA) will be used to analyze the data. The between-subjects factor will be lesion site. The within-subject factors will be age (8, 10, 12), stimulus condition (color, shape, direction) and visual angle (.5, 4, 8, 16). Error rate for each level will be calculated and analyzed in separate ANOVAs. 

C. Spatial Cognition and Spatial Language

	An on-going debate in developmental cognitive neuroscience concerns the degree to which language can be viewed as a domain-specific module (Fodor, 1983) independent of non-linguistic cognition (see Bates et al., 1988, Elman, et al. 1996, Karmiloff-Smith, 1992 for discussions). Functionalists and cognitivists argue that language development is dependent on cognitive and social precursors (Cromer 1974, 1988, Bates et al., 1988; Snow, 1972, 1994; Bruner, 1975, 1983), but nativists assert that language emerges independently (Chomsky 1988). One approach to this question has been to search for patterns of association and dissociation between language and other aspects of cognition in normally developing children and in children from atypical populations (Bellugi et al., 1994; Bates and Thal, 1991; Bates, 1992, 1994; Curtiss 1977, 1981; Mervis et al., 1994). A particularly successful strategy has been to examine the relationship between the emergence of specific lexical items and their non-linguistic cognitive correlates (e.g., Johnston and Slobin, 1979, Gopnik, 1988; Gopnik and Meltzoff, 1986; Clark 1973; Levine and Carey, 1982; also see (Johnston, 1985, 1988). In this project we continue this tradition by examining the acquisition of spatial locative prepositions in children who have demonstrated specific spatial cognitive deficits. Targeting that portion of the lexicon that directly represents the specific cognitive domain in which we have previously identified deficits will permit us to determine the relationship between spatial concepts and their linguistic representation. Examining the acquisition of spatial prepositions in children with specific spatial cognitive deficits puts us in a unique position to address the extent to which non-linguistic cognitive correlates are in fact, prerequisites for the emergence of their linguistic counterparts.

	Data on normal acquisition of spatial terms supports the developmental priority of spatial concepts over the emergence of their linguistic representation. (e.g., E. Clark, 1973; H. Clark, 1973; Levine and Carey, 1982; Halpern, Corrigan and Aviezer, 1981; Johnston, 1983, 1985) . Although there is evidence that language input and therefore the language that the child is acquiring influences the semantic features that are lexically encoded (Bowermen, in press, Choi in press; Bowermen, de Leon and Chio, 1995), there is considerable data from English speaking children that spatial terms are acquired in a consistent developmental sequence (Johnston, 1983, 1985; Clark, 1973; Johnston and Slobin, 1979). In a recent review, Johnston (1988) synthesized the results of 18 acquisition studies of spatial locatives which include data from nine languages. This meta-analysis confirmed her past cross-linguistic analysis and produced a more specific acquisition sequence for English: IN, ON, UNDER, NEXT-TO, BETWEEN. [Note that the use of capitals connotes the concept not the specific lexical item as many of these concepts have several linguistic realizations (e.g., next to and beside, under and underneath, in and inside, on and on top)]. Comprehension of the earliest term (IN) appears before 2;0 with production following between 2;0-2;4; the last spatial locative in this series (BETWEEN) emerges after 3;6. 

	The focus of the current study is the impact of spatial cognitive deficits on lexical development. Specifically, if acquisition of nonlinguistic concepts precedes acquisition of the associated lexical terms, then the children with RHD who have specific delays in spatial integration should be delayed in acquisition of spatial prepositions. The kinds of segmentation deficits observed among children with LHD should not affect the acquisition of either the integrative concepts or the verbal terms that mark them. Thus considering only the impact of spatial deficits, the linguistic and nonlinguistic acquisition profiles of children with RHD should be delayed while those of children with LHD should not. One possible confound in the logic of this study is the fact that early focal brain injury affects language development as well as spatial development. In our recent studies of language in children with FL (Thal et al., 1991; Bates et al., in press; Reilly et al., in press) we have found that all children with focal brain injury, regardless of lesion site are at risk for delay in the onset of language. Children with RHD show delays in lexical comprehension with relatively preserved lexical production profiles. Children with LHD show early production deficits with preserved comprehension. However, despite these early deficits, by age 3,6 lexical production among children in the FL population does not appear to differ from normal age-matched controls (Reilly et al, in press). That is, by age 3,6 lexical production for both groups appears to have "caught up." Thus, at the point where children with RHD continue to show pronounced deficits in spatial cognition, overall lexical development appears to be in the normal range. If we find specific deficits for spatial terms among children with RHD, it is reasonable to attribute them to spatial deficits rather than to linguistic delay. Nonetheless, in order to control for the possible effects of a global language delay, the developmental profiles for spatial locative terms will be compared with profiles from a second set of lexical items which emerge in a similar time frame, but do not reflect spatial concepts. If we see a normal developmental profile for this second set of terms, but not for spatial prepositions, we can conclude that the basis for the delay is linked to the non-lingusitic spatial deficit. 

	The current study will consist of four tasks: (1) a nonverbal test of spatial concepts, (2) a test for comprehension of lexical prepositions, (3) a test for production of lexical prepositions and (4) a test which uses the same task as the test of nonverbal spatial concepts, but to which the lexical labels are provided. In addition, all of the children in the study will be tested on comprehension and production of terms for emotional states under the auspices of the PCND. Pilot data from a small sample of children in the FL population reflect a normal developmental timetable for the acquisition of emotional terms. It is predicted that different developmental profiles will emerge for children with RHD and LHD: 

Hypothesis 1: Children with RHD will be delayed on the nonverbal test of spatial relations.

Hypothesis 2: Children with RHD will be delayed for comprehension and production on spatial locative acquisition. 

Hypothesis 3a - Developmental delay: Despite the delay across both domains, the normal developmental profile will be observed in that mastery of the nonverbal concepts will precede mastery of the verbal markers. Thus, the verbal and nonverbal acquisition profiles for children with RHD will show similar and comparable patterns of delay. 

An alternative and competing hypothesis is:

Hypothesis 3b - Bootstrapping: A reversal of the usual developmental profile will be observed. Children will acquire the verbal marker for a spatial relation before they show mastery of the nonlinguistic concept. The extension of a spatial term may be impoverished initially. This would be reflected in a tendency toward overgeneralization in the child's use of the term. The bootstrapping hypothesis suggests a different kind of interplay between linguistic and spatial concepts than normally observed. Here the language may actually facilitate acquisition of the spatial concept.

Hypothesis 4: Children with RHD will show normal acquisition profiles for emotional state terms. 

Hypothesis 5: Children with LHD will show normal acquisition profiles for nonlinguistic spatial concepts.

Hypothesis 6: Children with LHD will show normal acquisition profiles on tests of spatial locative acquisition. 

Hypothesis 7: Children with LHD will show normal acquisition profiles for emotional state terms. 

Method

	To evaluate the development of the following locative prepositions (IN, ON, UNDER, BESIDE and BETWEEN) and their non-linguistic correlates, we propose the following set of four tasks. The first task is a non-linguistic copying task using 3-D models. The next is a comprehension task in which the child is shown pictures of spatial relations and asked to either identify the relations. This is followed by a production task in which the child is asked to label the relation between the objects. Finally the initial copying task will be administered with the addition of verbal labels provided by the experimenter. In all four tasks, ON, UNDER, BESIDE and BETWEEN will serve as targets; IN will be used in training because it is the earliest acquired and likely to be mastered by all the children by 36 months. 

	Subjects: Children will be tested at 6-month intervals beginning at 36-months and extending to 6-years. 

TASK 1. Non-linguistic Construction. 

The purpose of this task is to evaluate children’s non-linguistic mastery of locative concepts. To achieve this, children will be asked to copy a series of simple model constructions. 

	Stimuli and Procedure. Two sets of stimulus materials will be used, blocks (abstract) and small toys (real). Each set consists of six items, 5 GROUND objects and one FIGURE object. This procedure is adapted from our earlier block construction studies with the FL population (Stiles et al, 1996). The experimenter constructs a model of each spatial relationships behind a screen. She gives the child a matching set of blocks or toys, shows the child the model and requests that he/she make one "just like this one." The construction modeling IN will serve as a practice trial for both the abstract and real conditions. The five target relationships are modeled twice, once with the blocks and once with the toys. 

	Data Reduction and Analysis. Each construction will be scored as either passing or failing. Data will be analyzed using a mixed design of analysis of variance. The between subjects factor is group and the within subjects factors are age, task (abstract or real) and spatial concept (ON, UNDER, BESIDE and BETWEEN). 

TASK 2. Production of Spatial Locative Prepositions. 

	The purpose of this task is to evaluate children’s production of spatial locative prepositions. Children will be tested using a sentence completion task.

 	Stimuli and Procedure. A sentence completion task will be used. A pair of photographs will be shown on each trial depicting two different spatial relationships, but using the same figure and ground objects. The experimenter describes one picture and asks the child about the other. For example, "This ball is UNDER the bed. Now you tell me about the ball in this picture" (e.g., ON the bed). Each of the four target prepositions will be tested four times. For each preposition, the photographs for each trial will depict different characters and props, such that there is no duplication over trials for a specific preposition. Prior to the test trials each child will be given nine practice trials designed to convey the task instruction. Three are based on color, three on size and three on the in/out distinction. For example, “This ball is red. Now tell me about this one” (e.g., the ball is yellow). 

	Data Reduction and Analysis. Each response will be scored as correct or incorrect, and a score from 0 to 4 will be assigned for each preposition. Data will be analyzed in mixed design ANOVAs. The between subjects factor is group and the within subjects factors are age and spatial concept. In addition, analyses assessing error type will be conducted.

TASK 3. Comprehension of Spatial Locative Prepositions. 

	The goal of this task is to evaluate children’s understanding of the target locative prepositions. A forced choice procedure will used for the comprehension task. 

	Stimuli and Procedures. A forced choice comprehension task will be used. On each test trial the child will be shown three vertically arranged photographs, each depicting one of the target relations (e.g., BETWEEN, UNDER, ON). The same figure and ground objects will be used in all three pictures. The child will be asked to point to the picture which corresponds to the linguistic target for that trial ("show me the ball ON the table"). Because of the possible ambiguity of relations between objects with inherent fronts and backs, inanimate, symmetrical objects will be used for both the FIGURE object (ball) and the 5 GROUND objects (table). Each of the four prepositions will be tested nine times. They will appear equally often in each of the three possible positions in the array of photographs, and will appear with the same frequency within a triad with each of the other prepositions. A series of nine practice trials will precede test trials. The targets for the practice trials will include 3 color targets, three size targets, and 3 spatial locative targets using IN. For example, “Show me the red square (where the photographs depict blue, green and red squares).

	Data Reduction and Analysis. Each response will be scored as either correct or incorrect, and a score ranging from 0 to 9 will be assigned for each preposition. Data will be analyzed in mixed design ANOVAs. The between subjects factor is group and the within subjects factors are age and spatial concept. Analyses assessing error type will be conducted.

TASK 4. Construction with Verbal Label.

	The purpose of this task is to examine whether performance in the modeling task described in Task 1 is affected by the addition of the verbal label representing the spatial relation. The task is identical to that described in Task 1 except that the experimenter verbally states the target relations. 

	Stimuli and Procedure. The stimulus materials and procedures for this task are identical to those described for Task 1, except the experimental will provide a verbal label for the target spatial relation. For example, while pointing to the dog, she would say, “The dog is under the table.” 

	Data Reduction and Analysis. Data reduction and analyses are the same as for Task 1. In addition, an analysis explicitly comparing performance in Tasks 1 and 4 will be conducted. 

D. A Functional MRI Study of Children with Focal Brain Injury

	All of the studies outlined thus far have focused on the behavioral consequences of early brain injury on the development of visuospatial processing. These studies allow us to identify deficits and patterns of recovery associated with early lesions, but they cannot specify where in the neural substrate visuospatial information is processed. There is a wealth of direct evidence from animal studies indicating that developing brains exhibit at least some capacity for plastic reorganization (see Stiles, submitted). Data from human behavioral studies, including the current one, are consistent with, and in many cases present a compelling indirect case for neural reorganization. However, specific neurological data from humans is extremely limited. This is largely due to the lack of safe, noninvasive procedures for studying associations between behavior and brain activation. ERP techniques have been useful in providing general information on reorganization (Mills, 1993), but spatial resolution with ERP is limited. The recent development and dissemination of fMRI techniques offer a new and potentially powerful way to address questions related to functional reorganization in the neural substrate. Specifically, if a child has a lesion in a brain region that would normally mediate a particular function, where is the information processed? In the case of spatial analytic processing, we know that children with both RP and LP lesions have specific deficits, but these deficits are relatively mild and the children can compensate for them. Thus, the children are not “aspatial.” They process visuospatial input, not as well as normal children do, but they do process it. FMRI techniques will allow us to measure directly the sites and magnitude of activation associated with particular behaviors, in both normally developing children and in children with early focal brain injury.

	During the past two years, we have been working to develop a protocol that will allow us to examine in normal adults and children patterns of brain activation associated with the two complementary aspects of spatial analytic processing described earlier, segmentation and integration. The behavioral task we have used is similar to the RT tasks using hierarchical stimuli described in Section D2. Subjects are shown a series of hierarchical forms and on separate blocks of trials asked to identify targets at either the global or the local level. We have been successful in identifying robust, dissociable patterns of activation in right and left inferior temporal-occipital brain regions among our adult subjects (Martinez et al., in press), and among a small group of normally developing children (Martinez, et al., 1997). These differential profiles of activation reflect differences in processing information at global and local levels of pattern structure. For both adult and child subjects, our RT data map closely to fMRI measures of size of activated brain area and change in signal intensity. Although additional control data from normally developing children are necessary, these findings place us in a position to ask questions about patterns of activation in children with early focal brain injury. How will the patterns of activation within each hemisphere compare with normally developing children? Will patterns of activation in the intact hemisphere be similar to those observed in normally developing children or will there be systematic differences? Will there be evidence of displaced activation within the lesioned hemisphere? Will the size or location of lesion within a hemisphere affect profiles of activation? These are all questions that can be addressed, perhaps for the first time, within the context of this fMRI study. Specific predictions about the effects of lesion size and location on profiles of brain activation will follow a more complete description of our adult fMRI study.

	An fMRI Study of Spatial Analytic Processing in Adults. In our study of adults, change in hemodynamic response, specifically, blood oxygenation levels as measured by functional MRI, was used both to investigate the anatomical location and magnitude of hemispheric asymmetry associated with processing hierarchical stimuli. Although it is likely that multiple brain regions interact to produce the behavioral profiles associated with segmentation and integration, we focused our investigation on the role of the temporal lobes. Regions encompassed by the inferior posterior temporal lobes (IPT), (including inferior-temporal (IT), and fusiform gyri) have been identified in animal (e.g., � ADDIN ENRef ��Desimone, Albright, et al., 1984; Tanaka, Saito et al. 1991)�, and in human neuroimaging studies (Sergent, et al., 1992; Haxby, et al., 1994; Haxby, et al., 1991; Malach et al., 1995) as crucial for identifying object shape and features. Moreover, studies of patients with unilateral brain lesions implicate the temporal lobes as central to global\local processing � ADDIN ENRef ��(Robertson, Lamb et al., 1988; Lamb, Robertson et al., 1989)�. 

	Development of the RT protocol used in conjunction with fMRI took a number of steps. Since the central question concerned hemispheric differences in global and local level pattern processing, our first series of RT studies employed a visual hemifield design. Stimuli were presented either centrally or to the right or left visual half field, and RTs to either global or local level targets presented within each hemifield were analyzed. Based upon adult lesion studies, we had predicted a double dissociation in performance related to field of presentation. Specifically, RTs to global targets presented to LVF/RH would be faster than RTs to local targets; while RTs to local targets would be faster within the RVF/LH. Results from a series of four RT studies, robustly supported the LVF/RH dissociation. For the RVF/LH, the dissociation was less pronounced. Although subjects were marginally faster to local level targets, their responses to global level targets were nearly as fast. Thus, on these tasks, both global and local targets presented to LH are processed with equal efficiency, while for targets presented to the RH a clear advantage for global over local level processing is observed. These hemifield RT studies provided the model for designing the fMRI study, and the bases for formulating predictions about patterns of brain activation. 

	Ten right-handed adults participated in the fMRI study. During the fMRI session, the behavioral task involved central presentation of hierarchical stimuli. Subjects were presented with two blocks of trials. During one block, they attended to the global level and ignored the local; during the other they attended the local and ignored the global. The task was to count the number of times a target shape appeared at the attended level. Each block was divided into alternating 40 second segments, during which either the hierarchical processing task or a control task was presented. In the control condition, subjects passively viewed alternating dark and light gray squares. Each block lasted 6 minutes and contained 4.5 cycles. One cycle consisted of a 40 sec task and a 40 sec control segment. Each block began and ended with a control segment. At the end of the 6-minute block, subjects reported the number of observed targets. Targets appeared on 13-15% of trials. Before entering the magnet, subjects were trained on the task and familiarized with the target. Additionally, all subjects were run on the hemifield RT task. To analyze the fMRI data, activation in previously specified regions of interest (ROIs) in the right and left IPT were compared under the globally- and locally-directed conditions in two separate analyses. The results showed that the RT and activation data map well onto each other. Increased areas of activation during the fMRI task (measured as mean percent signal change and activated brain area) was associated with faster RTs in the hemifield task (See Martinez, et al., in press in appendix). The fMRI and RT data provide robust profiles of hemispheric differences for processing global and local pattern information. The profiles do not indicate the strong double dissociation suggested from studies of adult lesion patients, but the patterns of data are consistent. The current data suggest a bias within each hemisphere for processing different kinds of information. The bias for global level processing is well defined in the RH, but some activation to local level information is evident. The bias for local level processing is less pronounced in the LH. Patients with unilateral temporal lobe lesions show strong dissociated deficits for global and local processing, but the pattern of deficit is consistent with the less pronounced bias effects suggested in the fMRI data. It may be that while, in a normally functioning brain, both hemispheres participate in both global and local processing, in the mature brain normal global processing requires an intact RH and local processing an intact LH. 

	These findings raise intriguing questions about neural mediation of global and local level processing in children with early focal brain injury. The behavioral data indicate consistent, but attenuated profiles of deficits in children compared to adults. It is possible that the developing brain may exploit the availability of “nondominant” processing capacity within each hemisphere to achieve the higher levels of processing ability observed among children. The particular profiles of neural mediation may be affected by both the site and the size of lesion. Based upon these findings we predict the following for children with early lesions:

Hypothesis 1: Injury to posterior brain regions, and in particular involvement of the temporal lobe, will have a greater effect on activation profiles than will injury to more anterior regions. 

Hypothesis 2: Large posterior cortical lesions will result in contralateral reorganization of function. Specifically children with LP injury will show enhanced RP activation for local processing; while children with RP lesions will show enhanced LP activation for global processing. Given that among normals the LH appears to process global and local level input with comparable efficiency, the case for reorganization among the LP cases is stronger than among RP cases. However, it is possible that even among the RP injury cases abnormally high levels of LP activation for global processing may be observed (see below). 

Hypothesis 3: Small posterior cortical lesions will result in profiles of ipsilateral reorganization. This prediction is consistent with data from infant primate lesion studies showing that lesions to areas TE and TEO result in reorganization within adjacent brain areas of the same hemisphere (Bachevalier, 1994). 

Injury isolated to subcortical regions will affect activation profiles in cortical regions. Location of subcortical injury will result in different profiles of activaton:

Hypothesis 4: In the case of injury to distributed regions of the periventricular white matter competing predictions can be made. Disruption of white matter may affect development of cortical projection sites resulting in attenuation of signal in cortical regions. Alternatively, this disruption may result in heightened levels of signal reflecting the inefficiency of the target cortical system. In both cases, injury to periventricular white matter is predicted to affect ipsilateral cortical regions. 

Hypothesis 5: Injury to the thalamus in combination with even modest cortical involvement may result in contralateral reorganization of processing. Unilateral involvement of LGN may disrupt input to primary visual cortices and their projection sites. Under these conditions, visual input may rely on the intact thalamic relay resulting in contralateral reorganization of visuospatial processing. 

Method

	Subjects. Beginning with children at age 10, all children in the focal lesion population will be tested. Of the children currently enrolled in the study, this will include 23 children with RH injury and 41 children with LH injury, for a total of 64 children. Thirty-three children are in San Diego and 31 in New York. In addition, we will test 60 normally developing children in San Diego.

	Behavioral protocol. The behavioral protocol will be identical to that used with adults. 

	Imaging protocol. Functional imaging will be performed with a 1.5 Tesla Siemens VISION magnet equipped with gradient overdrive option. The system has a 60 cm bore which contains ventilation and lighting. The imaging coil which will be used is a standard equipment circularly polarized head coil optimized for brain imaging with a 30 cm circular opening. The coil has an open face design that allows the subjects to directly view upward and slightly to the side. With a mirror apparatus, the subject can view out of the bore to stimuli delivered from either the front or the back of the magnet. Additional surface coils can be used to increase signal to noise. Our lab has the capability to produce these coils if they come into demand.

	We will use whole body gradients that have an effective field of view (FOV) of 500 mm. The gradients operate in one of two modes. In a non-resonant mode, these gradients can produce 25 mT/m in 600 microseconds along any of the three axes. In a resonant mode, 25 mT/m can be accomplished in 300 microseconds. The measurement control system for the Siemens VISION allows multiple gradients to be applied simultaneously and produce single or double oblique images. Within given sequences, the system can incorporate features of both the resonant and non-resonant modes. Functional T2*-weighted images will be acquired with a base sequence using a single-shot EPI readout with a nominal echo time (TE) of 41 msecs, a sampling bandwidth of 1470 Hz/pixel, and a flip angle of 90o. Images will have a matrix size of 128x128 and in-plane resolution of 3.75 x 3.75 mm. A total of 74 images will be acquired for 10 adjacent 5mm thick coronal slices in an interleaved mode with a repetition time (TR) of 5s. The first two images from each slice will be discarded to assure that the MR signal has reached equilibrium on each slice. This same protocol was used successfully in the adult counterpart of the proposed study. The extent of the imaged region will be from the posterior margin of the splenium of the corpus callosum and extending into occipitotemporal cortex. For anatomic localization a standard whole-brain T1-weighted 3D SPGR sequence (TR=30 ms, TE=5ms, flip angle=45o, 256x192x60 matrix) will be acquired for each subject and the echo planar activation maps will be overlaid on the corresponding structural slices.

	Functional image analyses. In our previous fMRI study of global and local processing in adults we used a correlation analysis (Bandettini, et al 1993) in which the signal time course for each pixel is correlated with a delayed, trapezoidal model response function and a correlation coefficient threshold is applied to identify pixels that show significant activation. This method is closely related to other statistical analysis methods based on a t-test, z-score or multiple regression (Friston et al 1994; Friston et al., 1995; Just, et al 1996; Clark, et al. 1996) in which the statistical quality of a measured signal change is the basis for selecting significantly activated pixels. In order to compare the degree of activation in a particular area during two tasks (e.g., global vs. local) we compared the number of pixels passing the statistical threshold, and also compared the signal change during the two tasks. Although these standard methods worked well in our adult study, there are two potential problems with this approach in the proposed studies of children: 1) The hemodynamic response in children has not been characterized, in particular the variability of the delay between the start of the stimulus and the blood flow response. Because of this a more flexible model response function is needed to insure that activations are not missed because an inappropriate delay is used. 2) Noise is not uniform across all brain regions even in adults, and noise variability in the brains of children is unknown. For this reason, the comparisons of the degree of activation, either comparing activation between different areas during the same task or activation in one area during different tasks, must take into account the non-uniformity of noise. 

For the proposed studies we will utilize a general probabilistic method, developed by Frank (1996; 1997), for analysis of fMRI data which allows: estimation of model parameters, determination of statistical significance and comparison of 

data. This approach has been used successfully in a number of parameter estimation applications, including analysis of MR spectra (Bretthorst, 1990). Under appropriate conditions the probabilistic method reproduces the results of standard statistical analyses, such as applying a t-test, correlation analysis, or least squares multiple regression analysis, but it also provides a more general framework for analyzing more complicated situations. The central concept in the probabilistic approach is the construction of the posterior distribution of the parameters of a given functional activation model in the presence of a given noise model. In our analysis the activation model is again a periodic trapezoidal response function, but with two unknown parameters: the amplitude A of the response, and the delay t between the start of the stimulus and the beginning of the upslope of the model response. The noise model is independent Gaussian noise of unknown amplitude which may vary from one pixel to another. For each pixel the amplitude is estimated in the Fourier domain from the amplitudes of the Fourier components of the model function, and the delay is estimated from the phase of these components. The results of this fitting procedure are then expressed in terms of the posterior probability density distribution P(A) of the amplitude: the peak of P(A) is the best estimate of the value of A, and the width of P(A) expresses the uncertainty in that calculated value. With this approach the amplitude of activation, the hemodynamic delay, and the noise amplitude are determined individually for each pixel. The estimate of t itself can be used to remove pixels showing an artifactual correlation with the stimulus due to patient motion, because these pixels typically have no delay, in contrast to a delay for true activations of several seconds in adults. Significantly activated pixels are identified by integrating P(A) over an appropriate range: the probability p that the amplitude is greater than zero is the integral from zero to infinity. A threshold on p is then used to identify activated pixels. (This procedure is conceptually equivalent to asking for the probability that the same distribution centered at zero would yield the estimated amplitude or larger, which is 1-p.) To compare two activations P(A) and P(B), the probability distribution for the difference A-B is constructed as the correlation of P(A) and P( B), and the significance is again determined by integrating P(A-B) over the appropriate range. This approach automatically accounts for differing noise in the two measurements, as reflected in the differing widths of the two posterior probability functions. The procedure is used to compare activations between regions and tasks. 



�

�Using this method for image analysis we have examined data from both adults and children. Among our adult subjects the posterior probability maps provide activation profiles that are virtually identical to a standard correlational analysis (Bandettini et al., 1993). The posterior probability maps for our child subjects provide robust profiles of activation that are similar to those obtained for adults. Figure 4A provides an example of the posterior probability maps under conditions of global and local processing for one of our adult subjects as compared to our analyses using another standard correlational method. The dissociation of activation for global and local processing in right and left inferior occipital-temporal regions is evident. Figure 4B shows comparable profiles for four normally developing children. Figure 4C shows data from a case study of one child with unilateral focal brain injury. The child was 11-years at time of testing. He has a large prenatal lesion involving cortical and subcortical regions of the parietal lobe, marked reduction in volume of the left thalamus, atrophy of the posterior region of the left superior temporal gyrus, and significant volume reduction for the entire left temporal lobe. We predicted that a lesion of this sort should result in contralateral reorganization, and possibly enhanced activation to local processing in the right temporal lobe (see Hypothesis 5). The data confirm this prediction. As shown in Figure 4B&C, activation profiles to global processing are similar to other children in this age range. However, this child shows enhanced right hemisphere activation to local processing. Overall activation of right hemisphere is greater during local than during global processing supporting the notion of local processing inefficiency. Finally the hemifield RT data for this child are consistent with his activation profile. This child shows no effect of visual field; RTs to global and local targets are not affected by side of presentation. This is exactly what would be predicted if input from both fields is directed to a single processor in the intact, here right, hemisphere. The second important feature of our analytic approach is the ability to use the posterior distribution of the amplitude for each pixel as a means of analyzing the activation amplitudes in the same pixel (or group of pixels) under two different conditions in order to determine if there is a significant difference in activation amplitudes during global versus local level processing. Figure 5 shows a map of the differences in activation amplitudes of pixels in each of our experimental conditions. 

Finally, thus far, our analytic programs only allow for display of data from the echo planar imaging sequences. We do not yet have the capability to combine these images with structural imaging data. Over the next year our goal is to incorporate the posterior probability analyses into a larger analysis package that includes image registration, Tailarach transformations, volumetric rendering and structural overlays. Our current plan is to use the program Medical College of Wisconsin, AFNI for these purposes. The latest version of AFNI allow the incorporation of user routine such as the one developed here. 

�EMBED Unknown \s���

Figure 5. Global and local activation profiles and the map showing the differences between them.
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H.	CONSORTIUM/CONTRACTUAL ARRANGEMENTS

	See attached letter (Appendix C) from the pediatric neurologist associated with this project in New York City.



I.	CONSULTANTS/COLLABORATORS 

	Neuropsychological Consultant

	Clinical Consultant

	Consultant in Child Language Studies
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The goals of work presented in this proposal require the fine-grained examination of behavior over long periods of time. As such, it is an extremely labor intensive project, and that fact is reflected in the budget requests. The budget is divided into two subunits, the primary contract to UCSD and a subcontract to the New York University Medical Center. The primary functions of the subcontract is data collection and maintenance of the subject population at the New York testing center. The data collection schedules are described at length in the proposal. They will require several hours of testing semi-annually for each child under 6 years of age and annually for children over age 6. The success of the study hinges on maintaining the interest, support and cooperation of families involved in the project. Given the rigor of the testing schedule, we must offer maximum flexibility in our scheduling of testing sessions. Given the rarity of the disorder every family is critical, and we must have trained personnel available either to answer questions or direct them to appropriate staff members in a timely fashion. As described in more detail below, for each testing site we have requested funding for a 50% research assistant, whose job it is to schedule and carry out all subject testing, to obtain and maintain medical information files under the direction of the site pediatric neurologist, to arrange for transfer of raw data to the PI's laboratory at UCSD for analysis, and to act as project liaison for parents. The very large tasks of data coordination, organization, transcription, reduction and analysis will be carried out at Dr. Stiles' laboratory at UCSD. In her laboratory, Dr. Stiles has the office and laboratory facilities necessary for managing the data for this project, including rooms reserved for videotape transcription and computer analysis of data.



Personnel

Joan Stiles (Principal Investigator, 20% effort). Dr. Stiles was the principal investigator for the first phase of this project and will remain in that capacity. She is responsible for oversight and supervision of all aspects of this project. She serves as the primary supervisor for the staff research associate and the graduate student assistant. In addition, she is responsible for maintaining and coordinating communication between the New York site and the San Diego site, and between the behavioral testing facility and the MRI facility in San Diego. Dr. Stiles also serves as principal investigator on the focal lesion project affiliated with the PCND. In that capacity she oversees all population related issues. Thus, while the current project does not support the induction and screening of children in the focal lesion population, Dr. Stiles is directly responsible for these important issues under the auspices of the PCND.



Statistician (Co-Investigator, 5%). The primary statistician on this project will be responsible for data coding and archiving. He will oversee all aspects of data analysis.



Pediatric Neurologist (Co-Investigator, 5%). The pediatric neurologist for this project will be responsible for the medical and standardized behavioral evaluation of the children in this project. This is a huge task requiring a much larger percentage than the time indicated in the proposal. Much of the work will be carried out under the auspices of the PCND. However, she will also be directly involved in addressing the medical and behavioral questions for the studies contained in this proposal. She will review and evaluate data for all subjects included in publications issuing from this work.



Physicist (Co-Investigator, 10%). Physicist co-investigator I is a physicist with expertise in many aspects of MRI. Of particular relevance to this project, he has been involved for many years in modeling of perfusion effects in both PET and MRI, flow imaging using MRI, and has expertise in cerebral blood flow and metabolism, and modeling of susceptibility and diffusion related effects in MRI. In addition, co-investigator I is the Director of MRI research at UCSD, and will insure that adequate access to MRI scanning facilities will be available for this project.



Physicist (Co-Investigator, 10%). Physicist co-investigator II will supervise the data analysis aspects of the grant, including the application and continuing development of the probabilistic methods he has devised. This co-investigator will also supervise the analysis carried out by the computer programmer, including the application of standard existing statistical techniques, the evaluation of fMRI data analysis packages provided by other researchers, and the graphical display of data. This co-investigator holds an 8/8 VA appointment at 40 hours per week: 67% VA, 33% UCSD.



Radiologist (Co-Investigator, 10%). The radiologist co-investigator is Professor of Radiology and Neurosciences and Chief of the Division of Magnetic Resonance at the UCSD Medical Center. The radiologist co-investigator will be responsible for the clinical interpretation of the brain MR scans on all the subjects. In addition, he will evaluate any focal brain abnormalities and provide the following information: 1) characterize the lesion (infarct, contusion, congenital, etc.); 2) localize the lesion to a specific gyrus or gyri of the brain; 3) measure the size of each lesion. He will also assess each MR scan for hemispheric and lobar asymmetries. He will assist with evaluation and anatomic localization of fMRI signals to distinguish true cortical activity from vascular structures within adjacent sulci. The radiologist co-invetigator holds a 1/8 VA appointment at 5 hours per week: 8% VA, 92% UCSD.



Physicist (Co-Investigator, 10%). Physicist co-investigator III is a magnetic resonance imaging physicist with expertise in several areas of MRI including design of imaging techniques for ultrafast imaging, perfusion imaging, and functional imaging, design of high performance local gradient and radiofrequency coils for specialized applications, techniques for image reconstruction and data analysis for functional neuroimaging, and techniques for diffusion weighting.



Staff Research Associate (100%). The SRA is responsible for coordination, organization, transcription, reduction, coding and analysis of all the data from this project. The kind of detailed, multi-faceted analysis of behavior we propose requires hours of data management for each hour of actual testing. Based upon our past studies of normal children using identical or very similar measures of behavior we estimate that for every hour of data collected, reduction and analysis requires approximately 8 hours of labor. For example in our study of spatial local processing, the 45-60 minutes of data collected on the four tasks takes approximately 4 hours to transcribe, 1.5 hours to reduce to manageable coding units, and 2.5 hours to code for the different measures of spatial understanding. This does not include any estimates for time spent coordinating data transfer from the testing sites, filing and maintaining data records, or conducting actual data analyses. This is clearly more than a full time job. Part of her responsibility will be to supervise a part time laboratory assistant.



Graduate Student Assistant (50%). The GSA will be responsible for overseeing behavioral studies with normal children and adults. She has also been directly involved in all of the fMRI studies in my laboratory and is familiar with all of the protocol for imaging and data analysis. She is the most qualified and appropriate student to take on these tasks. She is also knowledgeable about statistics, and could assist with most of the analyses outlined in the proposal.



Tuition remission. It is the policy of UCSD to request tuition remission for graduate student research assistants. Tuition remission in year one is calculated as shown and increased by 4% in subsequent years.



Laboratory Assistant (50%). The 50% laboratory assistant will be supervised by the SRA on the project. The LAI will assist in all aspects of data coding and preparation for achieving in the statistical core. The assistant will assist in manuscript editing and proofreading.



Programmer/Analyst (20%). A scientific programmer experienced in graphics programming is currently being recruited to work with the Physicists on the implementation of data processing algorithms for functional MRI. The programming tasks required for this project include image unwarping and registration, averaging, and statistical analysis of multiple data sets. Although basic programs for these tasks are already in place, we anticipate that continuous modifications will be required during the performance of this research as the methods are refined.



Consultants

Neuropsych Consultant. Consultant I is an eminent clinical neuropsychologist with particular expertise in visuospatial processing. Consultant I will act as a consultant in issues related to clinical neuropsychology on the project.



Clinical Consultant. Consultant II is a neuropsychologist with expertise in lesion analysis techniques. She will continue to work on an ongoing project using the Damasio lesion tracing techniques to estimate and define lesion location and volume.



Child Language Consultant. Consultant III is a psycholinguist with particular interest in early language acquisition in the focal lesion population. Consultant III will have primary responsibility for the project examining the development of spatial locative prepositions.



Equipment

We have requested one Macintosh system for the UCSD site in the first year of the budget. The PowerPC is intended to support all of the stimulus generation, data storage, statistical analysis and manuscript generation functions for this project. The laser printer is necessary for stimulus production. In order to ensure uniformity of stimulus material across the drawing and perception tasks, stimulus materials must be computer generated and laser-printed. Our only alternative for stimulus generation would be to have the materials professionally printed which over the term of the grant would be more costly than the initial investment in the laser printer.

	Several of our analyses require that we have detailed records of behavior. This requires that we videotape all testing sessions. We have requested a small, lightweight, portable VHS camcorder for use during the testing session. We have also requested a video system to be set up as transcription stations. Transcription of videotapes makes heavy use of the VCR pause function and causes considerable wear on the heads of the machine. Most of our machines are 6-8 years old and need to be replaced. We are requesting a new vintage of videorecorders whose pause function uses a system for digitizing information, thus greatly reducing wear on the machines and extending their lives.

	We have also requested a SGI-02 system for performing fMRI data analysis. To date we have been working on a Pentium/Linux system. While this has been adequate for our basic needs to date, it is rapidly becoming outdated and soon we will lack interface capability with programs currently being developed by our collaborators at the MRI Center. The cost of the SGI system has dropped substantially in the past year or so. The R5000 S model (180MHz, 02, 2GB, 64MB system with a 20" monitor) will be adequate for our purposes (namebrand mentioned or equivalent will be purchased).



Travel

	We have requested three types of travel funds. The first is for semi-annual trips to New York @ $750/trip (2 x $750 = $1500). The purpose of those trips is to consult with the pediatric neurologist at the New York site and to oversee and review testing procedures (see below under New York University Medical Center Subcontract). The second is for travel to scholarly meetings @ $750/trip (2 x $750 = $1500). The third is for subject travel (for families in New York to travel to San Diego for fMRI testing). To deal with the issue of cross-site reliability, we have proposed to have the small population of New York children flown out to San Diego for fMRI testing instead of testing them in New York. This way the same protocols will be used in the same facility for testing of children from New York and San Diego.



Other Expenses

Subscriptions: We are requesting $500 for subscriptions to scientific journals such as a) Infant Behavior & Development, b) Child Development, c) Journal of Cognitive Neuroscience, d) Science, e) Neuroscience Reports, and f) Developmental Psychology.

Publications: We request $700 to pay for reprints and publication fees.

Telephone: Currently the project maintains one fax, one telephone for subject pools, and one telephone for research assistant. We are requesting $1000 funds to continue maintaining the two telephones and one fax to cover the basic telephone lines, local calls, and long distance tolls, mostly for communication with the subcontractor in New York.

Computer Maintenance: We are requesting $550 for computer maintenance costs.

Postage: We are requesting $500 funds for postage, which will be used for communication with the subcontractor in New York, to submit publications, and mailing materials to subjects.

Photocopying: $500 funds is requested to pay for xeroxing stimuli and publications.

MRI scans: For the functional imaging component of the San Diego Project, we have requested 27 scans per year at a cost of $500 per session. We anticipate scanning approximately 15 patients and 12 controls per year in the San Diego site.

Subject Payment: Subjects will be paid $15 per testing session. Subjects and parents in this longitudinal study are being asked to contribute considerable amounts of their time. The per-visit payment is a small compensation for the efforts expended, it also helps to encourage subjects to continue their participation in the project. The continuation of subjects over a period of years is crucial to success of the project. Compensating parents and children for their support has provided to be a useful way to encourage participation. Children participating in the fMRI study are paid $25 for their efforts.



New York University Medical Center Subcontract (Also SEE-NY Subcontract Budget Justification)

	The subcontract is intended to support the testing site in New York City. We have requested a half-time research assistant to maintain contact with parents, serve as a conduit for questions or problems that might arise, organize and update the neurological data and most importantly schedule and conduct the testing sessions. Although no data reduction or analyses will be conducted in New York, the assistant will be responsible for maintaining individual files for the New York subjects and for organizing and forwarding data to San Diego for analysis. The assistant will be supervised in New York by Dr. X, oversee and update procedures, and be available to the parents of our young subjects to answer questions and address any concerns that might arise.

	In addition to the request for a 50% time research assistant in the New York subcontract, we have asked for a small supply budget, funds for subject payment, a small percentage of a secretary to answer phones and take messages when the research assistant is not there, and a small percentage of support for Dr. X. We have also asked for portable video equipment and a portable Macintosh computer for the New York site. Both these items are essential for testing. The request for portable equipment will allow maximum flexibility enabling us to conduct home visits in those cases where parents find they cannot come to New York City for testing.
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