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Abstract

The acquisition of spatial language is often assumed to be built upon an early emerging

system of non-linguistic spatial knowledge.  We tested this relationship by examining spatial

language in children with Williams syndrome (WS), a rare genetic disorder that gives rise to severe

non-linguistic spatial deficits together with relatively spared language.  Twelve children with

Williams syndrome, twelve normally developing mental-age matched children, and twelve adults

described 80 videotaped motion events.  Children with Williams syndrome showed substantial

control over key linguistic components of the motion event, including appropriate semantic and

syntactic encoding of Figure and Ground objects, Manner of Motion, and Path.  The expression of

Path, while surprisingly spared, was more fragile among children with WS in contexts plausibly

related to their non-linguistic spatial deficit.  The results show strong preservation of the formal

aspects of spatial-linguistic knowledge and suggest that the non-linguistic spatial deficits shown by

children with Williams syndrome have, at most, limited effects on their spatial language. These

findings have implications for the relationship between spatial language and other aspects of spatial

cognition.
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One of our most fundamental capacities is the ability to talk about the objects and events

around us.  Even during early language learning, children take delight in commenting on objects

and their motions through space.  The privileged nature of the motion event in language learning

stems, no doubt, from the salience and interest that such events hold for young children.  But

equally important is the fact that languages are well-designed to capitalize on this salience, with

universal means of encoding objects, their motions, and the paths along which they move.  The early

emergence of such aspects of language has traditionally been viewed as evidence that language

builds on non-linguistic representations:  Because children can and do perceive and represent

objects, motions, and paths, they naturally tend to express these notions linguistically.  In fact, the

character of children’s spatial language has often been taken as a clue to the nature of their

underlying non-linguistic representation of space (Brown, 1973; Clark, 1973; Bowerman, 1996).

From this perspective, severe impairment in the child’s non-linguistic representation of

space would predict corresponding impairments in spatial language.   Must this necessarily be true?

In this paper, we address this question by examining the linguistic expression of motion events

among children with Williams syndrome—a rare genetic defect which results in severe spatial

deficits together with relatively spared language.  The striking difference in profile between the two

systems of knowledge—spatial cognition and language—raises the question of the extent to which

spatial deficits in Williams syndrome have impact on the acquisition of spatial language.   At the

extremes lie two possibilities:  Spatial language in children with Williams syndrome might show

severe deficits, like other aspects of their spatial cognition.   Alternatively, their spatial language

might be relatively spared, like other aspects of their language.  Between these extremes lies the

intriguing possibility that spatial language may be selectively impaired in ways that closely reflect

the nature of the non-linguistic spatial deficit.  In this case, examining spatial language in children

with WS should shed light on how non-linguistic representations of space support spatial language,

and what consequences for spatial language follow from a deficit in non-linguistic spatial

representations.  The results of such an investigation can, more generally, be brought to bear on

considerations of the relationships between spatial language and spatial cognition.
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Background and General Issues

Williams syndrome (WS) is a neurodevelopmental disorder caused by a hemizygous

microdeletion on the long arm of chromosome 7 (7q11.32).  The syndrome gives rise to a variety of

characteristics, including pathology of the heart and other internal organs, a characteristic facial

profile (often referred to as elfin facies), and mild to moderate mental retardation.  Of particular

interest to cognitive scientists, however, is the unusual cognitive profile typical of individuals with

WS:  They show severe spatial deficits accompanied by surprisingly spared language.  The unique

developmental profiles of space and language naturally suggest the possibility that the two systems

may be developmentally modular, emerging independent of each other (Bellugi, Bihrle, Neville,

Doherty, & Jernigan, 1992).

The spatial deficits of individuals with WS have been documented in a range of studies, but

the most widely cited evidence comes from tasks which require that people observe a spatial

configuration and then reconstruct it, either by drawing a copy of a pictured object or array, or by

putting together a set of blocks to duplicate an existing multi-block spatial design.  The spatial

performance of individuals with WS is typically far inferior to normally developing children of the

same chronological age (Bellugi et al. 1992;  Mervis. Morris, Bertrand,  & Robinson, 1999) and it

is even inferior to normally developing children of the same mental age (Hoffman, Landau, &

Pagani, 1998, 2000;  Mervis et al, 1999).  For example, Bellugi et al. reported that individuals with

WS performed in the bottom percentile of their age group in a standardized block construction task,

and Mervis et al. report the same.  Importantly, the performance of these individuals in these

construction tasks is qualitatively different from that shown by individuals with comparable

retardation of different etiology.  For example, when copying a multi-block design, children with

WS tend to duplicate the local elements at the expense of the global form, but children of the same

mental age with Down syndrome tend to do the reverse (Bellugi et al., 1992; see also Birhle,

Bellugi, Delis, & Marks, 1989).  The pattern of spatial deficit appears early in development, and

although there is some developmental growth in the ability to solve spatial construction tasks, the

severe deficit persists into adulthood (Mervis et al., 1999)
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In contrast to this impairment in the spatial domain, individuals with Williams syndrome

typically show language capabilities that meet or exceed expectations based on mental age.  The

relative advantage of linguistic over non-linguistic abilities appears quite early, within the first

several years (Mervis & Bertrand, 1999), and thereafter,  children with WS have language that is

surprisingly fluent, with rich modulation of tone and expression (Bellugi et al., 1992).  Despite this

strength, recent research indicates that language in individuals with WS may not be entirely intact.

For example, mastery of morphological rules and/or aspects of lexical learning may be impaired

(Karmiloff-Smith, Grant, Berthoud, Davies, Howlin, & Udwin, 1997;  Clahsen & Almazan-

Hamilton, 1999) and the semantics underlying certain lexical items in individuals with WS may not

be as conceptually rich as normally developing children (Johnson & Carey, 1999).  Nevertheless,

vocabulary measures show performance generally above overall mental age (Bellugi et al., 1992)

and—to the casual ear—the children’s spontaneous vocabulary and overall language skills are

strong (Bellugi, Wang, & Jernigan, 1994).  It is safe to say that the contrast between their profound

spatial deficit and their relatively spared language is striking.

What do these profiles predict for the acquisition of spatial language?  Because spatial

language sits at the intersection of spatial cognition and language, it affords us an unusual

opportunity to understand the degree to which the two systems of knowledge emerge independently

and/or interact with each other.  In particular, it can help us to understand what aspects of spatial

cognition might be crucial support for the acquisition of spatial language.  At one extreme, if spatial

language in WS is severely compromised, the details of its breakdown could provide insight about

which aspects of spatial cognition are impaired.  At the other extreme, if spatial language in WS is

completely preserved, the details regarding preserved structure would provide insight about what

aspects of spatial cognition might be intact.  Each of these broad possibilities raises further

questions.  If spatial language is selectively impaired, does the nature of the impairment closely

reflect the nature of the non-linguistic spatial impairment?  What do the selectively preserved

aspects of spatial language suggest about mechanisms of acquisition?



6

 In order to test these broad possibilities, we examined the language produced by children

with WS when they were asked to describe on-going motion events.  The motion events depicted a

wide range of objects undergoing a variety of motions and moving along a variety of paths (see

Materials for details).  Motion events are of particular interest because languages universally encode

them in terms of a small but specific set of components, which can plausibly be viewed as

corresponding to the non-linguistic components  which guide our perception and understanding of

such events.  The question arises whether children with WS can represent these components, and

whether they can correctly encode them using language in order to describe the entire motion event.

Spatial cognition and the linguistic encoding of the motion event

In an influential analysis, Talmy (1975) showed that the linguistic expression of motion

events is universally encoded by a small set of key components, which are then assembled

somewhat differently in different languages.  Many linguists have suggested that these components

may be reflections of the non-linguistic representation of events (Fillmore, 1975/1997; Gruber,

1976; Jackendoff, 1983; Langacker, 1987;  Pustejovsky, 1991; Talmy, 1975).

The linguistic components represent the objects participating in the event, the types of

motions that they undergo, and the paths along which the objects travel.  Talmy uses the following

example in English:

The bottle floated into the cave.

Figure Object Motion + Manner Path Ground Object

In Talmy’s terms, the Figure object is that which normally undergoes motion, and in

English, this is typically encoded as a noun phrase, in this case “the bottle”. The Motion is

represented by the verb in English, which may represent a simple motion such as “come”, “go”,

or “move”, but may also include a semantic element encoding the “manner of motion”, in this

case, resulting in the Motion + Manner verb “float”.   The Path along which the Figure object

moves is usually encoded in English by a spatial preposition, as “into” in the example, and this is

often combined with the Ground object, encoded in English as a noun phrase (in this case, “the

cave”).  Thus, the basic pattern in English encodes the Figure and Ground objects, manner of
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motion, and path in separate terms, yielding what Talmy calls a “satellite” language—one in which

the Path term is encoded separately from the Motion.

Although all languages encode the same set of components, they vary in how these

components are packaged.  For example, English possesses many Manner of Motion verbs, often

packaging Manner together with Motion and expressing Path separately.  In contrast, French and

Spanish tend to package Path together with Motion (resulting in numerous verbs such as “exit” or

“descend” which are relatively rare in English), and encode the Manner in a separate form, such as

the adverb (e.g. La bottella entra en la cueva flotando / The bottle moved-into the cave floating.)

How might the linguistic expression of the motion event be affected by the spatial deficit

characteristic of individuals with Williams syndrome?  Each component of the motion event might

be affected somewhat differently, because each encodes a different spatial element, and because

these elements differ somewhat in their linguistic requirements.  This means that  different patterns

of preservation and/or sparing might follow from deficits in spatial cognition vs. deficits in

knowledge of language.  We therefore consider the components separately, describing the

requirements for appropriate conceptual/spatial and linguistic use of each.  These are summarized in

Table 1.

Figure and Ground Objects    These require representation of the objects involved, their

respective semantic/thematic roles in the event (i.e. Figure or Ground object), and correct

assignment of each to its syntactic position.  Figure and Ground objects are typically encoded in

simple English sentences as subject of the sentence and object of the preposition, respectively.

The existing evidence on object representation in Williams syndrome is meager.  However,

the early emergence of object terms among children with WS does not appear to be seriously

impaired (Mervis & Bertrand, 1999; Stevens & Karmiloff-Smith, 1997), and current experimental

evidence suggests no severe impairment in the object recognition system (see also, Wang, Doherty,

Rourke, & Bellugi, 1995;  Hoffman & Landau, 2000).  Furthermore, the early vocabulary of

children with WS is comprehensive enough that one would not expect profound deficits in naming

common objects.  Beyond this, however, children with WS may or may not be able to understand
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the spatial /thematic roles of the Figure and Ground, respectively.  If they have difficulties in

understanding these roles, and/or difficulty in mapping these roles into language, they might show

problems in assigning the corresponding nouns to their semantic roles, and to their proper syntactic

positions.  For example, correct assignment of Figure “the bottle” and Ground “the cave” to

theme/ sentential subject and goal/ object of the preposition, respectively, requires accurate

perception of which object serves each role (Figure/ theme; Ground/ goal) and how these are

encoded syntactically.  It is possible, therefore, that the children might name the objects correctly,

but show errors in assigning the nouns to their proper thematic roles and syntactic  positions.

Motion and Manner of Motion   These require that the child accurately perceive the motion

that an object undergoes, and encode it in the verb.  To our knowledge, there is currently no

evidence on knowledge of motion verbs among children with WS.  However, there is some evidence

regarding motion perception.  In one study, individuals with WS were found to have abnormal

motion perception, specifically showing raised thresholds for the detection of motion (Atkinson,

King, Braddick, Nokes, Anker, & Braddick, 1997).  In a different study, children with WS were

found to have preserved perception of biological motion, showing the capacity to judge the direction

of motion under a variety of noise conditions (Jordan, Reiss, Hoffman, & Landau, 2000).  Neither

study permits a straightforward prediction for whether children with WS should experience

difficulty with the motion component of motion events, because the stimuli and task requirements

in studies of motion perception differ considerably from those in language tasks.  What we can say,

however, is that if children with WS have significant deficits in motion perception, this could result

in difficulties naming specific motions, some of which require perception of direction (e.g. come vs.

go/ jump vs. fall).  Furthermore, the encoding of specific manners of motion could be affected,

since this requires perception of particular manners and encoding by the proper Manner-of-Motion

verb.  It is possible, therefore, that  children withWS might show impairment in the ability to use

motion verbs appropriately, especially specific Manner-of-Motion verbs.

Path  Paths play a major role in the linguistic encoding of motion events (Jackendoff, 1983).

In English, verbs of motion typically can accept a Path expression, although this is not obligatory.
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For example, verbs such as roll, spin, fly, walk, move, are grammatical with or without an

accompanying specification of the Path (e.g. both “John flew” and “John flew to the moon” are

grammatical).  If the path is expressed, this is accomplished using a “path-function” term that

encodes the path itself, and in English, this is usually a spatial preposition.  Some prepositions are

intransitive, that is, they do not require that a Ground object be specified (e.g. both “John went up/

down” and “John went up/ down the street” are grammatical); others are transitive, requiring the

presence of a noun phrase expressing the Ground object for grammaticality (, e.g."John went into

the house" is grammatical whereas *"John went into" is not). Thus, the structure of Path

expressions requires accurately perceiving the path, linguistically encoding it, and, in some cases,

also encoding the Ground object, which must be placed in its proper syntactic position as object of

the preposition.

Path expressions show further complexity, as they can be divided into three broad types

which code different kinds of spatial relationships (Jackendoff, 19831; see Figure 1).  In TO-paths,

the Ground object is the goal, lying at the end of the path, e.g. John ran to the house. In contrast, in

FROM-paths, the Ground object is the source, lying at the beginning of the path, e.g. John ran from

the house.  Both of these are Bounded Paths (i.e. they have definite origins or endpoints) and each

can be encoded using a variety of prepositions (e.g. on, to, in, into all encode TO paths and off,

away/from, out all encode FROM paths).  In the third broad type, VIA Paths, the Ground object lies

somewhere along the path, but not at its beginning or end, e.g. John went by the house).  VIA paths

can be encoded by terms such as by, along, through, or over.  Thus, properly encoding the Path

requires perceiving and representing the particular type of path (Bounded TO, FROM, or VIA),

each of which specifies a different spatial role for the Ground object. This representation of the

Path must be used to select an appropriate spatial preposition.

A final complexity of Path expressions stems from the conceptual constraints that some

prepositions place on their accompanying Ground objects (Herskovits, 1986; Jackendoff, 1983;

Landau & Jackendoff, 1993; Talmy, 1983).  We have already observed that encoding the Ground

object requires representing the particular kind of object as a noun phrase which is object of the
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preposition.  In addition, however, the meanings of some prepositions restrict the type of Ground

object they can accept.  Violations of these restrictions lead to oddities of expression in some cases,

and, in other cases, to downright inaccuracies.   Several prominent examples include the

prepositions in(to), out (of), on(to), and off(of) (see Figure 2).  The first two terms are restricted to

geometric types that, in some abstract sense, function like “containers”:  Because the semantics of

in and out refer, respectively, to the interior and exterior regions of “containers”, these prepositions

can only occur with “container-type” Ground objects.  Paths that lead from the inside to the

outside of a container (or vice versa) must encode this “container-ness” by using into (or out of)

rather than onto (or off of). For example, given a bug that jumps from a table to the inside of a

coffee cup, one can sensibly say “The bug jumped into the coffee cup” but not “onto” the coffee

cup. Similarly, because the semantics of on and off refer to the external surface and exterior region

of “surfaces”, respectively, these prepositions can only occur with “surface-type” objects.  Given

a bug that flies from a table to the external surface of a cup, one can say “The bug jumped onto the

cup” but not into the cup.

Properly encoding the Path therefore requires perceiving and representing the Path type,

selecting an appropriate path term, matching this path term to an appropriate Ground object, and

placing them in an appropriately structured prepositional phrase.  Although, to our knowledge,

nothing is currently known about the linguistic encoding of Paths by children with WS, it seems

possible that this element of the motion event would be quite vulnerable to the effects of their non-

linguistic spatial deficit.  Because Paths encode spatial relationships over time, and because the

linguistic expression of Paths incorporates such rich spatial information, it seems quite possible that

children with WS could show impairment in encoding different types of Path, selecting appropriate

prepositions, and/or observing the selection restrictions that prepositions impose on their Ground

objects.

In sum, the motion event encodes rich spatial information including the Figure object, its

Motion and Manner-of-Motion, and the Path along which it travels with respect to a Ground object.

Each of these components requires selection of an appropriate semantic element and placement of
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this element in the appropriate syntactic position.  Spatial language in children with WS might be

impaired overall, or impaired selectively, reflecting breakdown in particular aspects of spatial

representation.  Conversely, spatial language in these children might  be spared, either overall or

selectively.  In either case, the character of spatial language in WS is bound to shed light on which

aspects of spatial representation are vulnerable and which are robust when they co-exist with a

severely impaired system of non-linguistic spatial representation.

In order to examine these issues, we elicited descriptions of simple motion events from

children with Williams syndrome, and compared their performance to that of normally developing

children matched for mental age, as well as normal adults.  The question was what pattern of

sparing and deficit would be shown in this rich domain of spatial language.

Participants Twelve children with Williams syndrome (M age 9; 7, range 7;0-14;0)

participated, as well as twelve normally developing children who served as mental age matches (M

age 5;0, range 3;6- 6;9).  Twelve undergraduates also participated, in order to provide a ceiling

against which the children’s data could be compared.  All groups were roughly balanced for

gender.  The children were given the Kaufman Brief Intelligence Test (KBIT, Kaufman &

Kaufman, 1990), which yields an overall IQ score as well as scores for two components, Verbal and

Matrices. The Verbal component requires the child to name a series of objects portrayed by black

and white line drawings. The Matrices component taps conceptual abilities, requiring judgements of

which objects "go together" in pairs or form complete sets; but there are very few items that require

spatial representation.  Using this measure, the children with WS are not penalized for their spatial

deficit, and therefore their scores represent a fair measure of non-verbal (but non-spatial)

intelligence.  The children with WS were individually matched to controls, resulting in excellent

matching for the component scores (M Verbal scores = 30.2 and 30.6,  S.E.s = 2.2, 1.9, ranges =

18-46, and 21-39, respectively; M Matrices scores = 17.3, 17.6, S.E.s = 1.3, 1.1, ranges = 10-24,

13-21, respectively). The corresponding composite IQ scores were M= 77.3 (S.E.= 2.8, range 61-

92) and 116.7 (S.E.= 2.8, range 102-139), respectively.  The scores of the children with WS are

similar to other groups studied by other researchers (see, e.g. Mervis et al., 1999).
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On a variety of measures, the children with WS were severely impaired in their non-

linguistic spatial capacity, as would be expected.  For example, their drawings of simple figures

revealed the lack of spatial organization that is characteristic of people with Williams syndrome (see

Hoffman & Landau, 2000, for examples).  As part of a larger research program, the children were

tested on the Pattern Construction sub-test of the Differential Abilities Scale (Elliot, 1990). This

requires the child to reconstruct a complex design composed of individual blocks, and is widely

regarded as a hallmark task for diagnosing the spatial deficit in WS.  Nine of the children with WS

scored in the 1st percentile for their age, and the remaining three performed at the 4th, 8th, and 10th

percentiles; the Mean age equivalent for the group was 4 years, 2 months.  These scores are similar

to those reported in other studies of individuals with WS (Bellugi et al., 1992; Mervis et al., 1999),

and indicate severely impaired spatial cognition.  At the time of the present study, only four of the

normally developing controls were tested on the Pattern Construction test.  They scored in the 60th

percentile for their age (S.E.=15.8), with a Mean age equivalent of 6 years, 11 months.  These

scores are similar to those of our larger sample of normally developing controls (N=9), who are

also matched for mental age to the same children with WS, but are participating in other studies of

spatial cognition in our lab.  These children scored in the 51st percentile for their age (S.E.= 7.6),

with a Mean age equivalent of 6 years.

The children with Williams syndrome were recruited with the assistance of the National

Williams syndrome Association and the A.I. DuPont Hospital for Children.  They all lived within a

2-1/2 hour travel range of the University of Delaware.  Normally developing control children were

recruited from parent groups and preschools local to the University of Delaware. Undergraduates

were students at the University of Delaware who participated for class credit.

Design, Materials and Procedure   Each participant viewed a set of 80 brief (5-second)

animated videoclips, one at a time, and described the simple motion events that occured in them.

This yielded a corpus of 2880 sentences  which formed the basis for all analyses.  The stimulus

battery, the Verbs of Motion Production Test, was created and used by Supalla and Newport to

evaluate mastery of the morphology of motion verbs in American Sign Language (ASL; Supalla,
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1982; Newport, 1990; Singleton & Newport, in press). The motion events were designed to elicit

contrasts relevant in ASL, and many of these contrasts are also encoded in English, as discussed

below; hence the battery was appropriate for use with English speakers.  There was a broad range

of motion events, which elicited a broad range of object, motion, and path terms in English (see

Appendix A for complete list of events).

Participants were told that they were going to watch some short movies, and that after each

one, they would be asked to tell the experimenter “what happened”.  Our goal was to elicit

sentences that included as many of the relevant components of the motion event as possible (Figure,

Ground, Motion and Manner, Path).  In order to maximize performance, and following Newport

(1990), practice trials were given prior to showing the test events.  The experimenter praised the

sentences produced in these trials, and, if necessary, encouraged more detail.  For example, one

practice event showed a chicken jumping off of a fence.  If a child said “It’s a chicken”, then the

experimenter would say “Right—and what happened?”. Participants then generally produced more

complete descriptions.  Before moving to the next practice trials, the experimenter said,

“Good—that’s right, the chicken jumped off of the fence.  Say it nice and complete, like that.”

Five practice trials were given just before the beginning of the task.  During the test, children

occasionally commented only on the existence of the Figure object; in these cases, they were

prompted for more complete sentences as during the practice trials.  Test sessions were videotaped,

and all of the responses were later transcribed for analysis.

The 80 events in the battery vary in the participating objects, the motions they undergo, and

the paths along which they move. The objects include toy people, animals, vehicles, and common

everyday objects.  Forty of the scenes involve just a single moving object (the Figure object, which

moves against an unmarked background), and the other 40 involve both a moving Figure object and

a stationary Ground object.  The events differ in Manner of Motion (e.g. rolling, flying, falling,

jumping) and Path type.  For the 40 events including a Ground object, Path type was determined by

inspecting the videotaped event to ascertain the role of the Ground object.  Of the 40 events, 12

involved Bounded TO Paths, 16 involved Bounded FROM Paths, and 12 involved VIA Paths.  The
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Paths were executed in a variety of ways, including along a straight line, with a turn, or zigzagging.

The categorization of Path types was confirmed by later analysis of the Path terms that were used

by adults to describe each event.  Path terms used by adults conformed perfectly to the initial

categorizations of Path type.

Results   

The transcribed sentences were analyzed for quantitative and qualitative differences among

the participant groups in the expression of the central components of the motion event.  Participants

in all three groups produced coherent, grammatical sentences and syntactically well-formed

sentence fragments.

Figure Objects

 Both quantitatively and qualitatively, the encoding of Figure objects was remarkably similar

across the adults, normally developing children, and  children with WS.  Quantitatively, participants

encoded the Figure object for almost every event (1% omission among children with WS, 2%

among control children), and the Figure was almost always encoded as subject noun phrase in full

grammatical sentences. Of the 960 descriptions produced by each group (80 events x 12

participants), 480 involved a Ground object; of these, there were only 3 instances of reversal in

syntactic assignment between Figure and Ground object, all produced by two children with WS.

Among all participants, the preferred means for encoding the Figure was to use a specific noun.

Across the 80 events, adults used a specific noun to name the Figure object 97% of the time (S.E.=

0.9), with the remaining 3% accounted for by more general noun phrases (e.g. “the thing”).  The

WS children used specific nouns 85% of the time (S.E.= 5.5), general noun phrases 5% of the

time, and pronouns 6% of the time. The corresponding percentages for control children were 88%

(S.E.= 2.9), 4%, and 6%.

The qualitative nature of the specific nouns used was also quite similar across the participant

groups, reflecting considerable consensus in what the objects were and what they should be called.

In order to quanitfy this, the modal adult response was listed for each of the events, and the

children’s responses were analyzed in terms of percent that matched these adult-produced nouns.
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Across the 80 events, there were four different categories of Figure object:  People, Animals,

Vehicles, and Other types of object (Ns= 8, 9, 17, 46, respectively).  Across all categories, the adult

modal responses accounted for 95% of their data;  children with WS matched these 67% of the

time (S.E.= 2.8), and control children 72% of the time (S.E.= 2.8).  The remaining responses were

semantically plausible alternatives to the modal adult responses.  All Figure objects produced by the

children were evaluated for semantic anomaly by two independent coders, blind to participant

group.  Semantic anomalies were defined as terms that incorrectly named the Figure in the context

of each event, and only items scored as anomalies by both coders were further considered.  Out of

the 960 descriptions produced by each group, anomalous Figure objects were produced less than

1% of the time in either group.

The percent of children’s matches to the adult modal term for each category of Figure

object were entered into a 2 (Group) x 4 (Category of Figure object) analysis of variance, resulting

in a main effect of Figure object Category (F 3, 66= 9.07, p<.01) and an interaction between Group

and Figure Category (F 3, 66= 3.13, p<.05).  The control children matched the adult responses

more frequently than did the children with WS on all Figure types except People, where the reverse

was true; but none of the pairwise comparisons between controls and  children with WS reached

significance (Tukey’s HSD= 21, critical p= .05 in this and all further comparisons). In sum, Figure

objects were encoded at ceiling levels by all groups, and responses were syntactically well-formed

and semantically coherent.

Ground objects

 Across the 40 events in which a specific Ground object was present, adults produced a

pertinent term 99% of the time; these were almost always as object of the preposition.  Of these,

93% were specific nouns (S.E.= 1.5) and 4% were general noun phrases.  Thus, for adults, the

Ground object was considered to be an obligatory element of their descriptions. In contrast, both

groups of children omitted the Ground object relatively frequently, with controls omitting  it

approximately12% of the time and WS children 26% of the time (S.E.s= 2.0, 3.5), a difference

considered at more length below.  When they included the Ground object,  control children
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produced specific nouns 77% of the time (S.E.= 4.4), and general noun phrases 6% of the time;

children with WS produced specific nouns 60% of the time (S.E.= 6.5), and general noun phrases

4% of the time.  The remaining responses fell into the following categories.  Ground objects were

coded by pronouns 1% of the time (each group of children) and were supplied by the experimenter

1% of the time (WS only).  The remaining 4% of the controls and 8% of the responses from WS

children were somewhat ambiguous with respect to whether they coded the Ground object, as they

appeared to code it implicitly by using impact verbs such as crash (whose semantics assumes  a

goal, 1.4% controls, 3% WS), or specific Path terms such as off or out  for events where the

Ground object was a surface or container, respectively (thus suggesting a specific kind of Ground,

2.6% controls, 5% WS).  Two different sets of analyses were conducted, one including and one

excluding these ambiguous items in the category of "Omissions".  The results did not differ.

Therefore, the results reported below used the more conservative estimate of Omissions, i.e. without

these ambiguous items.

Considering the children’s specific nouns against the adults’ modally produced Ground

objects for each event, control children matched the adult choices 62% of the time (S.E.= 3.0), and

children with WS matched 68% of the time (S.E.= 2.9).  The rest of the nouns were plausible

alternatives to the adult choice.  Using the same criteria as for semantic anomaly as for Figure

objects, anomalous Ground objects were produced less than 1% of the time by either group of

children.

Inspection of the contexts of the Ground object omissions revealed that certain types of

events— specifically, those involving certain types of Paths—were especially vulnerable (see Table

2).  Recall that there were 12 Bounded TO Paths, 16 Bounded FROM Paths, and 12 VIA paths.  A

2 (Group) x 3 (Path type) analysis of variance was conducted on the percent of omissions made by

children over different Path types. The results showed a main effect of Group, F 1, 22= 5.5, p<.05

and Path type, F 2, 44= 8.9, p<.01, and an interaction between the two, F 4, 44= 4.6, p=.01.

Children with WS omitted more Ground objects overall than control children.  Moreover, the

omissions by the children with WS were reliably related to Path type.  Post-hoc comparisons
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revealed no reliable differences across Path type for the control children, but the children with WS

omitted reliably more Ground objects in events with FROM Paths than events with either TO or

VIA Paths (critical difference= 13). We return to this fact when we discuss the results for Path

terms.

Motions

As with the naming of Figure and Ground objects, there are many options for naming the

motion:  Each could be encoded using a simple motion verb such as go or move; most could also be

encoded using more specific verbs that express Manner of Motion, such as jump or fly.  Some of

the events could be plausibly described without using a motion verb at all.  Nevertheless, all groups

of participants encoded most events using Motion verbs (Adults 92%; Control children 89%; WS

children 89%, S.E.s= 1.4, 1.7, 1.7, respectively), and these were produced in syntactically correct

contexts.  The remaining non-motion verbs will not be considered further in any analyses.

A first analysis was conducted to determine whether, across all 80 scenes, there were

quantitative differences across the groups in the use of simple verbs of motion, compared to more

specific ones.  All verbs were classified as Simple (including the verbs go, come, move) or Specific

(including all remaining verbs, most of which were Manner of Motion). Adults used Specific

Motion verbs 72% of the time, while controls did so 64% of the time, and children with WS 57% of

the time (S.E.s= 2.5, 3.0, 5.4, respectively).  An analysis of variance was conducted on the

proportion of Specific Motion verbs used by different participant groups.  There was a reliable

effect of Group, F 2, 33= 3.5, p<.05; post-hoc tests showed a reliable difference only between

Adults and children with WS (critical difference = 13.4). Thus children with WS used fewer

Specific Motion verbs than adults, but were not reliably different from their mental age matches.

Remarkably, the specific verbs used by the participants were very similar.  Table 3 shows

the 12 most frequent Specific verbs of motion and their relative frequency.   The top 7 verbs—all

Manner-of-Motion verbs—were identical and are ranked identically across the three groups. These

verbs account for approximately 71% of the uses of Adults and WS children, and 78% of the

control children’s uses (S.E.s= 3.2, 2.8, 2.5, respectively). The remaining verbs include additional
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Manner-of-Motion verbs and Path verbs (e.g. turn, zigzag), and bring the total up to roughly 84%

for Adults, 86% for control children and 88% for children with WS (S.E.s= 2.2, 2.2, 2.5,

respectively). Verbs were coded for semantic anomaly, as with Figure and Ground objects.  Control

children produced anomalous verbs 1% of the time, and children with WS did so 3% of the time.

Given the inherent ambiguity of any motion event, we find it remarkable that the three

groups of participants converged so closely on their choice of motion verbs to describe the main

motion.  Although the children with WS did use simple verbs of motion reliably more often than

adults, the absolute difference was not large.

Paths

The three groups of participants produced broad corpora of Path terms, which overlapped

each other considerably.  The complete corpus produced over the 80 events by each group is shown

in Table 4.  The high degree of overlap indicates that the bulk of the Path terms available to adults

are also part of the vocabulary of both children with WS and their mental-age matches.  However,

there were differences across groups in both the tendency to encode Path for different kinds of

events, and in the qualitative nature of the Path terms used.

In order to quantify these differences, Path terms were coded in terms of four categories:

Correct terms, Incorrect terms, Ambiguous Intransitives (terms over, around, , away, and

back/backwards  when used intransitively) and Omissions.  Correct terms were those that were

acceptable descriptions of the Path in adult usage.  These included terms that were the same as the

term used modally by the adults as well as other terms that accurately represented the path, though

not with the modal adult term.  Incorrect terms were those that were not accurate representations of

the path (e.g. “jumped over” to express the motion of a cup “jumping” onto a frog’s head).

Ambiguous intransitives were included as a separate category because the children sometimes used

these terms in a fashion that made it unclear whether they were encoding a distinct path , e.g. “He

flew over” or “It hopped around”.  Omissions were responses which included no Path term at all.

Coding of all responses was done by the second author.  In addition,  20% of the corpus of



19

sentences coded as “other Correct” or “Incorrect” (i.e., those that required a subjective judgment

for coding) were also coded by the first author to compute reliability, which was above 90%.

Initial inspection of the Path terms revealed that events portraying motion of a Figure object

alone (N=40) elicited a very different pattern among both adults and children compared to Figure-

Ground events (N=40).  In particular, the Figure-only events tended to elicit a very broad range of

Path terms.  This is understandable: Because there is no specific Ground object, speakers have free

choice as to whether they describe the path as moving TO some point, or moving FROM some

point.  This means that, for these events, a wide variety of Path terms could be used sensibly, e.g. X

moved FROM the left; X moved TO the right; X moved ACROSS the screen.  In contrast, the

Figure-Ground object events tended to elicit a much more constrained range of Path terms which

varied systematically across the different Path types (TO, FROM, VIA).  Therefore, the Figure-only

events were analyzed separately from the Figure-Ground events.

Figure-Only Events

Table 5 presents the results for 34 of the 40 Figure-only events.  These portrayed an object

moving either across the ground (grass, floor, etc.), through the air, or up/down a hill.  The

remaining 6 events portrayed a single object falling over, and all groups of participants described

this correctly with either “fall over/down” or "fall" (Adults, 86%, 14%, S.E.s= 7.1, 7.1; control

children, 69%, 31%, S.E.s= 11.8, 11.8; children with WS 57%, 33%, S.E.s= 9.7, 8.9). For the 34

events summarized in Table 5, adults encoded the Path roughly 87% of the time (S.E.= 3.8),

including the background as Ground object,  saying,, e.g. “The bunny hopped downhill” or “The

knife moved across the screen”.  In contrast, both controls and children with WS tended to omit

mention of the Path in these events, producing a Path term only 37% and 38% of the time (S.E.s=

7.6, 4.9), respectively.  Note that describing these events without a Path term is perfectly

grammatical, as when one reports only the Manner-of-Motion of the Figure object (e.g. “The

bunny was hopping” or “The knife moved”).

The children’s uses of Path terms were often Correct (25.2% controls, 15.9% WS over all

40 events), with modest proportions of Incorrect terms (3.6% controls, 7.3% WS) and Ambiguous
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Intransitives (8.4%, 14.3%, respectively).  Adults’ modal term for these events was across (52% of

all terms used, S.E.= 7.9).  The most frequently produced term for control children was up or up

and down (32%, S.E.= 5.1). The modal term for the children with WS was over (24%, S.E.=8.8),

one of the Ambiguous Intransitives (e.g. “The knife went over” to describe a knife moving along

the ground).  The percents of the children’s responses were entered into a 2 (Group) x 2 (Response

type: Correct vs. Incorrect and Ambiguous Intransitive) analysis of variance, which showed no

reliable main effects, F 1, 22= 1.1, ns. or interactions, F 1, 22=2.4, p=.13. Thus although the

children with WS produced fewer Correct responses than controls, the difference was not reliable.

 In sum, for events portraying the Figure object moving alone with respect to a background,

children in both groups omitted the Path term frequently, but their remaining responses were

roughly comparable.

Figure and Ground Object Events

These events elicited a constrained set of Path terms among all participant groups, and the

terms corresponded quite well to the three Path types that were portrayed:  Bounded TO, Bounded

FROM, and VIA.  The top five terms produced by the different participant groups for each of these

event types are shown in Table 6.

 Inspection of the table reveals several notable facts.  First, the Path terms were well-suited

to the nature of the Path portrayed in the videos, suggesting that all participant groups generally

organized their corpus of Path words in terms of these distinct Path types.  Second, there was

considerable overlap across participant groups in the Path terms produced for events corresponding

to the different Path types. Nevertheless, there were also several apparent differences.

 For Bounded TO paths, participants in all three groups used terms describing motion to a

surface (on/ onto/ on top of), to a container (in/ into) and to a point (to/ up to).  There were no

violations of the semantic restrictions for the two sets of terms; that is, no uses of in to describe

motion to a surface or on for motion to a container.  In addition to these terms, adults alone used the

term towards (indicating motion that is not bounded),  control children alone used backwards (to

describe the orientation of the Figure as it approached the Ground) and children  with WS alone
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used over.  The latter was produced frequently as the sole Path term by WS children (13.1% of the

total terms in TO paths, W.S.=5.9).  Checking the entire corpus for the Bounded TO Paths, this

term was never produced as the sole Path term by either the control children or adults, who only

used the term occasionally in combination with to or towards, yielding TO-path  compount

expressions over to/ over towards (3.9%, 1.1% for adults and controls, respectively).  A number of

the WS children’s uses of over were semantically anomalous, for example, describing a tree moving

onto the top surface of a block with “The tree jumped over the block” or a cup moving onto a

frog’s head as “The cup went over the frog”.  Such errors may arise from children’s use of the

term over to represent the static final location of the Figure (“over” the block or frog’s head),

comparable to above or on.

For Bounded FROM paths, participants in all groups used terms describing motion from a

surface (off), container (out), and point (away from/ from).  There were no violations of the

semantic restrictions for these terms (e.g. using off for containers or out for surfaces).  Control

children and children with WS also used a simple directional term (down) to describe downward

motion away from the Ground object.  The term over was again used frequently by children with

WS (17.7% of terms in FROM paths, S.E.=5.1) and occasionally by control children (5.3%, S.E.=

2.5).  WS children sometimes used it as a general directional term (e.g. “The lady went over”) and

other times in anomalous fashion, e.g. “The block jumped over the other block” to describe one

brick “jumping” down off of another. Several control children also used it in this way.

For VIA paths, participants in all groups used over, through, around, and past to describe

motion with respect to the Ground object.  The only obvious difference in distribution of the terms

was the very high frequency of use of over by children with WS, and relatively low use of through.

Many of the WS children’s uses of over occurred in contexts in which the control children and

adults used through—cases where one object threaded itself through a tube-like Ground object.

In sum, the top choices of Path terms were organized similarly across the three groups,

suggesting generally appropriate choice of terms for different Path types among both controls and

children with WS.  However, there were also several indications that the children with WS used
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certain Path terms—in particular, over—in contexts that resulted in semantically anomalous

encoding of the Path.

These patterns were quantified by coding all descriptions in terms of Correct, Incorrect,

Ambiguous Intransitives, and Omissions.  The data are presented in Table 7 by Path Type

(Bounded TO, FROM, and VIA).  A first analysis was conducted on the percent of correct

responses by the children (Ms= 78%, 56% for the controls and children with WS, respectively).  A

2 (Group) x 3 (Path Type) analysis of variance revealed reliable main effects of Group, F 1, 22=

10.9, p<.05 and Path Type, F 2, 44= 3.73, p<.05.  Control children produced reliably more correct

terms than children with WS over all Path Types, and across groups, reliably more correct terms

were produced for the Bounded TO Paths than for either the Bounded FROM or VIA paths

(Tukey’s HSD= 10.2).  Planned comparisons revealed that the controls did not differ in the

proportion of correct terms across the three Path Types (all ts < 2.0, dfs=44, ns).  However, the

children with WS produced reliably more correct terms for Bounded TO paths than for either

Bounded FROM or VIA paths (ts= 2.4, 3.17, respectively; dfs=44, p<.05). Moreover, control

children produced reliably more correct terms than children with WS for every Path type (all ts>

2.0, dfs= 44, p<.05). A second analysis considered the proportions of these Correct terms that also

matched the modal term produced by adults for each event, and this revealed the same effects.2

The remaining categories include Incorrect Path terms, Ambiguous Intransitives (over,

around, away, and back/backwards) and Omissions.  Incorrect Path terms by themselves indicate an

error in linguistic encoding of the Path type portrayed.  A 2 (Group) x 3 (Path Type) analysis of

variance on these data revealed only a marginal effect of Group, F 1, 22= 3.6, p=.07; children with

WS produced more errors.  Both of the remaining categories reflect the child’s tendency not to

code a specific Path:  Omissions are cases where no specific Path has been encoded, and

Ambiguous Intransitives are Path terms that do not clearly express a particular path.  These two

categories were collapsed, and the data were entered into a 2 (Group) x 3 (Path Type) analysis of

variance, resulting in a main effect of Group, F 1, 22= 4.3, p<.05, of Path Type, F 2, 44= 2.99,

p=.06, and an interaction of the two, F 2, 44= 2.96, p=.06. Children with WS produced more of
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these responses than control children, and VIA paths elicited more of this response type than

Bounded TO paths (Tukey’s HSD= 8.5).  Planned comparisons were used to examine the

interaction of Group and Path Type.  Controls showed no reliable differences in these responses

over the three different path types, whereas children with WS showed reliably more of these

responses for Bounded FROM and VIA events than Bounded TO events, ts= 2.43, 3.25, dfs= 44,

p<.05.

To summarize, the children with WS tended to produce fewer correct terms than control

children and more combined Omissions and Ambiguous Intransitives than controls.  Both of these

patterns interacted with Path type:  The children with WS performed better when describing

Bounded TO Paths than either Bounded FROM or VIA Paths, whereas the control children showed

no such effects.  This effect of Path type is reminiscent of the pattern seen for Ground objects:

There, children with WS omitted reliably more Ground objects than controls, but their omissions

were less frequent for Bounded TO paths than Bounded FROM paths, with VIA paths falling in

between the two other Path types.

Discussion

The evidence shows that children with Williams syndrome control much of the linguistic

structure required for expressing motion events.  When considering the rich requirements for

producing semantically coherent descriptions of such events, we find it remarkable that such

competence can be found in the context of profoundly impaired non-linguistic spatial cognition.

However, the children also show some clear limitations in their linguistic encoding of the motion

event.  We speculate that these limitations are tied to their non-linguistic spatial deficit, and reflect

the difficulty of representing spatial information about motion events over time.  This combination

of strengths and limitation can shed light on the interaction of spatial language with non-linguistic

spatial cognition:  Although the children with WS have semantic and syntactic knowledge of the

components of the motion event, they cannot always use this knowledge to describe visually

perceived events.
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Preservation of spatial-linguistic structure was observed in several domains.  First, the

encoding of Figure and Ground objects as named object kinds was preserved, as was the

representation of their spatial roles, seen through their syntactic encoding as subject and object of

the preposition, respectively.  Across the 480 descriptions of events involving both Figure and

Ground objects, the children produced only three syntactic reversals of Figure and Ground objects.

Thus the object kinds represented by the Figure and Ground, the basic spatial roles played by the

two objects, and their mapping onto syntactic position all appear to be intact.  The accurate naming

of the objects by children with Williams syndrome suggests that their representation of objects for

the purposes of naming may not be impaired, consistent with evidence from Wang et al., (1995) and

Hoffman and Landau (2000).  In addition, the accurate assignment of object names to Figure and

Ground roles suggests that the children’s understanding of the relative spatial roles of the two

objects is preserved.  Finally, the correct mapping of these roles into syntactic position suggests

preservation of the syntactic-semantic mapping between the spatial representation of the event and

the corresponding linguistic structures.

Children also encoded the Figure object’s motion properly, including the specific Manner

of Motion portrayed.  We note again that it would be perfectly possible for children to encode any

of the portrayed motions in terms of spatially simpler verbs that indicate only motion, e.g. go, move,

etc.  The accurate mapping of the portrayed motion indicates, we believe, intact perception of the

different manners of motion as they were portrayed in our stimuli, as well as intact ability to encode

these with the appropriate verbs.

This conclusion does not necessarily suggest that all aspects of motion perception are intact

in children with WS.  For example, the results from Atkinson et al (1997) suggest that children with

WS are impaired in some aspects of motion perception.  Atkinson et al. asked children with WS

(ages 4-14) to detect and report the direction of common motion of a set of dots when it was

embedded in background noise, comprised of dots moving in the opposite direction to the target set.

Compared to normal participants of roughly the same chronological age, children with WS showed

a higher threshold for detection, suggesting more disruption of the ability to perceive directional
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motion as noise increased.  Our stimuli were clearly suprathreshold, and so it would be possible for

our WS participants to perceive these stimuli sufficiently well to allow linguistic encoding, even if

more subtle aspects of their motion perception are impaired.   A key question is what aspects of

motion perception and what degree of sparing are necessary for the accurate linguistic encoding of

motion events.  One intriguing and relevant finding is from a recent study by Jordan, Reiss,

Hoffman, and Landau (2000), who found that under a range of conditions, children with WS are

unimpaired in detecting and reporting both direction and kind of biological motion (e.g jumping vs.

walking).  In that study, children with WS performed better than mental age matched controls, and

at a level similar to normal adults.  Jordan et al’s findings suggest that children with WS have intact

perception of both the qualitative nature of different kinds of motion and their direction—a

conclusion that is consistent with the capacity of children, reported here, to accurately name

different manners of motion.  Clearly, however, further research is required to fully understand how

motion perception operates in children with WS, and how it delivers information to the linguistic

system, for appropriate encoding.

Of all the components of the motion event, the Path exhibited the most fragility: Children

with WS both omitted Path altogether and produced vague intransitive Path expressions more often

than normally developing children of the same mental age.  Yet even this fragility occurred in the

context of surprising control over the rich and subtle semantic structure required for the proper use

of spatial terms.  For example, the three Path types portrayed (Bounded TO, FROM, and VIA) each

elicited a different, constrained set of terms among children with WS that overlapped considerably

with those of control children and even adults.  Violations resulting from inappropriate use of a

term from one Path type to another were rare, with the exception of the use of over to described

Bounded TO Paths, Bounded FROM Paths, and VIA Paths (in the latter, incorrectly expressing

“through” Paths).  We speculate that the abundant use of over stems in part from its high degree

of polysemy in the language (Brugman, 1981; Lakoff, 1987), and possibly its relatively high

frequency in the language.  The result of polysemy could be that the child's representation of over is

more loosely constrained than that of other terms, and therefore it becomes the default term to be
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retrieved under conditions of uncertainty.  Other major violations that crossed Path type were

possible but did not occur; for example,  on was never used instead of off, or in instead of out.

Moreover, there were no violations of Ground object selection; for example, on and off were used in

combination with “surface” Ground objects, and in and out were produced for “container”

Ground objects.

The most pronounced and systematic difference between the children with WS and the

normal children was not, however, the tendency to produce blatantly incorrect Path terms.  Rather,

the children with WS tended to either omit mention of the Path at all, to do so in a truncated or

highly general fashion by using ambiguous intransitives (largely, over), and/or to omitting  mention

of the Ground object.  Each of these patterns suggests a certain fragility in the construction of the

Path expression.  Importantly, however, these patterns did not occur in blanket fashion across the

events.  Rather, they were constrained by the type of Path portrayed.  Children with Williams

syndrome tended to omit expressions or use vague expressions of Path in contexts where the event

portrayed a Figure object moving either away from a Ground object (Bounded FROM) or along a

path passing the Ground object (VIA)—but not in contexts where the Figure moved to a Ground

object (Bounded TO).  Their omissions were grammatical; they just failed to express the Path

selectively in these contexts, whereas control children tended to include mention of the Path more

often, and did not show any effects of Path type on their omissions.

We believe that this pattern of selective fragility is best explained as a consequence of the

interaction of the children's linguistic representations with their non-linguistic spatial system--

which is impaired. The non-linguistic spatial deficit characteristic of Williams syndrome appears

most prominently in tasks requiring the retention of visual-spatial information over time, for

example, the representation of spatial relationships which then must be re-constructed in an adjacent

but separate space.  In the auditory domain, Vicari and colleagues have found that children with

Williams syndrome show the normal recency effect in memory for lists, with an advantage for items

at the end of a list; but they do not show the normal primacy effect, as they show no advantage  for

items presented at the beginning of the list (Vicari, Brizzolara, Carlesimo, Pezzini, & Volterra,
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1996).  Our findings suggest  a possibly parallel effect for visual-spatial memory, which could be

responsible for selective difficulty encoding the Ground object in Bounded FROM and VIA Paths,

relative to encoding these in Bounded TO Paths.  In the former two path types, the Figure’s final

resting place does not coincide with the Ground object, perhaps making it more difficult to retain an

accurate representation of the Ground object.  Similarly, relative difficulty in representing and

retaining the Ground object would have impact on the accurate representation of Path, since the

nature of the Path depends on the relationship between the Figure and Ground at the beginning of

the event, compared to their relationship at its conclusion.

We favor this account of Path and Ground object omissions because it closely ties the

fragility that we observed in the children's spatial language to the mechanisms by which we can

describe what is currently or recently perceived.   Put simply, if the child cannot retain a

representation of the Ground object or Path over time, he will not be able to talk about them.  This

explanation suggests that the observed fragility resides in spatial cognition, but is reflected in spatial

language.  Interestingly, this idea is compatible with the fact that languages, by and large, have more

resources devoted to expressing TO paths than FROM paths.  For example, there are more

languages whose case system formally marks the former than the latter Path type.  Further, there are

a number of prepositions that mark both static locations "at" a Ground object and Paths TO a

Ground object (e.g., in, under, between), whereas there are none that double in marking FROM

paths and static locations "NOT at" a Ground object (Jackendoff, personal communication).

Other possibilities seem less likely to us.  For example, the fragility could in principal be

due to the status of Path terms as closed class terms.  However, the names for Ground

objects—which are open class terms—are also selectively omitted under the same circumstances as

Path terms, suggesting that the problem cannot be completely explained by the closed class/ open

class distinction.  This possibility could be directly tested, however, by examining the language of

children with Williams syndrome who are learning Path-incorporating languages such as Spanish

or French.  If the fragility is due to a non-linguistic spatial deficit—and not to the difficulty of

acquiring closed class items—the children should show fragility in the expression of Path (encoded
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by verbs) and Ground objects when talking about FROM and VIA Paths.   Another possibility is

that the fragility reflects a deficit in the actual meanings encoded by Path terms; that is, the idea that

the meanings of the omitted elements are more difficult, or less richly represented, than those that

are preserved.  We regard this as unlikely, because of the overwhelming evidence for rich spatial

structure in the semantics of the Path expressions produced by the children with Williams

syndrome.  With very few exceptions, the terms that were produced by the children reflected the

appropriate semantic constraints characteristic of each of the components of the motion event,

including all Path types. The fragility appeared in highly selective fashion -- in just those contexts

where it might be difficult to retain spatial information about the event.  Thus it seems likely that it

is linked to the non-linguistic representation of the event: In FROM-path events, the Ground object

and Path were not represented in a fashion robust enough to receive linguistic encoding.

Although our explanation links the selective deficit in spatial language to a selective non-

linguistic spatial impairment in WS, we cannot rule out the possibility that other kinds of mental

retardation would lead to the same selective deficit.  Moreover, because our normally developing

children had above-average IQs, it is possible that the fragility seen among children with WS was

accentuated (see Mervis and Robinson, 1999, for discussion of issues pertaining to control groups).

However, we view the highly selective deficit in spatial language among our children with WS as

strongly compatible with our proposed explanation.

The general pattern of sparing and selective deficit can be used to gain an understanding of

how spatial cognition interacts with the acquisition and use of spatial language in children. The

strengths displayed by the children with WS in describing motion events reflect, we believe,

knowledge of spatial language that has emerged in spite of the children’s spatial deficit.

Appropriate encoding of the central elements of a motion event in grammatical structures reflects

the capacity to represent those aspects of objects, motions, and spatial relationships that are encoded

by language.  The performance by the children with WS suggests that, despite their profound

spatial deficit, they have the capacity to acquire and use rich spatial representations embodied in the
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semantics of natural languages.  Even the most fragile elements-- Path terms-- are acquired, and

hence are part of the children's representations of spatial language.

How, then, can one explain the acquisition of such spatial language, in the face of profound

deficit in other arenas of spatial representation?  We speculate that spatial language—like many

other systems of spatial cognition—has developed evolutionarily as a system which is specialized in

the sense of having properties that are not directly and completely mapped from other spatial

systems.  Because of this specialization, the properties of space that must be represented in order to

competently talk about space may be rather different from those properties of space that are

required for competence in other spatial domains.   The upshot is that it may be possible to acquire

most aspects of spatial language even when other aspects of spatial representation are impaired.

This speculation rests on two pieces of evidence.  The first is burgeoning evidence from

cognitive neuroscience that spatial cognition is not one monolithic system, but rather, multiple

systems specialized to represent different kinds of spatial information.  One prominent example is

provided by Milner and Goodale (1995), who argue that the system guiding action has quite

different functional requirements from the system guiding perception; these different requirements

are embodied in the computations performed by the two systems.  The motor system, for example,

must compute precise metric information continuously, on-line as actions are applied to objects in

the world.  The perceptual system, in contrast, computes a different kind of information, building

representations of the enduring qualities of objects.  These two spatial systems appear to be

represented by different areas of the brain, and perhaps as a consequence, are differentially affected

by different kinds of brain damage.  Although research on brain structure in individuals with

Williams syndrome is in its infancy, existing evidence is compatible with the idea that there may be

differential sparing of areas involved in spatial computations.  In particular, there may be

disproportionate reduction of volume in parietal and occipital lobes, relative to the frontal lobe

(Reiss, Eliez, Schmitt, Straus, Lai, Jones, & Bellugi, 2000).

The second piece of evidence supporting our speculation concerns the nature of spatial

language, which appears to encode properties of objects and spatial relationships that are quite
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different from-- and, in many cases, much coarser than-- those required by the action or perception

system.  The Path types we have considered in this paper serve as a good example.  In order to

navigate along a specific path, one would need to represent detailed metric information about its

contours.  However, such detail is not encoded by languages, which tend instead to encode only

relatively coarse information, such as the distinction between Bounded TO, Bounded FROM and

VIA Paths.  Within these Path types, English further distinguishes among paths on other bases, e.g.

the distinction between conclusion at an object’s surface vs. its interior (on vs. in).  Such coarse

coding of spatial information has been noted frequently as a characteristic of the incomplete

mapping between spatial language and other spatial cognitive systems (see, eg. Talmy, 1983;

Landau & Jackendoff, 1993).  Objects provide another example.  Non-linguistic representations of

objects preserve shape, and are sensitive to orientation relative to the viewer (Tarr & Bulthoff,

1995); they can also encode the orientation of the object relative to the head, hand, and other body

frames of reference for the purposes of reaching and grasping (Milner & Goodale, 1995).

However, names for objects range over sets of similar objects and disregard specific orientation and

location.

Thus spatial language would appear to possess properties distinct from other spatial

cognitive systems.  Given the requirements for rather different kinds of representations, the

development of spatial language might not require that all aspects of non-linguistic spatial cognition

be fully intact.  That is, it may be possible to acquire representations that encode distinctions

pertinent to spatial language while failing to acquire representations pertinent to another spatial

system.  Recalling our discussion of motion perception, we suggested that it could be possible to

normally acquire and use manner-of-motion verbs even if certain aspects of motion perception are

impaired.  Because language tends to encode spatial properties relatively coarsely, acquiring spatial

language may not require that all aspects of spatial representation are intact. We speculate that this

is the case in children with Williams Syndrome, who exhibit profound deficits in certain domains of

spatial cognition, but show remarkably spared and rich knowledge of the language by which we

represent spatial events.
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Appendix A
Descriptions of the 80 events, taken from Newport (1990)

Figure-only Events

1. A loop moves diagonally upwards
2. A ruler moves across a lawn
5. A baby wanders across the floor
7. A porcupine walks, turns and walks again
11. An ashtray zigzags across a lawn
12. An airplane moves, turns, and moves
13. An airplane hops in a straight line
15. A barrel hops downhill
19. A man rolls across a lawn
21. A green locomotive moves, turns, and moves
22. A yellow towel zigzags across a lawn
23. An upright wood bar falls over
27. A broom sweeps slowly and randomly across the floor
28. A toilet moves across the floor
29. A tree hops in a straight line
30. A hen hops uphill
33. A tree moves in a straight line
35. A paper glider flies up and down through the air
39. An upright phonebook falls down
40. A green creature flies through the air in a spiral fashion
42. A cylinder rolls across a lawn
43. A balsa wood glider moves, turns, and moves again
45. A knife moves, turns, and moves
47. A band-aid moves, turns, and moves
48. A palm tree flies through the air in a spiral fashion
52. An airplane flies through the air in a spiral fashion
53. A fire hydrant moves, turns, and moves again
54. A thin oil paint brush flies backward in a spiral fashion
56. A fat yellow bee wanders across the floor
57. An upright roll of duct tape falls over
59. A movie reel rolls diagonally upward
61. A rabbit hops slowly downhill
62. A motorcycle moves, turns, and moves
63. A cactus falls over
67. A barrel-half tips over
69. A piece of bone falls over
70. An egg flies up and down through the air
72. A rescue truck zigzags uphill
76. A motorcycle hops slowly downhill
78. A wood bar spins slowly downhill
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Appendix A (continued)

Figure-Ground Events

3. A girl jumps into a plumbing nut
4. A cylinder falls off of a swing
6. A white pipe cleaner jumps from a cactus
8. An airplane flies through a plastic T-pipe
9. A Christmas tree jumps up onto a box
10. A wreath falls down from above a fireplace
14. A tractor moves backward, and turns toward a book
16. A loop jumps over a tree
17. A chick flies diagonally up to a wood rod
18. A tricycle moves toward a mailtruck, and turns to avoid it
20. A dart with a suction cup flies and hits the wall of a building
24. A tail wing falls off of a Leggo airplane
25. A duck walks past a thin loop
26. A bed moves around a prone man
31.  A cup jumps onto the head of a frog
32. A missile jumps backward on top of another missile
34. A metal washer jumps out of an ashtray
36. A lawnmower moves toward a palm tree, and turns to avoid it
37. A roll of paper jumps through a roll of tape
38. A dog jumps backward over a bed
41. A brick jumps down off of another brick
44. A Q-tip flies through a metal washer
46. A VW bug falls off of a thick loop
49. A pick-up truck hits a tree
50. A woman walks backward past a dog
51. An airplane takes off from the back of a tugboat
55. A hollow log jumps over a stump
58. A farmer falls from the branch of a tree
60. A soup can falls off of an upright dart
64. A green jeep pulls out of a hollow log
65. A doll jumps down from the head of another doll
66. A doll walks by an airplane, and turns to it
68. A floor lamp moves toward a table and turns to avoid it
71. A thick paint brush moves backward into an empty tin can
73. An evergreen falls down off of a red pole
74. A tugboat moves backward from a yellow pole
75. A turtle walks backward and turns toward a tree
77. A robot walks and turns toward a motorcycle
79. A rabbit falls backwards from the back of a zebra
80. A pencil moves backward from a yardstick
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Table 1.  Conceptual and Linguistic Components of the Motion Event  a

______________________________________________________________________________

Component Non-linguistic Representation Linguistic Coding

______________________________________________________________________________

Figure Object Object kind (e.g. dog, woman, truck) Noun phrase

Spatial role (object that moves) Theme/Subject  of sentence

Motion & Manner Motion (and specific kind) Verb (manner-of-motion)

Path Path of travel Preposition

Bounded TO TO Prepositions

Bounded FROM FROM Prepositions

VIA VIA Prepositions

Ground Object Object kind (e.g. dog, woman, truck) Noun phrase

Spatial role (reference object) Goal/Object of the preposition

Path-relevant properties Semantic match to :

Container-type IN/OUT Prepositions

Surface-type ON/OFF Prepositions

______________________________________________________________________________

a  The linguistic components listed here are appropriate to simple English sentences such as the

ones described in the text.  Most of the sentences produced by participants in our study were of this

type.
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Table 2.
Mean Percent Ground Object Omissions (and S.E.s) as a Function of
Path Type in the 40 Figure-Ground Events

Path Type Adults Controls WS

Bounded To (n=12) 0.0 (0.0) 6.9 (1.7) 14.6 (4.1)

Bounded From (n=16) 1.0 (0.7) 12.0 (3.8) 35.9 (7.2)

Via (n=12) 2.1 (1.5) 16.0 (4.2) 22.9 (5.1)

Total (n=40) 1.0 11.7 25.6
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Table 3.  Twelve Most Frequent Specific Verbs of Motion

______________________________________________________________________________

Adults Controls WS

____________________            _______________________ _______________________

Verb %           Verb % Verb %

______________________________________________________________________________

fall 26.6       fall 31.0     fall 28.1

jump 14.7 jump 17.2 jump 12.7

fly  9.1 fly 11.3 fly 11.5

hop  7.1 hop  7.5 hop  5.6

walk  5.6 walk  4.5   walk  7.3

roll  4.4 roll  5.5  roll  4.2

drive  4.2 drive  1.5 drive  1.9

slide  3.8 slide  1.9 flip  4.4

make a turn  2.6 run  1.4 turn  3.8

spin  1.5 go in “L”  1.5 zigzag  3.5

back/up  2.3 ride  1.4 run  2.9

bounce 1.8 bump  1.4 bounce  1.9

Totals 83.7 86.1 87.9

______________________________________________________________________________
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Table 4.
Percent Production of All Path Terms Over All 80 Events

Simple Path Terms Adults Controls WS

across 22.2 5.3 2.9
against 0.1 0.2 —
along 0.8 0.2 —
around 3.1 2.5 2.5
at 0.3 0.7 —
away — 3.6 2.7
back 0.2 0.7 1.7
backwards 2.7 3.3 1.5
behind 0.7 0.7 0.2
beside — 0.2 —
by 1.3 0.5 0.6
down 5.2 8.3 10.1
downhill 0.3     — —
downward 0.1     — —
forwards — 0.4 —
from 1.2 0.8 0.4
in 1.6 5.1 4.8
inside 0.2     — —
into 3 1 3.4
near — 0.5 —
off 13.7 18 15.2
on 3.8 9.4 5.3
onto 1.2 1.3 0.8
out 3.9 3.8 1.7
over 9 10.6 26.9
past 1.7 3 0.8
through 6.7 6.3 2.3
to 3.1 2.6 5
toward(s) 1.7     — —
under 0.1 0.2 —
up 2.5 3.6 2.5
uphill 0.3     — —
OTHER SIMPLE —     — 0.4
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Table 4 (continued)

Compound Path Terms Adults Controls WS

around and around — 0.7 0.8
away from 2.3 1.2 0.8
back of /  back to — 0.3 0.2
close to — 0.2 —
down from / down off 0.1 0.2 0.4
from x to y 1.2 0.7 —
in back of / in front of 0.2 0.4 0.2
in front of — 0.2 —
in and out — 0.2 0.8
in his way — 0.5 —
in the middle —      — 0.2
in through —      — 0.2
left to right 0.1      — —
next to — 0.2 0.2
on left side of 0.1      — —
on over —      — 0.2
on top of 2 0.2 0.4
out around —      — 0.2
over and over —      — 1.3
over to 0.6 0.2 1.5
over towards 0.1      — —
perpendicular to 0.1      — —
right in front —      — 0.2
up and down 0.1 2.8 1.1
up to 2 0.2 0.2
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Table 5.
Mean Percent (S.E.s) of Classified Path Expressions in 34
Figure-only Events

% Correct % Incorrect % Ambiguous
Intransitives

% Omissions

Adults 80.0 (6.2) 0.5 (0.3) 6.8 (0.4) 12.7 (3.9)

Controls 25.2 (8.3) 3.6 (1.0) 8.4 (2.3) 62.8 (7.6)

WS 15.9 (3.6) 7.3 (2.7) 14.3 (3.6) 62.4 (4.9)
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Table 6.
 Mean Percent Production of Five Most Frequent Path Terms for the Three Event Types

Adults Controls Williams Syndrome

Path Type Term Percent Term Percent Term Percent

into 20.5 on 31.9 on 23.3
Bounded TO on top of 13.4 in 16.5 over 14.6
(n=12 events) up to 9.4 to 11.0 to 13.6

toward(s) 9.4 onto 8.8 in 13.6
on 9.4 backwards 5.5 into 12.6

off 63.1 off 55.9 off 39.7
out 18.2 out 10.6 over 17.3

Bounded FROM away from 9.6 down 6.4 down 16.0
(n=16 events) from 4.3 over 5.3 out 5.1

through 1.1 away from 3.7 up 2.6
through 2.6
backwards 2.6
back 2.6

through 23.3 over 26.6 over 46.7
VIA over 22.0 through 21.9 around 5.8
(n=12 events) around 10.7 past 13.3 through 5.0

past 10.0 around 7.8 to 4.2
backwards 8.7 on 5.5 past 3.3

off 3.3
into 3.3
back 3.3
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Table 7.
Mean Percents (S.E.s) of Classified Path Expressions for 40
Figure-Ground Events

Path Type and Participant
Group

% Correct % Incorrect % Ambiguous
Intransitives

% Omissions

Bounded TO Events
Adults 99.1 (0.9) 0.9 (0.9) 0.0  (--) 0.0 (--)

Controls 80.3 (3.8) 6.9 (2.4) 5.3 (1.9) 7.4 (2.9)
WS 66.7 (8.0) 17.2 (5.1) 4.6 (2.9) 11.4 (4.3)

Bounded FROM Events
Adults 99.0 (0.7) 0.5 (0.5) 0.5 (0.5) 0.0 (--)

Controls 78.0 (5.6) 11.6 (3.3) 5.3 (2.2) 5.1 (3.8)
WS 55.7 (6.0) 16.2 (4.0) 11.6 (2.5) 16.6 (6.9)

VIA Events
Adults 97.7 (1.2) 1.6 (1.1) 0.7 ).7) 0.0 (--)

Controls 76.9 (4.9) 9.4 (2.7) 1.5 (1.0) 12.3 (2.9)
WS 48.0 (6.9) 19.8 (6.2) 12.5 (3.9) 19.7 (7.4)

All Figure-Ground Events
Adults 98.6 1.0 0.4 0.0

Controls 78.4 9.3 4.0 8.3
WS 56.8 17.7 9.6 15.9
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Figure Legends

Figure 1.  Three types of Paths that are distinguished in English by the sets of spatial prepositions

that can encode them.

Figure 2.  Certain spatial prepositions place geometric constraints  on the Ground objects they can

accept.  See text for discussion.
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Path Types

Bounded TO Bounded FROM    VIA

Sample English Prepositions

to from past
in(to) out over
on(to) off around
towards away through
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a) INTO (but not ONTO) OUT (but not OFF)

b) ONTO (but not INTO) OFF (but not OUT)
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Footnotes
                                                

1.  Jackendoff also discusses Directional Paths, which code paths in which the Ground object does not lie at either
beginning or end, but somewhere more distant along the path, if it were to continue, e.g. John went    toward    the
house.      Toward    and    away from     encode this path type; these two illustrative terms differ in polarity, just like the
TO/FROM path types discussed in the text.

2.  Like the first analysis, there were reliable main effects of Group,     F     1, 22= 18.14, p<.05 and Path Type,     F     2,
44= 7.48, p<.05.  Planned comparisons for these data again showed that the children with WS produced reliably
more “best” matches for Bounded TO Path types than either FROM or VIA Path types (   t    s= 2.2, 3.76, respectively,
dfs=44, p<.05).  In addition, comparisons showed that control children produced reliably more best” matches for
FROM Path types than VIA path types,    t   = 2.17, df= 44, p<.05)


