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0 Introduction
Every language has terms that are used to talk about space. The most prominent and most intensively studied of
these spatial terms are the prepositions, the kind of words that in some sense have specialised in space,

describing where something is or happens or where it is moving;:

) a. The milk is in the refrigerator
b. We met behind the statue
c. They moved into another appartment
d. I led him across the yard

Prepositions are one kind of what I will call place terms ((1a) and (1b)) and change of place terms ((1c) and

(1d)). Members from other parts of speech can also be (change of) place terms: {2}

2) a. He lives in the vicinity of a small town (place noun)
b. How far do you live from town? (place adjective)
c. They entered the bar (change of place verb)
d. The airplane went down (change of place adverb)

Most of the literature about spatial language is restricted to place terms and prepositions.{3} However, the
domain of place does certainly not exhaust the language of space. There are at least four other spatial domains:

e The domain of size, with size terms ((3a) and (3b)) and change of size terms ((3¢c) and (3d)): {4}

3) a. a thin hair

b. the height of a tower



c. to shorten a rope

d. to grow

e The domain of orientation, with orientation terms ((4a) and (4b)) and change of orientation terms ((4c) and

(4d)):

“) a. an oblique line
b. to stand upright
c. he kicked it over
d. two rotations

e The domain of shape, with shape terms ((5a) and (5b)) and change of shape terms ((5¢) and (5d)):

®) a. a straight stick
b. a circle
c. to straighten
d. to bend a stick

e The domain of spatial parts, with nouns such as the following:

6) top, backside, corner, centre, bump, notch

This variety of spatial terms (and there may be other domains not included in this brief overview) raises the
following questions: How do these different classes of terms within the language of space fit together? Is the
domain of space a collection of unrelated portions of vocabulary or is there an underlying system? If there is a
system, then how can we best analyze that system?

O’Keefe (1996) and Zwarts (1997) and Zwarts and Winter (2000) develop a semantics for spatial
prepositions in which the position of a figure (also called located object, theme or trajector) relative to a ground
(also reference object, relatum, or landmark) is represented by a vector. Vectors are also used in Marr’s 3D

models (1982) to represent the axes of objects and parts of objects and in this way they help to encode properties



of size, orientation, and shape in object representations. This is also linguistically relevant as Landau and
Jackendoff (1993) and Jackendoff (1996b) show for some terms of size and spatial parts (the ‘axial
vocabulary’). The purpose of this paper is to adduce linguistic motivation for the integration of these two uses of
vectors, the ‘place use’ and the ‘axis use’, by showing similarities and connections between the domain of place
on the one hand and the domains of size, orientation, shape, and spatial parts on the other hand. The claim is that
the relation between figure and ground in place terms is very similar to the notion of axis that plays a role in the
meaning of terms of size, orientation, shape, and parts and that place relations and object axes are both
represented by means of vectors.

I will first explain the vector-based approach to place terms in section 1. In section 2 I will show how
the vector space model can be extended from the place domain to the domains of size, orientation, and spatial
parts and what advantages that extension offers. In section 3 I will do the same thing for paths (sequences of
vectors that represent change), which enables us to understand the language of shape and the language of change
of size and orientation. Section 4 gives some final thoughts on the somewhat more complicated area of change

of shape.

1 Place Terms and Vector Semantics
A place term is an expression that is used to locate an object or event. Place terms can be ‘static’ (7) or

‘dynamic’ (8) and they can be prepositions, adjectives, nouns, adverbs, or verbs: {5}

@) a. His wife was out of bed now, standing beside him near the window (preposition)
b. the big airbase at nearby Mildenhall (adjective)
c. He was around (adverb)
d. in the vicinity of the town (noun)
8 a. He moved through the half-daylight over the yard fo the shed (preposition)
b. Gordon Butcher bent his head closer and closer still (adjective)
c. She went downstairs to make breakfast. (adverb)

d. They reached the forward point of it. (verb)



One reason for using vectors in the semantics of place terms comes from modified prepositional phrases (Zwarts

1997):

) a. the plow, which lay fen yards behind the tractor
b. the plow, which lay very far behind the tractor
c. the plow, which lay just behind the tractor
d. the plow, which lay straight behind the tractor

The important thing about these modifiers is that they specify the distance or direction in which the located
object (the plow) can be found relative to the reference object (the tractor). As a result they map the spatial
region corresponding to the PP behind the tractor to a subregion. It is hard to imagine how this works when the
region is a set of points or a ‘blob’ of space because all by themselves points or blobs do not have distances or
directions. However, suppose that behind the tractor corresponds to a set of vectors pointing backwards from
the tractor and that the plow is located at the end point of one of these, as indicated in the following figure
(where the tractor and the plow are represented point-like and the shaded area corresponds to the end points of

the vectors):

\

tractor /I
plow

Figure 1: the plow behind the tractor

Modifiers can then be interpreted as mapping this set to a subset by imposing additional constraints on the
length (ten yards, very far, and just) or orientation (straight) of the vectors. Furthermore, each preposition maps
to a particular kind of region. Near the tractor denotes all those vectors that have a short length; next to the
tractor corresponds to the vectors pointing sideways; between the tractor and the barn denotes the set of vectors

pointing from the tractor towards the barn:
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Figure 2: near the tractor, next to the tractor, between the tractor and the barn

The kind of regions denoted by PPs in this theory are not unstructured sets. The algebra of vectors (with its
operations of vector addition, scalar multiplication, inversion, and rotation) endows regions with a rich structure
that allows for the definition of semantically significant classes of PPs (see Zwarts 1997 and Zwarts and Winter
2000 for more details).

A few remarks about vectors and regions are in order here. First, for the purposes of this paper the
precise formal or cognitive definition of vectors is of secondary importance. They can be taken as primitives,
defined in terms of cartesian or polar coordinates, as pairs of points (Gambarotto & Muller this volume),
bounded half-lines (Habel et al. this volume), or in terms of more complex neurological patterns (O’Keefe this
volume). Of course, it does matter what a vector is, but not for the semantic phenomena under study in this
paper. Second, the vector representations diagrammed above are admittedly too simple in that they fail to
account for the important fact that PP regions are really graded and vaguely bounded, as shown in Carlson,
Regier, & Covey (this volume) and experiments cited there. They show how different factors operate on a vector
representation to explain what are the more central points of a region. Third, another simplification of the vector
model presented here is the unwarranted exclusion of functional factors in the interpretation of prepositions, like
‘containment’ for in, ‘support’ for on and ‘protection’ for over (Coventry this volume). How to represent these
functional notions in a mildly formal way and how to integrate them with the vector representation is unclear at
present, although I personally feel that the concepts of force dynamics (Talmy 1988) are crucial in
understanding functions and relating them to spatial representations.

What about prepositions like those in (10) that do not just locate an object but that help to express a

change of place (10a), an orientation (10b), or the distribution of an object over a stretch of space (10c)?



(10) a. He went into the house
b. The sign points away from the village

c. The people were standing along the road

A widespread assumption, that I will follow here, is that the underlying concept for this kind of expressions is a
path (Jackendoff 1983, Habel 1989, Nam 1995, Talmy 1996 and many others). It seems intuitively a quite
obvious move to analyze paths simply as vectors, as Helmantel (1998) does, but the problem is that paths often
do not describe straight lines. For instance, around the tree can describe a path that takes the shape of a circle
(among other shapes, see Schulze 1991, Wunderlich 1993 and Taylor 1995). Another option would then be to
represent such a curved path as a sequence of vectors that are connected head to tail, as in Bohnemeyer (this

volume):

Figure 3: head-tail path

Each vector of the path represents the move that the theme makes over a particular interval of time. The shorter
the vectors of the path, the better the actual shape of a path is approximated. A path consisting of one vector
could be seen as the simplest instance of this kind of representation.

Even though there are potential applications for this kind of paths (see section 3.1), I think that, as far
as the interpretation of directional prepositions is concerned, there are good reasons to analyze paths first of all
as sequences of positions relative to a reference object (Langacker 1987, Jackendoff 1996a), that is, in our
framework, as sequences of vectors that all have one and the same origin. For example, the PP around the tree
would roughly correspond to a series of vectors like those in Figure 4, over the house could refer to the sequence

of vectors in Figure 5 and fowards the city corresponds to Figure 6:
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Figure 4: around the tree
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Figure 5: over the house

Figure 6: towards the city

This representation captures in the most direct way the close relationship between position and motion and
between locative prepositions and directional prepositions. We can understand more readily why a sequence of
positions can be described by using a directional PP (Regier 1995) and why entailments like the following are

valid:

(11 a. The bird will fly over the house

b. The bird will be above the house

Sentence (11a) entails sentence (11b) because the position above the house is just one of the positions that is

part of the path over the house. There are also systematic mappings between locative and directional PPs:

(12) a. The mouse went under the cupboard

b. The hotel is over the bridge



In (12a) a locative PP under the cupboard is used to describe a path that ends under the cupboard. In (12b) a
path over the bridge is used to specify a location as being the end point of the path. Representing paths as
sequences of vector positions allows us to describe these mappings in a straightforward way.

Another reason for representing paths as sequences of vectors is that the length of the vectors of the

path can sometimes be specified by a modifier, as in the following Dutch examples:

(13) a. De auto reed vlak langs de gracht
The car drove close along the canal
b. Het vliegtuig vloog hoog over de stad

The airplane flew high over the city

Notice that the distance modifiers viak ‘close, right’ and hoog ‘high’ do not specify a distance along the
direction of the path, but a distance perpendicular to it.

All directional PPs receive the same type of path representation; there are not different kinds of
representations for prepositions like fo and from and prepositions like around and along (pace Bohnemeyer this
volume). One important reason for having just one kind of path (apart from theoretical parsimony) is that
different directional prepositions can be combined in a sentence to describe one path, as in our example (8a)

above:

(14) He moved through the half-daylight over the yard fo the shed

There is only one path here, but it is described by three different directional PPs that specify different positions
of it.{6}

It is important that paths are atemporal entities, because they can be used in different ways, as we
already saw in (10): for motion (real or ‘virtual’), orientation, extension, distribution. See Jackendoff
(1983,1996a) and Talmy (1996) for more details and also sections 3 and 4 of this paper. See furthermore Zwarts

and Winter (2000) for more details on the vector analysis of paths.



2 Place Vectors and Axis Vectors
2.0 Preliminaries
The claim of this paper is that terms from the domains of place, size, orientation, shape, and spatial parts are all
interpreted with respect to one and the same spatial structure, which has the form of a three-dimensional vector
space V.{7} There is no need to assume different ‘ontological categories’, ‘sorts’, or ‘primitives’ for places,
sizes, orientations, shapes, or spatial parts. Vectors are the only primitive spatial objects and each spatial domain
constructs its meanings on the basis of vectors. Even if this claim will turn out to be too strong (which is quite
likely), it still provides a fruitful perspective for studying the language of space, as I hope to show.

I assume that a vector v has two uses. It can either represent an axis of an object X, as in Marr (1982) or
it can represent the relative position of an object x with respect to an object or point of reference y, as in

O’Keefe (1996) and Zwarts (1997). This is illustrated in the following figures:

X I
A
X
\4
y \%
Figure 7: place vector Figure 8: axis vector

I will use the term place vector for the vector in Figure 7 and axis vector for the vector in Figure 8. Even though
the vectors are used in different ways, they come from one and the same vector space V. It is how they relate to
objects that differs. I will represent this by means of two relations: place and axis.

An object x can relate to a place vector v in two different ways, depending on whether x functions as
the figure or the ground of a spatial relation. Both of these functions are illustrated in Figure 7: place(x,v) holds

(“x is placed at vector v’) as well as
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