Vision, shape, and linguistic description: Tzeltal
body-part terminology and object description’
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A bstract

The Mesoamerican languages are renowned for shape discriminations. The
Mayan language Tzeltdal is no exception, and the theoretical implications
are here explored for one area of the vocabulary that plays an important
role in locative descriptions. Tzeltal body-part terms are "metaphorically”
mapped onto parts of inanimate objects strictly according to a complex
volumetric analysis of shape. This raises a number of fundamental
issues:

a. In what sense is this a "metaphorical” process?

b. What is the relation of the volumetric aidlysis reflected in the lnguage
to the volumetric analysis involved in visual object recognition?

The answers given are the following:

a'. The mapping of body part terms to shapes is not done by any form
of creative analogy, but by a precise geometrical algorithm. Contrary to
assumptions in the Mesoamericanist eid cognitive linguistics literature this
then has few of the properties of metaphor.

b' There is acoincidence between the kind of volumetric andysis involved
in visual object recognition and that involved in the application of these
terms.

The conclusions from (b') may be far-reaching. A ccording to modularity
arguments, linguistic processes should have no access to strictly visucl
processes. Although the present facts are not decisive, together with other
observations they favor models where there is sharved linguistic and visual
access to the underlying processes of volumetric shape analysis.

The paper suggests that cross-linguistic data might play an important
role in general speculations about the relation between different kinds of
mental representation, and that the Mesoamerican languages might have a
special pertinence to the relation between visual and linguistic rep-
resentaions.
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I.  Preamble2

This paper starts from the following intuitive observation: there is some-
thing very curiously visual about Mayan languages like T zeltal, that
encode shape and position in verbal roots and body-part assignments,
so that for example locative descriptions are replete with contour
information.

Why visual? To answer that, we must think a little about the difference
between different kinds of representation, visual and linguistic. And there
are perhaps two levels of answer: an intuitive level, and a technical level.

On the intuitive level, let us imagine a scene of some objects (e.g. a
coffee pot, cups, cte.) on a table; we could represent the scene linguisti-
cally, as an English description of what there is and how it is all arranged,
or we could represent the scene visually, for example as a drawing. The
two representations would have different properties:

a. The description but not the drawing might contain information that
is not "in" the scene (e.g. that the coffee pot was given to you by your
grandmother).

b. The drawing must be from some perspective (although it could be
a plan from above). The verbal description may also have the perspective
of the viewer ("the coffee pot is to the left of the cup”) but it need not
("the coffee pot is in the middle of the table™).

But perhaps the most striking difference would be (c):

¢. whereas the drawing musT represent shape and relative sizes and
distances, the English description need not, and perhaps even CANNOT.
Coffee pots are of diverse shape and size, and so are cups, but there is
no easy way in English to describe all that succinctly - but a sketch
will do itin a trice.

The point is that English spatial descriptions (like The coffeepot is on
the table) are sEmAN-rlcaLV GENERAL over shape, angle, and many other
Euclidean aspects of the situations described, whereas a drawing CANNOT
BE so (even the sketchiest adumbration of a shape suggests a specific
shape). This can't be entirely an accidental feature of English: indeed, it
is part of the design properties of language - a finite vocabulary implies
semantic generality, and the possible shapes of coffee pots alone might
soon exhaust the limits of the lexicon.

This has led some analysts to claim that spatial language is intrinsically
topological - in effect, indifferent to most aspects of shape, especially
coNToun.' But this does not follow from the design requirements of
language alone: we can have a notion of triangle (distinctly untopologi-
cal), and we can let this be semantically general over a precise range of
shapes. Moreover, we may rely on our interlocutors to have some familiar
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unmarked expectation of a good triangle in mind (e.g. isosceles). (Some
theorists would think of such a "good form" as a semantic prototype,
but I think of this entirely as a pragmatic matter.)

In a nutshell: with regard to description, language is digital, sketches
arc analog. But this dichotomy can be eroded; if you have enough pixels,
you can have analog shapes in digital form. Suppose we have over 20
distinct roots for describing, for example, different contours of vessels,
depending on the relative size of the orifice, or of the base, or the
sharpness of curvature of the belly or of the lip. Figure 1 shows how
Tzeltal roots (here derived as predicate adjectives) provide a prodigal
assortment of such fine-grained distinctions. Given these resources, we
can verbally encode with a few roots the shape of our coffee pot with a
precision and conciseness approximating that of the sketch. It is partly
in this intuitive sense that Tzeltal descriptions are more visual, much
more finely attuned to visuval discriminations than the counterpart English
descriptions.

But there is also another relevant sense in which Tzeltal could be said
to be "visuval": shape distinctions are not just possible. they are often
mandatory. Now a shape (or contour) is just what is neutralized in
topology. and on the widespread view that natural-language spatial
description is essentially topological, shape is also (it has been argued)
neutralized in English prepositions.' Thus in may presuppose a container,
but the expression is indifferent to whether the container is a bottle, a
flat bowl, a box, or even a garden. In contrast, exact shape, curvature,
and contour are crucial to Tzeltal locative (and indeed many other)
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Figure [ Some Tzeltal predicates discriminating pot shapes
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descriptions. This is guaranteed by two grammatical structures used in
the canonical locative description: ® he Rt s fhise he locate predicare
must be drawn from a set of many hundreds that purt sortal conditons
of shape on the subject {or fizzrre) and somenmes also the landmark
object (or ground); the second is that to specify areas on or near the
ground, Tzeltal uses "metaphorical” body parts that are mapped onro
the object largely on the basis of shape.

Thar is the direction in which one might give an intuitive affirmative
to the question, 1s Tzeltal curiously visuarL: But there 1s another direction.
If one looks to the modern theory of vision, one finds there an analysis
of visual process based on preoccupations with the shapes of objects,
with object-centered points of view, with the partition of objects into
parts, and so on, which seems to suggest that perhaps Tzeltal 1s (compared
to Hnghsh) much more closely connecred with and tied into the cognitive
stream of operations involved in visual und(,rmmdm;;, itself. 'To explain
this, we must digress briefly ro review modem theories of vision for those

unacquainted with them.

2. Modern theories of vision

2.1, Mary's theory

The "problem of vision" 1s how the viewer extracts a representation of
a stable three-dimensional world from a two-dimensional retinal array
that 15 constantly fluctuating due to eye and head movements. This turns
out to be anything but trivial: what we know at a glance about the
analysis of a scene 1nto a grouping of objects with size, depth, onentation,
and so on cannot be even approximated by the most sophisticated compu-
tational analysis of images. A central focus of work in vision has thus
come to be, How do we recognize objects, when these can be intrinsically
variable in shape 1n the first place and viewed from any number of angles
in the second, are rarely viewed under the same lighting, are typically
partially occluded and shaded, with contours not always sharply distinet
against other objects?

Theories of vision experienced a revolution in the late 79705 akin to
the Chomskyan revolution in hngul\m s in the 7960s. Before that, setting
aside the Gibsonian tradition, vision theonies had been dominated by a
pattern-matching paradigm on the one hand, and a patchwork quilt of
unintegrated derailed physiological and psychological invesngations on
the other. The pattern-marching paradigm assumed thar visual object
recognifion is essentially Tor pows, involving the matching of 21D rep-
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resentations:' one has a mental inventory of "snapshots" of objects and
tries to match what one sees with what one has "in mind." Successively
sophisticated computational models tried to match first gestalt wholes,
then features of wholes, and then "structural descriptions” of organized
features, but withour much success outside very limired domains.

'Then in the late 79705, David Man in collaboration with physiologists
and compurational theorists put together an integrarive, generative theory
of vision. This was resolutely BoTroM up, that 1s, 1t assumed that most
of the processes mvolved in object recognition consisted in generalized
algorithms directly applied 1o the visual array, without reference to

"world knowledge." And in a tour-de-force of model building, Man
integrated many physiological details, for example about the mathemarti-
cal massaging of the visual signal between the refina and the cortex, into
a series of algorithms that yield four distinet levels of visual processing,
as follows:

I. "The raw primal sketch," the output of processes extracting, for
example, edge segments from the retinal array.

2. "The full primal sketch,” connection of edge segments, etc., into a
2D representation of the external contours of objects, similar to a hine
drawing.

3. "The 2} D sketch," using stereopsis, etc., the extraction of relative
depths in 2 VIEWER CENTERED representation, but withour full 31 inter-
pretation of volumes,

"The 31> model description,” the final segmentation of objects from
the background and their interpreration as volumes from an  OBIRCT
ckNesRED perspective. Objects are analyzed into successively tiner vol-
umes, each with a central axis along a “generalized cone." They can then
be recogmzed by comparison with an inventory of known objects ana-

lyzed in the same style.

" What the overall sequences of processes and stages of analysis achieve
is passage from a large array of pixels capturing differing levels of hght
intensity, through an extraction of a line drawing of a scene, to a drawing
with half-depth and with objects still embedded in their backgrounds, to
the final stage: an extraction of the 312 shape of objects. It is this last
stage, which is also the most speculative (and nowadays the most contro-
versial), that 1s of special interest to us. Itinvolves a switch from the
viewer-centered 2} D sketch to an object-centered perspective, in which
external spatial frameworks (like verticality, front/back, left/rght disposi-
fions) are irrelevant. This 1s a peculiar process: analysis of retinal images
as 31D objects by imaginative locarion of the .1[1411V3T in the inner volume
of the object itselfl For the problem 1s to reconstruct a volume from a
chance view, to do which one must reconstruct the inner geometry of the



796 S . Levinson

object that must cast such a view. That mner geometry 1s of course
constant whatever the onientation of the object, hence the irrelevance of
exrernal spatial frameworks for this process. Only atter recovery of the
mrernal volumetric structure of the object can we recogmze the object
as, for example, an upside-down bucket viewed with parnal fore-
shortenung,

Object recogmtion 1 Marr's system 1s "bottom-up" almost all the way
{at least as far as 1t proves possible); that 1s, we do not recognize things
by comparing 21 views against a mental inventory of such projections
tor each known objects Rather, wathout reference to encycopedic knowl-
edge of the world, we try to reconstruct the entire mternal 31 geometry
of the object, and then compare that agamnst a mental 1nventory of 31
objects, just to get the "name" or category. 'The very nature of the
geometrical analysis of single objects helps us to find them in our mental
catalogue of object kinds. For example, a human figure 1s first analyzed
m terms of a mamn axis and 1ts cylindrical volume, then broken down
mto successively finer subaxes, each with their cylindrical volumes, all
the way down to the fingers 1f visible (Marr 1982: 306). When viewed
from a distance or 1n poor hghting, one will only get the coarser levels
of analysis. Now to recogmze that shape (Le. to equate 1t with one of
the types 1 our mental mventory), at whatever level of discrimination
we have managed to discern, we compare 1t to a hierarchical index of
cylindrical shapes i our mental catalogue (Mary 1982: 319). T'he more
detail we can see, the more sure we can be about the subclassification,
for example of a human as a female child." For Man, object recogmtion
1s the end-point of the visual process, dehvenng the information we need
about objects 1to central thought processes, although we also clearly
need that information reembedded 1n a viewer-centered coondinate system
so that I can, for example, walk around the table.

Man's theory has set the terins of reference for the theory of vision
up to the present nime. Nonetheless, of course, there have been many
fundamental revisions and many new ideas. We briefly list some new
1deas about object recognition (the 310 model part of the theory) as
background for what follows.

1. Shape primitives: the generalized cone. A generalized cone 1s a shape
generated by sweeping a cross-section of constant shape, but potentially

varying size, along its main axis. -1 startling property of generalized cones
15 given by Mar's theorem {1982: 223): you can get from a silhouette
{contour) of an object X to a 312 mx« odel only 1f X 1s composed of
generalized cones (and there 1s no foreshortening). Man therefore
thought that generalized cones are crucial to object recognition, since we
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can and do routinely mterpret silhouettes, and this interpretation would
be 1impossible on the assumption of some other dass of prmmtive shapes.
Man {1982: 3094t went on to suggest generalizations to 21 objects and
hollow ones (see also many useful suggestions in Jackendoff and Landau
1992 [1991]}.

The hngulst observer of the theory of vision should note that the
restriction to generalized cones 1s like restricting the acoustic properties
of speech so that a comprehender knows the range of sound classes that
could constitute good phonemes. Recent suggestions mvolve raking the
analogy further and suggesting there might just be a fixed inventoty of
phonemes, that 15, a subset of generalized cones. Thus for cxamplc the
mventory of generalized cones 1s reduced to 36 prmutve { gc ons") 1n
Biederman's (1987} account. Or one mught assume a search tor "se m’um-
cally" potent shapes, ones that encapsulate causal history {Leyron 1989),
and this proves for us a useful auxihiary 1dea.

2. Part segmentation. Marr's account s a little unclear: first, he
dlustrates {1982: 314-315) an algonthm for segmentation by outhne that
could proceed indepe ndc ntly of axis assignment; later \1‘)82. 317) he

shows rhat axis assignment might involve volumetrc analysis.

Commentators have explored the former path, trving to decouple segmen-
tation from volumetric analysis (Hoffman and Richards 1984). For the
purposes of this essay, Marr's 1dea thar volume and axis might be
"chicken and egg” 15 probably the more fruitful.

3 Object-centered orientation vs. absolute (e.g. vertical) vs. egocentric
orientation.  -Marr's claim s that an object’s coordinate system 1s set up
prior tO object recogmtion; however, there 1s some current debate here,
Man allowed that where the pancipal axis 1s vertical, the direction would
by default be "up" (1982: 310). Leyton {1989) suggests that 1n natural
or flexible objects, shape analysis gives growth and pressure mformation;
since gravity 1s a constant force in our world, 1t may be packaged 1nto
any 1mmplicit analysis of shape.

Designing algorithms that derive 31> models from 241 or 21D images
has 1 fact proved rather 1ntractable. Partly for this reason, attention has
recently turned to the possibility that we store something less than 31>
models of objects. "The 31D model theory also predicts that we should be
equally good at recognizing objects from odd angles, and this proves not

, G ould we then really operate with 21D representations, either one or
trmu_\,, and some method of mental rotation, or is a notion of canonical
otientation built into 31 representations?  We must here leave these
current debates to one side (but see BUlthott 1991; Gibson and Peterson




1 p- and the conclusions to this paper), although they are very pertinent
to the central questions about the relaton of language to vision since
they concern the nature of the final output of the purely visual
process.

2.2, Vision and language

The theory of vision seems ar first sight far removed from linguistic
description. Obviously, there is a close connection in the conuao of
language in the visual medium, whether in sign language or wriring. But
equally, 1 the case of spatial descrption, there is potentially the very
same corrr wr as in visual encoding, namely the descriprtion of whar 1
see before me. Here, judging from standard works on the linguistics of
spatial description, the level at which the visual processing and the
linguistic categorization coincide would be an enriched  ossrrvEa
cENTERED perspective view of the visual field.”

Only an observer-centered perspective can account for the kinds of
notions encoded in the English projective prepositions:  bebind the tree
means 'occluded by the tree from the observer's perspective!, @ the front
Of zhe tree means 'on the line of sight berween the observer and the tree’,
to the lefr Of the tree means '(with the tree in the middle of the observer's
visual field) to the left side of the visual field from the observer's point
of view', and so on. Many non-Indo-European languages (e.g. the
Northwest Coast Amerindian ones) make distinctions in their demonsrra-
tives berween 'visible' and 'invisible' from the speaket's point of view.
Spanal deixis in general is organized around the observer's point of view:
1o come here involves motion to the point of speaking/observing. On the
basis of a broad range of evidence of this sort one might suppose that
language raps into a final, composire stage of visual processing where
objects {(now analyzed and recognized by preprocessing in terms of their
inner coordinates) are reassembled 1n a perspective view, oriented with
respect to graviry and landscape, with deprhs calculated from the perspec-
tive point of the observer.

It would be in line with a thorough-gomg modularity of the kind
advocared by Fodor (1983} if language had no access to earlier levels of
visual processing. But there are tantalizing bits of linguistic evidence that
this is not so. For example, Casad and Langacker {(1985) report of Cora
that different prepositonlike constructions are involved in descrbing the
ail of a dog sticking out so that it is orthogonal to the line of view, vs.
aligned with rthe point of view. This looks like an opposition in shape
from the point of view of a two-dimensional visual array. ‘There 1s also



evidence from Tzelral and other classifier systems that in a number of
cases classifiers are applied on the basis of the 21D shape projected to the
observer, and not the 31 shape of the object from an object-based
coordinate system. For some further examples of such phenotmena see
section 5.4 below.

To this sort of anecdortal fact, 1 would now like to add the facts about
"I'zeltal body-part terminology, as generatively used to segment objects.
These would seem to argue forcefully for a direct connection between
language on the one hand and on the other the visual processes involved
in object recognition BEFORE objects are integrated into the perspecrival
scene from the viewpoint of the observer.” Now one might think that
any object naming would be based on such processes - and certainly it
must be based on the ourru1 of such processes (i.e. object recognirion)
- but in this case we can argue that there 1s linguistic access 1o the very

processes themselves (1.e. the analysis of the internal volumetric geometry
of objects).

"This observation is hardly going to shake the foundarions of modulariry
theories, because Marr already allowed that there tmght be "top-down"
feedback in 31 objecr recognirion (for example in dim light, if T think 1
see 2 man in the bushes, 1 may use that informartion to trv 1o further
resolve the visual image). But it does have an imporrant bearing on an
architecture for the interaction between modules. Jackendoff and Iandau
(1992 [1991]: 121) for example argue that vision, touch, language, and
other "input” systemns all deliver to a central spatial representation systein
that "1s relatively rch in its possibilities for describing object shape; but
it is relatively limired in the way it can use object shape to encode spartial
relations." They point to the neurological evidence thar there are disrinct
neural pathways for object information (the "what" system) and location
informarion (the "where" system}, with the "where" system weak on
shape conceprualization. And they hypothesize thar this neurological
specialization is directly reflected in language, so that many shape distinc-
tions can be made in object names, but not in spadal relators like
prepositions. The present observartions, if correct, would seem to require
ar least some modification of the theory. First, the Tzeltal body-part dara
argue that there 1s inguistic access not only to the output of the visual
process of object recognition, but also 1o the internal volumerric analysis
upon which such recognition depends. Second, the Tzeltal body-part
system would seem to show that a rather nicher geometric descriptive
system can be utilized to specify "where" information, that is, to describe
the ground configuration, than Jackendoff and l.andau (1992) originally
supposed. W
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3. Body-part system in Tzeltal
3.1 Locatives in Tzeltal™

Tzeltal locatives have the peculiarity, from the Indo-European perspec-
tve, o giving a great deal of informarion abour the figure (the object 1o
be found) and relarively little about the ground (where 1o find if)." In
English the phrase opposite the supermarket adumbrates a scene, since
apposite presupposes an orthogonal across a separating strip. But Tzeltal
has only one vacuous preposirion ra, while enforcing a choice berween a
myriad o/ srative locative predicares with detailed selection restrictions
describing the shape and onentarion o/ihe figure. ‘1hus a minimal locative
expression might be, for example,

(1) pachal to mexa bojch
sitting-of-wide-container at table gourd-bowl
STATIVE ADJECTIVE PREP PHRASE SUBJECT
relation ground figure

"the bowl is sitting on the table'

Ifit is desired to be more precise about where in relation to the ground
object the figure 1s, then the ground can be segmented 1nto its parts,
labelled by animate body parts on an analogical basis. Then the figure
can be said to be in connguity with that part o/ the ground. Thus:

(2} waxal to x-chikin mexa to p'ine
standing-of-vertical-cylinder Al its-ear table the pot
STATIVE ADJECTIVE - pREP PHRASE SUBJECT
relation ground figure
‘the pot is standing at the corner 5 the table'

It is understanding this application o pocty perrtosnyszy that is the focus
@/ this paper. However, some g/the lessons learned from the study of
the body-part terms may have equal application to the study (_)f'fl{(:
positional and other roots that are the base for the stative adjective stems
lustrated 1n the two examples immediately above. The reason is that
both body-part terms and the roots o/ such stative predicates encode
sensitive specifications o/ shape. The principles underlying these shape
specificanions are in many cases the same or highly similar, and rhere are
then interesting sezs of implicational relations berween the two sets of
rerms.”" For example, body-part terms are (I shall claim) essennally
oriented to the internal structure  of phjects, and so are most stative
predicate roots; however, unlike the body-part terms, the predicate roots
often encode in addition an orientation to a wider frame, typically the
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vertical dimension given by graviry. Thus in the first example, the predi-

cate pachal, sortally restricted 1o hollow objects whose orifice is as wide
as the greatest width and whose height does not exceed thar widrh, asserts
that the subject (here referring 1o a bowl) 1s vertically arranged so thar
its base (or 'butt') is downward; the contrastive predicate 7#/#/ asserts
that the base ('burt') o7 the bowl 1s upward. The predicate waxa/ is
contrastive 1o both, since it describes the verrical orientation 272 hollow
cylindrical object, whose height is greater than its width, standing on its
butt'. In this sort e/ 2y, the specification o/ the lexical content e/ the
predicate roots makes essential reference 1o the body parts @/the presup-
posed class of subjects, and because the appht,auun o7 the body-part
terms themselves depends on shape, partly for this reason shape restric-
tions are imported into the predicares concerned. However, the shape
restrictions encoded in body-part terms are perhaps o/ 4 coarser grain
than those found in the stative predicate roots, so they make a good
starting point for the study oy shape constraints in the Tzeltal lexicon,

But before proceeding, 1t 1s essential to set the locative resources
embodied in the body-part terms in the contexr @/a wider set o/fesources
for describing the ground, the region w here the figure Uh;('ﬂ is located.
The body-part terms have expressions thar are close synracric and func-
ronal kin, the relational nouns. For example, 7o s -/0/ mrexca 'at its-head
table, i.e. at the head r;f‘rhc: table', 1s clearly closely related to the
construction fo s-ba mexa 'at its-top table, 1.e. on top of the table'. Burt
the former constructon is a body-part construction, the latter a relational-
noun constmucton." What's the difference?

The answer is that body-part rerms belong to a special form class, with
distincrive morphology and its own semantic properties, which includes
oy course the names for human and animal body parts. When these are
possessed, in the construction POSSESSIVE-NP I + NP2 (e.g & jo/mexa
i1s-head rable”), NPl is understood to be a physical part "’f\”m (for
example that part g the table that can be called 1ts 'head’). Now 1n
contrast the relational nouns do not primarily name parts 2/ objects,
they name something more abstract: for example a region projected
underneath or above an object, 2 midpoint on a line drawn berween two
objects (or along the main axis e/ one object), and so on. In the construc-
tion POSSESSIVE-NPIL +NP2 (eg. s-ba mexa 'its-top table’), ba is not
construed as a part o7 the table (as pe lh‘lp‘\ the English gloss may
suggest): if the table is upside down, the sba is the present upper surface.
Or even more clearly in the relational noun construction_y-@/& "o/ ze’ "its-
upness the rree, i.e. uphill of the tree, the 'uphillness' is not a part, not
even a property, o/ 1he 1ree. In shorr, ‘the possessive construction has a
different construal in the case efbody-part terms and relational nouns.
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The full set of locative relational nouns 1s given 1n Table 1 derived
from Brown (1991). She notes that $-2a. s-i5'ecl. and y-¢jta/can d‘ signate
parts, but I think 1t 1s clear that the y do not name ntrinsic patts 1 the
same sense as body parts. (1 do not think that having cut off the top or
side or edge of a table, you could now designate them with the erstwhile
relattonal nouns, although yvou could do so wirth the corresponding
body parts.)

‘There is a further striking semantic difference between body parts and
relattonal nouns, which this paper attempts to establish: body-part terms
1voke object-internal coordinate systems, relational nouns invoke exter-
nal spanial frameworks, especially absolure coordinate systems (e.g. vert-

cality, or 'uphill' [sourh] and "downhill' [north]).

3.2 The body-part terms

3.2.0.  Asolating the set: morphological and semantic criteria for body-part
terms.  What constitutes a body-part term 1 ‘I'zeltal? ‘The question 1s
not wdle. First, there are many rerms for human body parts that have
primary reference to the parts ()f vegetable bodies: lhus one talks of the
'trunk of the arm' (i-ze'e! &'ab), 'whiskers' are referred to by the term
for “roots' (¢sim), the flap of the ear is its “leaf’ (y-abenal x—»bz»ém) even
the word for eye (iz7) may have pnmary reference to 'seed’, and so on.
Second, there are a number of terms (the "relational nouns™) that behave
functionally and svatactically just like body-part terms but do not literally
name segments of bodies. Moreover, like body-patt terms they play an
essential role m locative expressions. If we are mterested 1n locatives,
pe [hups the bodily origin of terms 1s 1rrelevant.

But mn fact there are special properties of real body-part terms that
prove to be crucial. First thete 1s the question of noun class. 'T'o this day,
no one has done the lexicographical work required to sort out Tzeltal

lable [. Locative relational nouns

s-ba 'its top surface or edge’

y-ajk ‘ol 'its upness, its uphill region’

y-alan 'its downness, its downhill’/underneath region’
y-anil 'its underneat h'

v-uti! 'its inside'

v-ejtal 'its bottom surface or edge’

s-tojol straight ahead of it, on X's sightline’

y-olil 'its midline, middle'

s-glee! 'its side, horizontal edge’




nominal classes." But crudely, we can identify a class, let us call 1t class I,
of nominals that may be said to be "inalienably possessed” (Stross 1976},
These have the property that they normally occur with the possessive
prefix (identical 10 1zeltal to the erganve verbal prefixes), but where they
do occur unpossessed they must have a -V1 suffix (which never occurs
1n the possessed form)," as illustrared in (3):

(3) Nomindl class I' inalienably possessed:
possessor+root 5 jo/ 'his head
root+VI jol-0/ "head'
Members of the class: neatly all body parts, body products, kinds
of soul, kin rerms, clothes, etc."
(N.B. some body parts don't belong to this class: bak'bone', ob'ich
'blood' take -V1 only when possessed: e.g. s-bake! 'his bone')

In example (3), the citation form 1s jo/o/ but since this rarely occurs,
we will henceforth identify body-part terms by their possessed forms,
presuming a third-person possessor (the prefix 1s s- before consonants,
y- before vowels)." This leads to some translational absurdities, as 1
shall sometimes treat the possessed forms as 1if they were citatton forms,
but this will prove harmless enough.

There are a number of other nominal classes that contrast with this
class, for example a class whose members can only appear possessed
while simultaneously beanng the -V1 suffix, or a class thar never bears
-VI suffixes, etc.

Being a member of the morphological class 1 llustrated in (3) wié/
prove to be a necessary, but not suffiaent, condition for belonging to the
semantic class (describimg, when unpossessed, the mternal geometry of
objects) with wide locative uses that we are mrerested 1n here.

There are a number of other obligatonly possessed nominals that play
a crucial role i 1zeltal locatives that we specifically exclude here. They
do not meet the morphological condition just descrbed. Nor, on close
examinanon, do they share the same kind of semantics. A good example
1s the relational noun s&as 1t lacks the corresponding unpossessed form
#ha-il ot *ba-a/ necessary for inclusion in class It does not directly
denote a body part, although sba &'ab 'tops of the hand/arm' may be
used to descube the fingers.” The semantic contrast comes out 1n the
locative uses, where s-6a2 means roughly 'on the top of or 'above’,
contrasting B example with 572/ 'on the head of (as illustrated in
Figure 2). In many cases these will be extensionally equivalent, for exam-
ple when we are talking about something (e.g. a nail) fixed on top of a
vertical pole. But when the pole falls over, the nail is still 7 s7o/'at its
head' but not & s-ba 'at 1ts top’. The vertical dimension, and indeed
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N

to s-ba "at/ on its top” to s-ba 10 s-lo
to s-jd "at/ on Its head' ('ta syol) ('ta s-ba)

Figure 2. The vertical: relevant to positional nouns, irrelevant to body parts

orientation generally, is not normally relevant to the assignment of body
parts, but it or another absolute coordinate is mostly crucial to the
assignment of locative relational nouns like s-ba (or the other terms in
Table 1). This abstraction away from vertical orientation in the body -
part system makes an important contrast with English and the theory of
perception based on English usage 23

3.2.2. The body part terms.  Tyeltal offers fine-grained segmentation of
the anatomies of animate entities. The outline in (4) gives some idea of
the numbers of terms involved and refers the reader to sources where
more or less exhaustive lists may be obtained.

(4) Numbers of body-part terms

(i) human body-part terms: ¢. §() primary terms (Stross :ae:,
plus many compound terms with "metaphorical” base; for
example “nose of breast'=nipple; 'head of leg/foot'=knee;
"neck of leg/foot'=ankle

(i) animal body part terms: c. primary animal/human terms,
only 10 restricted to animals (homs, feathers, ete.) (Hunn
1977)

(i) plant parts: 116 terms, of which 2/ occur also as human part
terms (Berlin et al. 1974)

The diagrams in Figures 3 454 4 show a subset of commonly utilized
body-part terms for a human and a bovine body respectively, simply to
give an impression of the density of terms in everyday use. The terms on
the right-hand side of each figure are the major ones generalized to parts
of inanimate objects.

Now these three domains, humans, animals, and plants, provide the
sources for the terms applied in the inanimate domain, to describe the
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skt y-akan \.

snuid y-akan i) H

s-bay-akan - y-ake
y-alalil y-akan-y

y-okBCh'lmW.’m;' « soma extended uses Lo parts of non-animal bodios
Figure 3. Major external human body-part terms

parts of nonliving entities. It is this application to inanimate objects that
is the focus of this paper. The number of such body-part terms app}icablc
to inanimate objects is very much less, of the order of 20-7 Thus
we have a situation like that expressed in (5), which expresses a
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Terms not generalized

te-r S0l “head”

oY

oo sne 'l

y-akan

s'ab "hand/ammfront legs-
"P "nose"

s-jol Y-a'

“head of the upper leg® st epputhnips"”
' y-e€moutMeeth"

Figure 4.  M@or cxternai animal body-part terms

tamihar higrarchy, corresponding perhaps to an implicit four-category
ontology:

(5) Domain Primary terms Terms transferred to inanimates
I human c. 80 16 terms from either I or 11
II animal c. 60 I term clearly from 11
11T plant c. 80 37
IV inammate c. 20 0z

The 20 or so tenms frequently transferred to inanimate objects are given
in Table 2. Only 14 of these are central, in the sense that they clearly
meet the morphological and semantic criteria and 1n addition have fre-
quent apphcaton to inammate objects; three more are reasonably fre-
quently used but do not clearly have central reference to anmimate body
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Table 2.  Terms frequently transferred to Inanimate objects

Root+VL Source caegory Possessed form

a The core set:
jol-ol ‘head' 1,11 to s-jol 'a its head'
pat-il ‘back' 1, 11, IIT tospa 'a its back
ch'ujt-il ‘belly’ b to xch'ujt ‘a its belly'
akan-il ‘foot' 1,11, III to y-akan ‘a its foot’
k'ab-al ‘arm’ 1,11, I tos-Kab 'a its arm'
it-it 'rump’ 1,11, II1 toy-it 'at its buttocks'
ni‘-it 'nose’ 1, II, 111 to sni' 'a its nose'
elaw-il 'face 100 to y-elaw 'a its face'
ti'-il 'mouth’ I,1I to s-ti'(il) 'a its mouth'
chikin-il ‘ear’ L to x-chikin ‘a its ear/fcomer’
ne-ilf?) 'tail' if tosne ‘a itstall'
nuk'-if ‘neck’ L 1I to s-nuk’ 'a its neck
efil ‘teeth’ I,it to yej ‘a its teetht®
sit-il ‘eyes’ 1,11 to s-sit 'at its eye" %7

b. Some cases of unclear kind and origin:
ok-if?) ‘footing’ [ or IIT? toy-ok 'a its base'?®
vk 'flank v? to x-xujk 'a its side™?
uxubil(?)  'navel IorIv?., toy-uxub ‘a its navel’®

¢ Some cases with margind extensions to inanimaes:
ak'-ul 'vine' I toy-akul at its vine ™’
te™el 'tree’ I to s-te'el at its trunk =2
isim 'whiskers 1 toy-isim 'at its roots'
(or ‘roat’ il toy-isim 'a its whiskers ??)
bak 'bone’ I to s bakil 'a its hard-core'J®

parts and may derwve from other sources - of these only ke "side’ is
functionally important. The four last examples in (¢} don't really belong
at all, because they fail the morphological test and have very specialized
uses: they modify other descriptions (5-z¢"¢/'trunk"), or describe a rexture
as much as a part (y-Zszms "whiskers"), or have to do with internal structure
(s-bak-if). 'T'hey are included here to show that there are a number of
additional body-part terms that may occasionally be used in the inanimate
domain but play a mnimal role in the locanve system.

33.  Body-part metaphors??
It seems natural to think of the relation between the animate and the

inammate domains as one of metaphorncal transfer. 1 think that in certain
respects, to be made clear presently, this 1s a thoroughly misleading
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conception.  Bur firsr, let us explore its inruitive appeal, which is
considerable,

On this analysis there are three source domains, namely (I} human
body parts, (I} animal body parts, and (111} plant parts; and one target
domam: (IV) inammate physical objects, corresponding perhaps to a
fundamental set of ontological distinctions: (1) humans, (11} beasts
{quadrupeds, also feathered bipeds), (111) plants, and {IV) residual set
of physical objects.

The "meraphorical” applicarion of the body-part terms to manimates
has none of the flavor of nonce metaphor: these terms just provide, mn
cach case, the correct term for the part of the object 1n question, ofren
without alternatve. How then can we be sure that the metaphorical
transfer 1s not the other way around, from manmimate to amimate? For
example, given the term y-akan, which has equal reference to the handles
of implements and to the legs of anumnals, which 1g prior?

Clearly, one should appeal to the theory of metaphor, such as 1t 1s.
Meraphors are typically (a) from more concrete to more abstract domains
(the heart of the theory), (h) from better understood, better articulated,
to less clearly articulated or less precise domains (i column of smoke).
On those grounds, one expects the inguistic expression in question when
applied to the sOURCE domain to have more specific and precise meaning;
when applied to the TarGur domain to have more general, more schematic
meaning. IHere then are some putative tests, to be taken as jomntly indica-
trve of which domam 1s source and which target:

Criteria for identifving source vs. target domains
@ more exact application: for example 77 'eye of animal’ vs. "any
(i)  restricted number of identical parts: for example oz head’, only
one for humans, but two possible for boxes, tables, boards, etc.
Ok, x-chikin ‘ears": only two for anumates, up to four or more for
manimates
1) source combines two or more schema, targets choose subset: for
example s-#"'mouth" (1) onfice, (1) edge or outline of 2D plane,
(1) 3D ring or band {cf. lips), (1v) closure or 'stopper’ of onifice:’
cf. 'mouth of fire'=circle of hearth
'‘mouth of house'=door {orfice, closure)
'‘mouth of pot'=lid, or lip, or orifice

These criterta would help to establish that the mappings 1n question are
FROM animate domamns 1, 11 and 11 1o IV, the manimate objects. But
they do not 1 general help us to decide between the source domains,
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and especially berween I and 1L In general, 1t seems that all three domains
may be 1n play as sources of the relevant "metaphors,” providing compet-
ing Schema (sets of configurational and shape 1deas) for the mterpretation
('tht':qui-_!‘(if shapes and parts of manmmate objecrs.

The reader may get some mnmutuve grasp of the alleged mappmgs by
looking ar Figures 5, 6, and 7. Figure 5 shows how "nose’ may be
associated via the human model with a small protuberance, but via the
animal model with the 1dea of the “leading point’. Figure 6 shows how
the notion of ‘mouth’, taken equally from human or animal models,
encapsulates the 1deas of not only ortfice, but surrounding edge, ning of

material, and ‘stopper’, the entiry closimg the ornifice. Figure 7 shows how
it may be essential to have three distinct source schema, one for each of
the animate domains, in order to explain the very different mappings of

Figure 5. Purative metaphorical exiensions of nose’
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adge & border & orifice

§
2
=1

edge &border&
oritice & closure

\

'
7

band or

(stool for tortilla making)

%

{hearth)

Figure 6. Putative metaphorical extensions of ‘mouth’

a term (here "back’) to the mammate domam. One can detect the operative
source domain for the mammate application of the term by seeing whether
‘back' 1s mnterpreted as vertical (human source), honzontal (animal
source) or spherical (plant source, where “back' means “skin, bark,
peel). Thus:

s-pas (1) "back (of human)": the far VERTICAL side of object (the object 15
like a confrontng human)

speat (11 "back (of animal): top honzontal facet

spar (111) “skin of fruit, bark of tree”: 21D encircling surface

Although there 1s not much written about highland Mayan body-part
terms (but see e.g. de Leon 1992a, 1992b), this 1s the inturtive analysis
one suspects students of these languages have had i mmd. Certainly,
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Figure 7. Pulative metaphorical extensions of ‘back' via three source domains

students of other Mesoamerican languages with similar body-part systems
have advanced metaphorical analyses, most recently 1n the framework of
"cognitive semantics” (Brugman 1983; Lakoff 1987: 313ff.; Macl.aury
1989)." Macl.aury (1989) i particular compares the body-patt systemns
of three Mesoamerican Otomanguean languages, noting that although
metaphorical applications differ 1 detail, the general metaphorical genre
1s "diagnostic of the Mesoamencan diffusion area." % The process at tirst
sight seems natural enough, and 1f the 1deas of metaphorncal extension
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are rather vague, that's in the nature of metaphor: as Lakoff (1987: 314)
opines, "we can understand the Mixrec system because we 100 have the
capaciry for meraphorical projection of this sort, even though our concep-
tual system is not conventonally organized in this way. Systems like this
are neither rare nor obscure.”

Bur is the meraphorical analysis right? 1 have some serious doubts.
First, if there is an ongoing "fresh" meraphorical process at work, why
are the terms thar ger extended tusT sy and no others? Why is y-akan
foort, lower leg' extended 1o inanimates and not y-a' “upper leg'? Why
x-ch'uyt "belly' and not s mrozh ‘flank'? Why sesbikin “ear’ and not s nejkel
“shoulder'? If the answer to thart is, these are "dead meraphors,” then
how can one account for the rapid and natural extension to brand new,
unfamihar objects, or familiar objects that come in never-ending varieties
of shapes (like stones)? This extension to novel objects moreover is not
now like "fresh" metaphor, where one speaker may invent a novel appli-
cation based on shape, which may be more or less apt. For although
there are often different possible rival schemes, informants are quite clear
abour whar 1s not a possible scheme, even where free meraphorical
transfer would suggest its adequacy. One of these limitations is that free
metaphorical transfer would narurally involve some kind of Gesralr of
the source object, complete with derails of 1ts normal position and beha-
vior; thus the process should narurally include notions like  momicar
orientation, normal direction of motion, dangerous end, ete. But these seem
not to be involved.

In short, the problem is thar the application of body-part terms is a
generative process, vet the application of transferred terms is strictly
controlled both in the terms thar may be borrowed and in the way they
may be applied. The conrrols do not look meraphorical in narure, that
is, applied by some loose analogy. They look algorithmic. I shall now
ry 1o demonstrate this for the core of the system. In doing so, we shall
leave behind the norion of meraphor enrirely. Further, we shall abandon
all "top-down,” knowledge-based processes altogether.

4. Howto compure the application of Tzeltal body-part terms

The theory abour 1o be advanced mainrains thar the core of the Tzelral
h()dy-])arr'T(:'rmiﬂf,)lngy is quite strictly an  umer CENTERED sYSTEM: fhe
terms are applied as if the objects were novel entiries encountered in an
orientationless void, for example, weightless in ourer space! Moreover,
the process 1s "bottom-up,” invoking no world knowledge, and thus
excluding comparison {metaphorical or otherwise) to other enriries.
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Rather, the terms are applied on the basis of the internal geometry of
the object irself. Only ar the margins of the system, when the 1internal
geometry of objects leaves arbitrary decisions open, 1s an external refer-
ence frame or functional knowledge secondarily involved."

In fact all that is needed 1s the very system of object analysis that Marr
and followers have argued 1s independently required by the visual system
for the recogninon of objects. Thus the analysis can follow closely the
system of volumerric analysis posited in the theory of vision.

In order to apply the terms, a compuration of the inner geometrical
properties of the object must proceed in a number of distincrt srages.
These are the following:

L object segmentation;

1. finding the main or "model axis," and mapping generalized cone
structures along this generating axis;

ut. derermining the directedness of the model axis;

iv. applying terms to the two ends of the model axis;

v. locanng secondary projections from the model axis, analyzing these
secondary axes for angle in relation to the main axis, and finding their
associated volumes:

vi. naming these projections on the basis of shape;

vii. naming surface features or protrusions.

We shall take these in turn.

4.1.  Object segmentation

Object recogninon requires analysis of wholes as assemblages of parts
- partly because one never sees the whole from all aspects at one nme,
partly because we may need 1o guess the existence of an object from
seeing a part, partly because nonrigid objects cannot be recogmzed with-
out understanding the porental movements of the parts. Needless 1o say,
the naming of parts presupposes the same process.

In the theory of vision, 1t has been shown thar for a large range of
cases the processed rerinal image of an object can be compurationally
segmented on the basis of {a) the assumpuon that it 1s construcred of
generalized cones, and (b) some simple heuristics (Mary 1982: 314}, The
heuristics basically wmk lw looking for regions of sharp concaviry along
the outline of the object and then segmenting across on the shortest route
to another concavity or at least flar surface. Thus we can segment the
parts of a donkey on the basis of its silhouerre (Marr 1982: 315). Recently,
a considerable amount of work has gone into the mathemauncal basis for
this kind of algorithm. It has also been shown that the algorithms
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correctly predict perceprual reversals; for example 1 figure- grnund rever-
sals (of the Necker € ube, or better, the Rubin vase- face, type) what was
concave becomes convex, and therefore we see different parts, as predicted
by the theory {(see for example Hoffman and Richards 1984).

A simular process must lie behind the segmentation of objects presup-
posed by the Tzelral body-parr sysrem. We gave hine drawings of human
and animal bodies ro informants and asked them to draw lines at the
diviston of the main parts of the bodies. The divisions were of the kind
shown in Figures 8 and 7 Despite the fact that Tzeltal body parts are
rather differently segmented than English ones (e.g. there 15 no disuncrion
between hand and arm), most of these divisions would be predicted by
the "split at sharp concaviries" rule. s With respect to Figure 8, the
human figure 1s thus split across the top of the legs, from armpit to
shoulder, across the neck, and at a more sensinve level of discrimination,
across the knees. With respect to the bull in Figure 9, the division mto
tail, forelegs, neck, head, erc., follows the same rule. In both figures,
there are some internal divisions that could not be predicted from these
stthouettes, for example flank and belly for both man and bull, although
1 the case of the man, belly would be recoverable as a concave or convex
shape in a side view." However, 1t 1s the segmentation of inanimate
objects that we are particularly mrerested 1n here, and we have as yet
administered no comparable task mn that domain.

4.2.  The primary or "model axis”

4.2.1. Finding the miain or ""mrodel axis.” If we follow Marr's o g al
ideas, the model axis - or main internal coordinate of an object - 1s
found &y attempring to map a generalized cone onto the segments output
Ly the segmentation process. As mentoned, generalized cones are shapes
generated 4y constant cross-sections of potentially varying size drawn
along the generating axis {e.g. a vase shape), and they have the mrteresting
property ot being 3D shapes recoverable from a 2D silhouette.

The top row {a) of Figure 10 shows three stmple shapes that might be
tound among houschold objecrs 1n Tenejapa {e.g. a rin or pdl bottle, a
clay por, the flar cylinder of the base of a frying pan).' The generating
axes of the relevant generahized cones are as shown by the arrows. Where
more than one generating axis could be drawn, the mam axis will be
assigned to that which generates the generalized cone with the greatest
volume. In gcuc’ral this will be the longest axis of the object {as 1 the
can and pot), but somenmes 1t may be a short axis {as i the case of the
frving pan, where the handle would form an axis of less volume).
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Figure 8.  Native-speaker segmentations of the hwnan body
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zgure 9. Native-speaker segmentations of the animal bady

In the case of 2D objects, the main axis 1s assigned to the longest axis
of symmetry, that 15, the longest axis about which the shape reflects. The
second row (b} of Figure 10 llustrates how this would apply to the leaf
of a vine, the leaf of a fern, and a plank (rreated for these purposes as
two-dimensional like a strip of paper).

422, Finding the directedness of the model axis.  The next problem 1s
to assign a direction 1o the model axis, which may be thought of as a
directed arc. The importance of this assignment 1s just this: the direct-
edness of the arc 18 the nrrinsic orenration of the object in question.
There are various ways 1n which this assignment might be achieved, but
I shall appeal to an interestung theory of the causal mterpretation of
shape developed by Levton (7989).*" This is a narural extension of the
analysis of wholes 1nto parts by the segmentation process mennoned
earbier, and 1t relies on the same basic processes. It 1s a mathematical
theory of how all outline shapes can be reduced to sequences of sharp
V5. mild convex or concave curves, and how each of these primitives has
a natural mterpretation as the result of a causal process. Thus for example
a sharp convex fingerlike shape, with concavities on etther side where 1t
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(a) Major longitudinal axis that will generate a generalized cone

v} 20 shapes: main axis of symmetry

Figure 10.  Finding the model (or main) axis

joins the main body of an object, will be interprered as a growth point,
a protrusion; while a flatrened convex curve {(withour bounding concavi-
ties) will be interpreted as a "squashing,” a process of an mnner force
yvielding to a greater outer pressure {see top of Figure 11). Parts of objects
{amumate or inanimate) can be identified with protrusions, and as Leyron
(1989: 363) puts 1t, "A part s a erocrezy 1015 2 vy
concept.” =

The algorithm for finding the head (or arrow) of the directed arc
should basically idennty the head with that end of the model axis that

ORrAD, OF CaATsAz,

ends 1n a protrusion or the sharpest convexity. Equally, the head of the
arc may be assigned ro the end of the axis opposite the flattest, most
"squashed" end. This will mnvarably give the right resulr, as in row {a)
of Figure 11, except possibly for hollow objects to be discussed later. But
what happens where there 15 symmetry of both ends of the model axis,
as 1 row (b) of the figure? In this case, erther the axis 1s assigned two
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shau) Icon»;cxily "profysion”, —
- arowth-point, perhaps direction of mo
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N ./

flat curve - "squashing”
{a) ‘buds’, point’, bulging protrusions - direction of axis

s’ sr

(b) Atbitrary or doub le-headed
s-Jol

{¢) The special case

A sphere has no unique axis.
Thereforeno "s-Jor.

Figure 11.  Finding the direction of the mode/ axis

heads, that is, it is bidirectional, or an arbitrary decision is made. Only
where an arbitrary decision is to be made may information from outside
the object itself be brought to bear - specifically, by relating the head
of the arc to vertical "up"” as given by gravity. But this is not obligatory,
or even especially common.

There is a special case of importance: the sphere. This is the one shape
where there are infinitely many "longest” axes in all directions.
Consequently a sphere has no unique model axis (any will do to generate
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it as a generalized cone). and no direction or intrinsic orientation can be
assigned.

Hollow objects appear to lic outside Leyton's generalizations." How
to assess a hollow end? Suppose the model axis has been assigned such
that it generates a generalized cone one of whose ends terminates in a
void. The void itself (at the axis point at least) has no shape: therefore,
attention should be paid to the shape of the other, solid, end. If this is
flattened, assign the head of the arc to the hollow end (by the corollary
described above): if pointed. assign the head of the arc to the solid
(pointed) end. This would predict that a hollow paper cone would have
its head at the point, but an opened tin can should have its head at the
open cavity." A hollow cylinder open at both ends (like a roll of fencing
wire) should be assigned bidirectionality or an arbitrary head. As far as
I can determine, these are the correct predictions.

423 Assigning terms to the ends of the model axis: y-it vs. s jol/s-nis-
ti.  We now have for cach object a model axis and its two distinct ends.
Linguistic labels are now assigned to the ends in a very straightforward
way. as indicated in Figure j2 The base of the arc, opposite to the head
of the "arrow." is almost invariably assigned the term -y 'buttocks'.
This fits well with the flattened convex shape that Leyton (7989; associ-
ates with the interpretation "squashing"; but regardless of the presence
of such a shape, the term is the same. Thus a knife has g y-jr at the end
of the handle. opposite the point, regardless of the shape of the handle.
And once the head of the arc of a plank, or carton, or other reversible
shape has been assigned, y-i7 is the reverse end even though the shape is
square or cubic."”

The naming of the head of the arc is a little more complex. There is a
default term s jol 'head', overridden by terms determined by specific
shapes of the extremity. Where the extremity is pointed, or has the sharp
convexity of a Leyton "protrusion.” the term applied is invariably s-p;’
'nose'. Where there is a protrusion, but with more gently curved, circular
outline and only minor concavities on either side of the outline. the
proper termis /ol "head'. Where the head of the are lies in a hole, a
void, because the object 1s hollow like a container without a lid, the term
is invariably s7/" 'mouth'.” (Where the head ends in a wide flattened
rectangular or oval surface, the term seems 1o be y-elaw 'face’, but [ am
short on data here.) Otherwise, if none of these shape conditions apply,
the termreverts 1o § jol, now without any shape commitments. Thus the
head of the axis of a board. or a table, or a rafier is simply s jol

Now note that this analysis correctly predicts that a sphere, because it
has no unique model axis, has no g jo/ and no y-it. Any analysis that
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(a) Base of the arc . y-ft 'b-buttocks' AT

] S g e
(b) Head of the arc s-tP'mouth”
s-nl1 "nose’'
S-fead' i
rounded shape pointed shape ;

otherwise default - s-lol -head-

Note: The sphere has no "s-lol’ and no Y-I since it has no unique axis.

Figure 12 Naming the ends of the mode! axis

brings in non-object-centered coordinates like gravity will incorrectly
predict that a sphere has in effect a top and a bottom - but in Tzelral
it doesn't, or rather it has no sye/and no y-iz.

At this point we should mennon that for all Tzeltal object-part terms
there 1s an ambiguity over whether the terms label points/edges/surfaces,
on the one hand, or volumes on the other. My assumption 1s that for
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the central volume of an object (i.e. the volume generated along its model
axis) the terms prmanly label points, edges, and surfaces and not vol-
umes. They can then be extended to vield volumerric parts, for example
1d to be o y-z¢ "atits -butt’ even though
it is on the inner surface, and this is because the tern here has a volumettic
meaning. In contrast, terms labelling axes projecting from the model axis
prmarily label the associated volumes, as we shall see.

The reader should note that although terms like s-" #2// continue to
be glossed "nose', etc., on this analysis they are stripped of their bodily
associations: s-#7' simply labels a pointed protrusion at the head of the
main axis of an object, while y-7# buttocks' simply means base of the
model axis, devoid of colorful allusions.

a stone inside a bucket can be

4.3. Finding and naming sides of the central volume

So far we have sketched the outhnes of an algorithm for finding and
naming the ends of the central volume of an object. ‘The central volume
of an object 1s often the onlv volume, and in any case it is always crucial

to object recognition. Thus 1t is important now to assign names to further
facets of the central volume. T'o do this, we must decide which is the
main secondary axis, roughly orthogonal to the central axis. Having
found thar, we then have two designated facers, those 1n which the
orthogonal axis terminates. These can then be named according to shape.

4.3.1. Finding the orthogonal axis. 'Lhe conceptual problem here is that
the orthogonal axis can be drawn at any of the 360 degrees around the
central axis, as illustrated 1n Figure 13(a). To fix the angle, we need a
procedure. The procedure 1s 1o find that section through the objecr that
would vield two paired symmetrical halves or rather REFLECTIONS about
a hine. The hine of the section can then be taken to be the orthogonal

s. T'his 1s llustrated 1 Figure 13(h), which shows, first, such a section
lhtc ugh o 2 ‘amal-te' "traditional stool' and a machete. Note that for a
generalized cone with circular cross-section like a pot, there will be no
unique solutton. For flat objects like a leat or board, we can get rwo
symmetrical parts (reflections of each other} by cutring the flat surface

along the model axis into two staps.

4.3.2. Finding the direction of the subsidiary arc and naming the
sides.  'The ends of the secondary orthogonal axis now point to two
main facets of the object, which are thus orthogonal to the secondary
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(a) The problem

V4

model axis

(b) Find section of symmetry

no unique
solution

Figure 13 Finding the secondary orthogonal axis

axis 1rself. We can now proceed to assign the directedness of the secondary
arc (to find the head of the arrow, as 1t were})."

The direction of the subsidiary orthogonal arc 1s assigned thus. Find
the surfaces pointed to by each end of the arc. The head or arrow of the
arc 1s that end that poimnts to that facet that has the flatrer surface and
that 1s also less complex, t.e. has fewer further subfeatures. Thus in
Figure 13(b), the head of the arc 1s toward the surface of the #X'amal-te'
“stool' facing away from us 1n the picture (this 1s the flat sirting surtace;
see also Figure 14). Stmilarly the back edge of a knife or machere,
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although only a thin surface, is also pomted to by the head of the arc
because the outline 1s less curved than the kaife-edge, and also flarrer
across its narrow width.

What happens where there 1s no unique secondary axis, as when the
section of the generalized cone 1s circular? Well, then, there can be no
unique head 1o the secondary arc etther.

Whart happens when the orthogonal axis pomts to two more or less
identical surfaces? This will often happen i the case of {effecuvely) flat
objects, for example sheers of paper or planks of wood. In this case, just
as with the model axis, we can have bidirectional axes, or an arbitrary
deciston. Again, i a similar way to the orientation of the model axis,
secondary factors may enter into such an arbirrary deciston, factors of a
non-object-centered sort: 1 this case detctic factors occasionally intrude
mto Tzeltal {so that “surface away from me'=head of secondary arc).

Now we can get down to naming. The head of the secondary nrtlm—
gonal arc 1s invariably called s-pa “irs back'. This predicts of course lhar
the flatter surface, or the surface with fewer features, 1s called sjuf
Thus the #g'amal-te' “stool' in Figure 13(b) clearly has a spar facing
away from us {see also first figure m Figure 14). Simularly the back edge
of a knife or rmchc‘t(‘ although only a thin surtace, 15 spaz, because the
outline 1s less curved than the knife-edge. Tenejapan houses have minimal
features, mostly lacking windows, but they do have a door, so the less
teatured side 1s what we would call the back, and 1t can be designated s-
pat. (In actual fact there are rival conceptualizations of houses, about
which more larer.) FEven something as seemmgly symmetrical as a chile
pepper can have a spat, being the smoother, less-curved surface, lacking
a curving point (see Figure 14 top row). 1n short, once one has hold of
the flatter, less-featured surface (concetvable as the "head' of the secondary
arc), one has the object’s spas.

Now we need to name the opposing surface, at the other end (the
base) of the arc. lere the name depends on the shape (reversing the
pattern on the model axis where the name of the head of the arc depends
on shape, but not the bottom of the arc). If this surface 1s {compared to
s-pat) relatively curved, whether concave or convex, 1t 1s named ~-ch'#t

belly', as shown 1 Figure 14(b). If an object has two flat sides, and one
has been arbitrarily designated spaz (facet at the head of the arc), then
the other 1s_y-edaw “face" thus a door has 4 spat and y-elan burt this
cannot be predicted by, for example, which side faces the ourside - 1t
will vary on occasions of use. Sometimes, but not necessarily, the assign-
ment will be determuned by deictic criteria (see Figure l'n[blj It 1s possible
that some flat objecrs have a rendency to a fixed "mtrisic™ assignment
of spat and y-elaw. for example a leaf. Texture may be relevant here:
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.

(a) of the two surfaces, the flatter, less-featured - s-pat’back-

(b),opposirg surface: if concave or convex -xch'u)t'belly’; If flat y-elaw Mace'

{chile)

(c) circular section. where no unique solution

xch'ujt or s-pat

.
RN section
-

. 41
wide
xch'uj’belly

Figure 14,

Naming the sirfaces at the ends of the secondary axis

the less textured surface is perhaps preferably the yv-elaw; but there is

informant variation here, some preferring spar. As with doors, the varia-
tion suggests underlying arbitrariness with resolution by secondary char-
acteristics; indeed deictic factors may also be involved here, as one
normally encounters a leaf facing the y-elaw (Figure 15)

What happens with objects of circular cross-section, like pots, gourds,

and buckets, where there 1s no unique way of assigning an angle or
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Flat objects: y-elaw vs s-pat

(a) texture

y-elaw
s-pat

(b) delctc projection used to resolve arbitrary assignment:

y-elaw

f =P

‘e
1
s Jat —\\W
y-elaw <-——>-

Figure 15. Some additional motivating factors where the analysis yields only arbitrary solu
tionsforflat objects

ditection to the orthogonal arc? In that case again an arbitrary naming
decision must be made, and 1f the cross-section 1s of constant or constantly
mereasing or decreasing size along the model axis, then etther x-ch'zjr or
spars may be used to refer ro the ennre cylindrical surface. On the other
hand if the cross-secnion mereases and decreases, the possibility of a
distinction between a wide and a narrow cross-section arises, and rthe
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tormer 1s called x-ch'zjz “belly', the latter s-ank’ neck', as shown 1n
Figure 14{c).

Turning now to cubes and parallelepipeds (recrangular solids}, where
the sides have unequal dunensions, the analysis so far will give 'ulntmr\
5 jot and y-7¢ (or double s jot) along the major axis, y-elaw and spat
along the major subsidiary orthogonal. This leaves two sides, which are
both given the term xmaapk, which names an object part and nor, 1t seems,
a l)ody part (it may have application to bodies, but no part of a body 1s
so uniquely named). In a rectangular solid with a lengthened axis but
square cross-section, the sides may all be labelled x-¢h'nj¢ 'belly' (especi-
ally 1f they bulge shghtly), because just like the endless 'sides’ around a
pot (x-ch'ujz), there 1s no unique solution to a location of the secondary
orthogonal axis (see Figure 16).

Thus on this analysis the assignment of facets and their names 1s
determined strictly by the geometry of the object. Where the geomertry
offers two alternatives, we expect two natring possibilities. Where 1t offers
a continuous range of possibilities, as around the circumference of a pot,
we expect a name for the continuous surface. And so on.

It 15 mstructve now to compare the assignment of spat by the theory
of metaphoncal transfer sketched 1 Figure 7. T'o account for the varous
rempretations, we needed there 1o refer to three distnct source domains
or schesza, the vertical human back (to ger for example the vertical facet
of a door), the horzonral back of a quadruped (to get the apphcation
to the horzontal surface of a stool} and the sphencal outer surface of a
fruit or the cylindrical outer surface of a rree (to obtam the ’rpphc:'m('m
to the walls of a bowl or pail). The problem with that account is that it
offers many compering interprerations of for example a squar upright
cvlinder or ovoid {e.g. a tuna or herring tin} - 1s the s-par a part of the
vertical side, the top surface, or the entire vertical surface? In short, how
does one know which model to invoke?

Now one can find competing mterpretations or labellings of objects,
but 1t 1s hard to relate these to the alleged competing metaphorical
schema. For example, one or other of the flat facets of a door or plank
may be etther its s-px or 1ts y-elawy the teversibility of the object offers
no intrnsic analysis. Often, but nor always, this may be resolved by the
mportation of deicnic criterta, as sketched m Figure 15(b}. A case that
might be of more mrerest 1s the analysis of the house. It does seem that
more Ihan one analvulﬂ 1s available. Does the me taph( ical account

01)]( Ct-C ocndm ncd ‘\\’%tt ‘m ht,m;_. dd\/’lﬂ( cd 11(,1(‘ The mp dmgmnl \110\%
the shape of a traditional Tenejapan house, roughly cubic with a pyrarm-
dal roof. In our terms the shape 1s generated by taking a square cross-
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i

body-parts for rectangles relational nouns for parts of rectangles

Figure 16.  parallelepipeds, rectangles, as collapsed parallelepipeds, relational nouns for parts
ofrectangles

section of constant size along a central axis, and then systematically
decreasmg the size to the vanishing point {the apex of the house). The
model axis 1s therefore (now from a non-objecr-centered perspective)
upright, and the secondary orthogonal axis 1s honzontal. The account
correctly predicts that the roof s jo/, 42 nd that-all the sides can be
thought of as spa? (since there 1s an undecidable symmetry around the
cenrral axis)." 1f one dectdes ro focus on the door as a significant fearure,
then by virtue of having more features that side will be the y-efan, and
the opposite side the s-paz, with the corollary that the two remaining
sides will be =gk (see Figure 17[b]). ™

Now the metaphorncal account does not make these predictions clearly.
I'he upnght s jor will suggest that the human model or source must be
mvolved; but then 1t 1s difficult to account for the fact that the fruit or
vegetable model must be simulraneously invoked to account for the outer
surface beng spaz on all sides. The human model fares better on the
alternative set of terms 1n the second figure (with 'face’ and 'back’
assigned pretry much as in HEnglish}. But then why can we not mnvoke
the ammal model, so obtamning a hortzontal main axis (which would fit
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(a) Labelling system A

Model Axis
-
~D
rz = Seconduy Axis
iyl
(all sides)

(b) Labelling system B

- o e-jol "head"

x-xujle "side"”

Figure 17. Two altemative systems of labels for house parts

with the more rectangular design of modem houses) with a 'head' at one
end, 'buttocks' at the other, and 'back’ along the ridge? Overall the
metaphorical account adds nothing, suggests alternatives that do not
occur, and indeed fails to explain the alternation between the two systems
of labelling.
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44.  Secondary volumes and their axes

We have now finished with the central volume of an object. The next
problem is to locate and name secondary volumes, by finding the axis of
the main volume of the secondary part, although sometimes - where
the sccondary axis is very small relative to the main axis of the object -
the analysis can be circumvented directly by questions of shape. Where
there is more than one significant secondary volume, the location of their
attachments relative to the main axis becomes pertinent.

The axis of a projecting part may come off the model axis at any angle;
nevertheless orthogonal projections are frequent enough to be the main
thing to look for.

44.1. Small protrusions.  1f the axis of a protrusion is small relative to
the main axis of an object, and the volume is also small relative to the
main volume (less, say, than a twentieth), names can be directly assigned
on the basis of shape. The shape must necessarily have an outline that
is a convexity bounded by two concavities, hence if the protrusion has
three-dimensional depth the term s-#i' 'nose’' is appropriate; if it is flat-
tened in section the appropriate term is x-chikin 'ear' (sec Figure 18[a]).

Now note that the metaphorical theory of body parts will here be in
some trouble. For on our analysis, an object may have a pointed end to
itS main axis, and thus a s-ni"nos¢' on those grounds; now it may acquire
another s-ni" by way of a label for a small rounded protrusion. But none
of the metaphorical models or sources (human and animal bodies or
plant parts) normally have more than one s-ni"nose'. The same goes for
x-chikin, "car': an object may have one, two, three, four, or more 'cars'.
This is the normal word for the handle (lug) of a cup or water pot;
traditional water pots (k'ib) have three pierced lugs around the neck
through which ropes are attached. It is hard to see how the metaphorical
theory can account for these sorts of usages, except by invoking further
source schema incorporating the very objects that include these
multiple parts.

44.2.  Large projections.  Let us (arbitrarily) define a large projection
as one whose long axis is at least a fifth of the length of the model axis,
radiating out from the main volume. If this projection has any significant
volume, it is almost without exception labelled y-akan "lower leg'. For
example, the handle of a frying pan or western-sty le cooking pot, or a
projecting part of an arbitrary plasticine shape as in Figure 18(b), are
all labelled y-akan. On the other hand a thin projection, for example a
cord out of an electrical appliance, or a cordlike projection from an
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() relatively small protuslons in contour

2 - ’
D <k x-chikin "ear"

by relatively large

& unuquie: v-zkan Toot’

J

I multiple:

If near 'head' of model axis . s-kab'harnds’ <~~~

If near buttocks' of model axis . v-akan'feet-

AN |

Figure 18, Naming secondary or branching volumes

arbitrary plasticise blob, mav be called s-#e "tail’ (this term is relatively
rarely invoked in the description of physical objects).

What if there are mulnuple stour projections? Here the ortenration
relanive to the model axis becomes relevant. 1f there are multiple projec-
tions near the head of the arc or the "arrow” of the model axis, they are
labelled s-£&'2p, thand/arm', if near the base of the arc, thev are yakan
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lower leg'. Hence the branches of a tree are s-£'2b, the legs of a chair
are y-akan. Note that this analysis, which makes no appeal to the vertical
or honzontal orientatnon of the model axis, correctly predicts the usage
of these terms, even in the animate domain, since a quadruped in Tzelal
is not indeed such a thing: it has two "hands' and two “feet', regardless
of its present onentation! {see Figure 18 [b]).

4.5, Remaining terms

We have described the heart of the system, and the use of the most
common body-part terms for inanimate objects. But a number of terms
in Table 2 have not been described: here are some short notes.

45,1, The parts of surfaces, and junctions between surfaces. Many
objects have flat more or less rectangular surfaces, for example the sides
of planks or of houses, the tops of tables or of cement patios, the floors
of houses. These surfaces can be thought of as having parts, which thus
play an important role in locatives. To assign parts they must be thought
of as 2D objects, or more exactly as 31D objects collapsed 1nto one plane
as suggested in Figure 16, and then the normal rules apply: the longest
axis is the model axis, thus assigning s—jo/ head' to at least one and often
both ends of a rectangle. The edge around any object conceived of as a
surface plane, whether an empty void {e.g. mouth of a jar) or a sohd
surface {e.g. a table edge), can be called 1ts 44" "mouth' all the way
around.” Concetving of a recrangle as a neutralization of a three-
dinensional parallelepiped into a two-dimensional rectangle, the edges
or edge areas orthogonal to the model axis may be called either s-pat, or
x-xpk. ‘The comers are labelled x-chikin'ears'; this is appropriate because
as we have seen this term labels 2D protrusions from 3D volumes, so
the usage makes sense given a collapse of three dimensions onto two.

x-xupk 25 also sometimes used for corner: the basis of this usage is
perhaps indicated in usages like 7o x-xupk 5 jol mexa 'to the side of the
head of the table' (i.e. 1n a cormner of the table), indicanng an orthogonal
line to the main axis terminating in Jjol (recollect that sk in 31D
models 15 orthogonal to both the model axis and the spat/ yelaw axis).
However, x-xuk also refers to an edge in a 31 model (unlike ;4" which
refers to an edge in a 21 model). As mentioned, x-xuk is not a proper
body part, in the same nominal class as the terms we have been investigat-
ing. It has a counter-part  £5"ee/ 'side, edge’, from a positonal root
meaning 'edgewise’, which 1s also frequently used to denote both 21 and
3D edges on an orthogonal to the main axis.
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The middle of a planar surface is designated y-04/ 'middle’. This is
also not a body-part term, although it may be a true object-part term.
However, it probably has prime reference to the mid-point of a 11D hne
and refers to a 213 or 3D object through extension.

452, .S‘zﬂl’ft‘.H‘E’_ﬁ’dﬁﬁi’.L ']:h(j rcnmjning ternms s-g77 '(‘-_\4’(1',_}'-20&‘%!9 |I1:1VL)1',
and y-¢/'teerh' can be taken to refer to surface features. A small round
surface marking is normally ¢ gz shghtly larger dimple y-zocnb, although
I doubt there is any precise distinction. An edge that is formed by two
planes at such an acute angle that it is truly 'sharp' can be labelled y-¢
Thus the sharp edge of a knife, axe or machete is - e7 'its teeth', and this
term preempts the assignment of x-ch'ujt (i.e. the opposing term to s-
2at) but just on the very line of the sharp edge, leaving the axis-determined
term to apply to the region along the edge.

453 Some problems for the analysis.  The keen-eyed reader will no
doubt spotloopholes in the analysis so far attempted. But I should draw
attention to those 1 know of, together with some object labellings that
escape the current analysis.

One crucial issue 1s whether coordinates outside the object can really
be avolded. There are two such coordinates that, on the present theory,
enter in a secondary role, as optional methods of deciding between
arbitrary object analyses. The one is the verncal dimension given by
gravity; where the model axis is so aligned, it 1s natural (but not necessary)
to assign the vertex or head of the arc to the upward end of the object.
But this 1 stress 1s only possible where the intrinsic shapes of the apexes
of the arc fail to determine the head of the arc. The second 1s the
egocentric {("deictic") angle of viewing: again, just where the internal

coordinate system fails to decide the apex or head of the secondary arc
orthogonal to the model axis, it 1s possible (but disunctly optional) to
assign the head of the arc as pointng away from viewer. This wall achieve
the effect of spaz meaning 'the surface on the far side of the object from
the viewer', like English Zebind. ‘1his is not the main use of the term, and
there is no such opton where the object is intrinsically assigned 4 spat.
1 view these effects as marginal to this system - the optional importation
of external coordinates when the internal system fails to determine a
unique solution.

Another point is that there are objects for which the present account
possibly gives the wrong predictions. A possible counter-class 1s consti-
tuted by agricultural tools. The s jo/, the 'head' of an axe or a hoe is the
W(;')rking metal end, the sharp edges are y-¢7 'reeth’, the base of the handle

4 the body of the handle is y-akan. The y-akan will normally exceed
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the head of the tool in length and may do so in volume, though pcrhd[h
rarely 1n mass. Is it thought of as a ::()C(_)Ild.lt} projection to the main
body constituted by the head of the tool? If so, then knowledge of
funcrion {or at least knowledge of mass} and not purely bottom-up
geometry Is required to label tools." Since this forms a small (albeit
umportant) fixed class of local objects, the failure of the account (if such
it 1s) may not matter too much. But it may roken a much larger range
of cases where knowledge about function intrudes in the designation of
object parts (which we have partly already acknowledged 1n the assign-
ment of y-¢7 to sharp edges).

Finally, I should mention that for complex objects, I assume that the
process can somehow be applied recursively, That s, having found the
model axis, and a subsrannal secondary axis, one mav find a tertiary axis
off the secondary one. In this case one will need to have assigned directed
arcs to the secondary axis, which I presume will proceed as for the model
axis, and the secondary axis will consequently have a 'nose' {or 'head"
and 'butt’ and 'back’, etc. I presume speakers could be pressed into d(nng
such an analysis, for example if they had to label a complex Lego or
Tinker Toy construcnon for another person. But we presently lack the
relevant data.

5. Conclusions: object-centered onentation in 1zeltal
5.1, Metaphor vs. intrinsic geometry

Let us sum up. The theorv advanced claims that Tzeltal body parts are
applied to objects almost purely 1n terms of their mternal geometry,

without essential reference to any external coordinates (such as the vert-
cal dimension, or horzontal .m;ﬁlc-, determined with respect to the viewer).
Further, there is no necessary reference to encyclopedic kne m’l(‘(igc' the
derivation of the names for parts is potentially entirely "bottom up,” by
calculation of intrinsic shape. Hence there is no mystery 1n the ease and
naturalness with which new shapes can be assigned names.

This theory contrasts greatly with rthar implicir or explicit in other
treatments of such phenomena, namely the view that these part names
are metaphorically applied from {especially} the human and animal
domains. For a metaphorical analysis presupposes a relation between
as wholes, so that the articu-
lations or segmentations of the source can ht.‘ used to iupplv labelled
segmentations to the target. Such a theory is "top down," requiring in
the analysis of object A knowledge about another object B. Nor does 1t

two Geestalten, brought into correspondence
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is: when

seem 10 require any kind of thorough-going geometrical analys
we see the Big Dipper as a frying pan, we are essentially pattern-matching,
(At least if it is geometry, it's topology, not the Fuclidean stuff we find
1n the implhcit geometry of ‘I'zeltal body-part terms.)

The advantages of the analysis in terms of intrinsic geometry are
numerous, and a number have already been mentoned in passing. The
argument against the metaphorical analysis can be summarzed as follows:

L The metaphor analysis requires multiple schermza or source domains
{e.g. human, animal, and vegerable sources for 'back’), as otherwise (as
a matter of fact) the configurations of parts of the targets will not prove
marchable.

1. Consequently, it will be relatively hard to find attested uses that
cannot be "generated” by a metaphorical analysis (and 1n this respect it
15 hard to disprove such a theory), because it is always possible for the
analyst to choose between the most appropriate source schema, and
indeed invent others.

ni. Nevertheless, despite that, ir is difficulr to find plausible source
schema that can account for the strange numbers and dispositions of
patts - for example all the branches of a tree are 'hands’, and 1t 1s
commonplace for objects to have two 'heads', multiple 'noses’, four or
more 'ears’, erc.

w. Further, 2 meraphorical analysis wall hugely overgenerate predicted
uses beyond whar is attested. Multiple compering source schemas should
predict alternative analyses of objects, each of which 1s aligned to the
corresponding source; but in fact, the alternative analyses offered by
informants fail to march the predicted ones - rather theyv support the
geometrical analysis (see e.g. remarks on houses above);

v. Analogies and metaphors map most naturally from relatively simple
and concrete sources to relatively complex and abstract targer domains.
This suggests that objects with few features {e.g. geometrical shapes, or
a cylinder of plasticine with a small protrusion) should prove difficult to
analyze into named parts, as they are simpler than, and give too lirtle
structure to engage with, any of the source schema. Bur in fact the parts
of simple objects are easily and directly labelled.

vi. Analogy or metaphor typically proceeds by fruitful mapping
between two domains: all parts and aspects of the source configuration
may be put into correspondence with the target domain. This predicts
that all body-part terms should be exploitable, while in fact less than a
score are. It also predicts exploitation of Gestalt aspects of the source
domain like vertical orientation of the human frame, while in fact canoni-
cal ortentarion plays lirtle or no role 1n the application of body-part
terms to objects.



Tzeltal body part terminology 835

vii, If for all these reasons we reject an account in terms of "fresh”
metaphor or generative analogy, we might still hope to retreat to an
account in terms of "dead" or conventionalized metaphor. But then we
have no account of the central phenomenon, namely the generative
application of body-part terms withourt hesitanion to the parts of novel
objects or to objects of indefinitely varving shape.

vitl. Finally, there 1s an argument from simplicity. Metaphor 1s a

mysterious, complex process; elementary geometry is not; an account in
terms of the larter, if feasible, should be preferred.

If metaphor 1s not central {or even peripheral) to our understanding
of the spatal and object-segmenting uses of these terms, how does one
account for the fact that nevertheless these Axe body-part terms applied
elsewhere? Before settling graciously for a diachronic account (such as

to be found in Heine et al. 1991) in terms of an ulimate (f now irrelevant)

metap horical origin, two cautions are in order. First, if vou're spoiling
for a fight, you could reverse the direction of argument, and say that

humans have y-akan 'lower legs' because that follows from the meaning
of y-akan {major secondary axis attached at one basal node to model
axis). Second, there 1s areal evidence for a source VIA semantic calques
from other languages (see section 5.2}. Thus 1t 1s possible that there never
was a strctly metaphorical origin at all.”

1t 1s perhaps worth dwelling a httle further on the point in (iv), namely
that a metaphorical analysis fails to account for the fact that only a
handful of the 100 or so available terms from the three source domains
can be used to label parts of inammate objects. If the process 1s metaphori-
cal, and one sees a pair of sharp projections as horns, why can't one call
them ~a/ub "horns' (presuming for example a bull model, bulls being the
prototype Tenejapan livestock)?”” One can't, or at least, only fancifully,
that is, metaphorically! And why use s #7"nose' as the prototype protru-
sion, and not say xochu' "breast'?? \X/'h}.' ignr,rc all the met aphuri('_;a]
possibilities of shoulders, chins, chests, cheeks, and so on? How would
one block the application of such terms under any free meraphorical
process?

On the object-centered, geometrical account, there 1s no reference to
rich sers of vocabulary in parallel domains. There is simply a need for
whatever terms are required by the particular geometrical distinctions.
For each object, we need terms for each end of the model axis, between
one and four for the facets related to the orthogonal axis (one for arcular
cross-sections, two for flat objects, four for parallelepipeds), three for
secondary protrusions, and an indeterminate number of surface features
(three mentioned above). Allowing some choice according to shape for
the ends of the axes, we have terms enough 1n T'able 2. Why  rasE
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particular 15 or 20 terms out of the 100-odd terms for parts of humans
or animals or vegerables? Well, why not? One mighr be able to go a little
bir further and show that once vou've chosen body-parr terms 1o select
from, only some provide the necessary clear shapes, connecrions, and
axes: for example y-akan lower leg' has only one connection, at the knee,

HE |u])|wr leg' has two, and would nort be of the same general urility; s-
moch "tlank' might be useful (cf. oxwjg), bur it will not be carved our by
the algorithm thar segments at concaviries.

Spelling our the geomertric account is of course tedious, bur thar should
not be mistaken for complexity. Locating a couple of axes, applying
some heuristics for directionality, choosing terms for apexes according
to simple shape oppositions - that's child's play. And so indeed ir 1s:
children appear to (begin 10) learn the system very eatly: de Leon (1991 b)
finds children using the Tzorzil system well before three years of age (and
1 assume that the Tzozil system is ar least similar to the neighboring
Tzelral one). In contrast, making complex meraphors may not be junior
business at all.”

I have tried to establish the plausibility of a geometric account of the
body-part terms. It would need refining and testing. One attraction is
that 1t makes a great many testable predictions. For example, since what
is posited is a sequence of geometrical constructions for each object, we
may expect a conceptual and remporal priority of model axis assignments
over secondary axis assignments: it should, for example take informanrs
longer to judge misassignments of terms on minor axes. Similarly, we
would expect the model axis assignment to have a primacy in acquisition,
and thus the correct use of y jo/ (head of arc) and y-# (base of arc) to
proceed the correct use of spat (surface at head of sec ondary axis) and
y-eleny (flar surface ar base of secondary arc). Although these terms may
be produced early because of their imporrance in adulr speech, their
correct use might be harder for the child to understand than the directly
shape-based terms like sut'y y-akan, and x-chikin. Above all, the account
makes Ii)r(:c:i:“-:c predicrions abour the correct parronymy of any random
novel object.

5.2, So what for the analysis of Mavan?

521. Txeltal. I have tried to establish that 'I'zelral might be said to
be a richly "visual" language in two senses. First: it makes you notice
and report shapes. Second: the way it makes you think abour shapes is
just the way the visual system makes you think about shapes.

In the case of the body-part system, thar amounrts 1o saying that to
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speak the language you need to be able to do instant visual geometry of
the kind described. You can't say the equivalent of "Watch out for that
snake ON THE Top of that stone' withour deciding on the gcmnclric'al
properties of the stone, since the relevant term might be 3pass y-elaw, s-
ni', ot 5 jo/ (well, there are ways around the decision, but that's another
story). You can't make those decisions withourt acrually seeing the stone.

The Tzeltal body-part system 1s, as earlier described, important for
locative descriptions, because 1t 1s the simplest way to build detailed
specifications about where the figure (the object to be located) is with
respect to the ground object. Essennally this it done by parttioning the
groumd f)h](‘('[ nro ifs panu and k‘ayms{ where the ﬁgurc is wlrh rcspc'('r

th lower IL;{ nflhc fc_m L_-p< st 'at th hL_ad of rhc_ door', "at th hurrom
of the pot', etc.). This system is pretty strictly inte rpr('I ed: foy-it pline
‘at its-burt the h( an-pot, 1.e. at the burt of the bean-pot’ means that the.
figure is 1o be found conriguous with (very close if nor acrually touching)
that facet of the pot labelled its butt. 1t does not, for example, mean
underneath, but not touching’. Similarly, :-,omﬂhmg on my head can be
said to be 70 7 jo/, 'at my head', but not floating two inches above it (that
would be 20 y-aik'ol j jol ‘AT the aboveness ()f my head"). Most of the
body parrs have this ve ry strict interpreration. * But at least two terms
allow a little more latitude, that is, they allow the figure to be in some
region around the designated face. x-xzyk s one such term, allowing
some distance between figure and ground, a bit like English 'to the side
of (although -k, as mentione *d above, doesn't really belong to the
same nominal class). The other is s-paz, which can be used to designate
a region of some extent projected off the facet so named. 1t 1s perhaps
not irrelevant that (as mentioned) spaz tmay be assigned derctically 1f
there is no intrinsic determination. However, the regional use of a7
occurs both when the facet is intrinsically determined and when it is
deictically determined. In any case, this is the body-part termn that is most
semantically "prepositional,” in the sense that 1t potennally labels a
region and nort just a facer.

It 1s entirely 1n keeping with the mntrinsic geomerric narure of the
Tzelral body-part rerms applied 1o inanimare objects that they essentially
just label parts, not (with the exceptions just mentioned) regions. To
describe regions around objects another set of relational nouns 1s used,
which allow one, for example, to specify some object as 'uphill’ (equaring
with south) or 'downhill' (north) of another (see Brown 1991 for
overview).

Bur although the T'zeltal body-part terms have some real importance
1o locative descriprion, that is not perhaps the main reason to be inrerested
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1n an analysis of this sort. For these terms are the poor cousins, as 1t
were, of an enormously nch system of Tzeltal shape descriptors, encoded
-1 the couple of hundred positional roots, and also 10 many transitive
verb roots. As mennoned 10 section 1, perhaps half of these roots describe
object shape and flexion without reference to external frames of reference
- e. they describe the mternal geometry of the subject just like the
body-partt rerms do for thetr possessors. Not all Mayan languages seem
to have body parts that wortk as they do in Tzeltal locatives, but perhaps
all have positional roots with these kinds of shape specifications. In that
case, understanding these poor cousins, as well as thewr ncher positional
cousins, may be a good road into one of the core areas of Mayan
sermantcs.

Brown (1991: 361t this 1ssue) has pointed out that there are nontrvial
connections between body parts and positionals. * For example, the
descrprion of the content of posttional roots often requires reference to
body parts: they may specify that arguments be standing on their heads,
or lying on their sides, or on their backs face up. Bur the connection
may be a little deeper. For example, what do a man on his haunches, a
traditional stool placed upnght on 1ts “butt’, and a lump of dough shaped
like an upright artillery shell have 10 common? They're all described with
the positional adjective juku/, and they all have thetr y-7¢ 'buttocks’ on
the ground and their 5 7o/ 'heads' 1n the air. Or a Hlu_{htly more complex
example: roots of 'standing’ are a little puzzling: there's a different posi-
nonal adjective (1) for humans (or four-footed antmals) standing on their
"hind’ legs, as opposed to trees (zek'el/ and zekel),”” (1) another one for
four-footed animals on all fours, feathered bipeds and the traditional
stool (&ozol),” (1) for the Western-type charr, the harp, and stationary
vehicles (ehozol), etc. Analysis in terms of ortented model axes may
supply the key: (1} applies to things with the major arc vertcally "up';
1) to things with the major arc honzontal; () to things with a less
clear orientation _ the flat plane at the top of the chair curves up the
back (y-e4a), while the tradiional harp 1s a complex three-footed sound-
box with vertical projection (whose body parts I do not know). One now
needs to reexamine the data.

There may be a second connection: trom body parts to directionals
and motion verbs. Naturally, humans and animals have canomcal direc-
tions of motion. But bottles and feathers do not. When describimg static
arrays of objects, mformants sometimes talk in terms of things 'coming
(this way)', 'going (away from me)". T'his seems to be quite basic to
Tzotzil descriptions of states (see de Leon 1991b): 1 believe 1t's much less
central in Tzeltal, but 1t occurs. It seems that in T'zelral, but not 1n
Tzotzil, it would be natural to talk of something static 'coming toward
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me' only 1f the head of the model axis 1s pomting to the speaker - for
example 1f the bottle 1s lying down with its mouth  (-z) toward the
viewer, or the feather 1s so arranged that 1ts tip (5-27) 75 heading toward
the speaker. Again, this now needs checking,

522, The lanpuage farniily and the linguistic area. Body-patt meta-
phors are a Mesoamnerican areal feature central to spanal description 1n
many of the languages of the region. They have also been supposed to
be umversally, or at least very generally, the sources of prepositons and
their associated content (Svorou 1986; Heie 1989; Bowden 1991). It is
Important therefore to see that () the sense of "metaphot” may be rather
musleading, (b) 1t 1s possible to use body parts tor the description of
objects 1 very different ways - atrmbuting the parts on the basis of
mternal geometry (like T'zeltal} or external onentation or conventional
assignment (like Knglish zp, boztorns, front, side, back). Such systems
may look superficially alike but be very different indeed. '

To underhne this point 1t 1s worth contrasting Zapotec body-part
locatives, as described by Macl.aury (1989). The system consists of a
core of seven parts 10 an array of fixed locations, which might be con-
cetved of as a sort of fixed vertical armature suunundms_. an object. Thus
when an object 1s rotated within this armature, the terms for the parts
must change. This 1s a system based not on object onentation, but
extrinsic orentation, and indeed seems (compared to Tzeltal) to make
relatively few shape-based distinctions.

Despite this, Zapotec, Nahuatl, Tzeltal, and no doubt many other
Mesoamerican languages of unrelated stocks utilize a sumilar core set of
body-part terms oFrtEN WITH ALMOST EXACTLY THE SAME SHAPE APPLICA-
TIONS. For example, the tertn for 'mouth’ 15 associated with cavaty, edge,
and hid 1n all three languages." Quite clearly, not only are these not fresh
metaphors, they are not mndependent inventions. Presumably these sys-
tems are semantic calques based on high-prestige languages dunng var-
ous penods of impenal extension (whether Natuvatl, lowland Mayan, or
further back 1 time). Indeed, the systems may offer some nteresting
mnsights mto political prehustory. But the point to be made here 1s that
despite these striking surilanties, the apphcanon of the systerns seems to
be on an entirely different basis (object onentation vs. extrinsic orenta-
tion) in the case of T'zeltal vs. Zapotec (see Macl.aury 1989 also for
compatison with Mixtec).

3.3, Object-centering in tvpologies of spatial systems

The object-centered nature of I'zeltal body-partonymy may be theoreti-
cally quite mstructive.
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In reasoning about English prepositions, there 1s much ralk of a "topo-
logical” vs. "projective” distnction: zu, on. as are "topological,” i front
af. bebind, fo the left of are "projective.” The terms are Pragetian, quast
rather than rruly mathematical, and play an important role 1n the theory
of acquisition: topological nottons and terms are said to precede pro-
jecrive ones. In fact, though, the dara 1s rather less clear: the sequence 1n
English 1s roughly up, down > in > on > under > nexct to, beside > (non-
deictic) in back: of/ in_front of> (deictic) in front of/ in back of. As Melissa
Bowerman has pomted out, that makes absolute verticality (not the
topology of the assemblage) eatliest developmentally; then comes topo-
logical containment; then proximity; then object-internal geometry; then

viewer-centric perspective. This 1s none too clear a sequence, especially

m English where the nonons are not kept apart (o# z9p ofimight refer to
the mtrinsic top or the vertically assigned top). 1'zeltal keeps things

(relantvely) separate: verncality 1s 1n the relattonal nouns, object-centered
perspectives are encoded m the body parts, and viewer perspective in the
verbs of motion, as shown 1n Figure 79. For all sorts of purposes, whether
cross-linguistic typology, the diachronic development of adpositions, or
the study of acquisition, we might do well to attend to the Tzeltal famuly
of systems, which offer a much finer-grained set of distnnctions.”

opposttion 1n Hoglish or related languages, asks the question, why two
mdependent systems for spatial description? He suggesrs that each has
1its own advantages: the object-centered description does not presuppose
thar the addressee has the same pomt of view as the speaker; while the
viewer-centered system makes 1t much easier to reason spatally, because
notions like zo the left of (used deictically) are transitive, while deictic 4
Jront and behind are converses. To these observations we should add that
the Tzeltal use of absolute coordmates (a bit like north and south) has

the functional advantages of Born systems: such systems are transitive
(X 1g uphdl of Y' and " W 1s uphill of X' allow the mference " W 1s uphull
ot Y"), yet do not presuppose a particular viewing pomt. Although T'zelral

has both intrinsic and absolute systems,”® there are languages that have
only the absolute ones, which suggests thar Levelt's hypothests 1s essen-
tially correct.”

In all thus, there lurks one striking puzzle: 1 the theory of vision, we
start off with a viewer perspective, and all the processimg goes 1nio
abstracting out a non-viewer-centered, object-centered perspecnive. But
in the theory of human development, 1t appears that English-speaking
children at least start off with an objecr-centered perspective, supple-
mented with the absolute coordmates "up'/ down', and slowly learn how
to adopt a viewer-centered perspective. A paradox? Not if you believe 1n
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modularity _ then it's just what you'd expect: the vision system dumps
object-centered perspectives into the central processor where language
can get at them; language has little access to earlier stages of vision
processing, since they are encapsulated in a2 “'module’. Thus the child
MUst 1eCONSTCT de #oro on the conceptrual level what is given from the
srart, but inaccessible, on the perceprual level." This is precisely what
Piaget so influentially >ou‘ghl to establish.

The paradox in the Tzelral case, however, may not be so comfortably
banished. First, although we are only l)cgmmnq to collect acquisition
darta for ‘Izelral, de Leon's (1991a, 1991b, 1992, in press) studies of the
acquisinion of the cosely rc,lau,d lan‘s__.uaqg_,(, Tzotzil, seem to pointin a
different direcrion. Both absolute anchoring and deictic or viewer-
centered trajectories appear to be early acquired in Tzotzil. Second, the
"Tzelral dara argue for somerhing less than full encapsulation (or inaccessi-
bility} of the visual processes. This brings us full dircle, back 10 a consider-
arion of the relation berween language and vision.

54, Vision and language again

What exactly is the relation of linguistc representations to visual ones?
We observed at the outset (section 2.2} that much, but not all, spatial
language is deictic, that is, the relevant representarions are often viewer-
centered {or 2.51D) rather than object-cenrered as in Marr's 31 visual
representations. Even the so-called topological prepositons, like English
o7, not 1o mention the projecrive prepositnons like yuder, tend to INCOLPO-
rate environmenral direcrions, especially gravirational, and are thus not
strictly object-centered in the Marr sense." All this would seem to make
Jackendoff's (1987: 196ff.) view that Mart's 31D level 1s the right interface
between l.inguag and vistion, and indeed the haals for all our spatial
thinking, rather implausible as a general sc slution . % Fven with the exten-
sions outlined in Jackendoff and l.andau (l‘)‘:)Z [1991]} it is not clear
how object-centered and viewer-centered information is to be integrated.
Instead, perhaps, a general intermodal level of sparial informarion thar
is observer-centered and environmentally grounded seems to be what is
needed for locomotion and other sparial rasks as well as linguistic descrip-
tion of the famihar English kind.

What 1s interesting about the 1zeltal body-part system is that, contrary
to thart last assumption, it is a genuinely object-centered or 31D system,
almost completely free of viewpoint perspective or environmental axes.
It shows us what a 31 sparial linguistic system would look like, and it
is posirively un-English. Moreover the linguisric system taps in, not just
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to the ourput of a 31 object-recognition system, bur also 1o the inrernal
prmitives of such an object-centered process of analysis (Le. to many
internal axes, and specific shape contours). ‘That is what makes the Tzelral
body parts important evidence about the nature of the language/vision
interface.

This paper has tried 1o suggest that cross-linguistic data might throw
some light on the interface berween language and vision in the area of
shape and space representation. It would be nice if such data could be
used in a principled, knock-down way to decide between alternartive
analyses in the theory of vision, and vice versa. Unfortunately, such
implications are not straightforward for a number of reasons, which are
worth spelling out. There are at least two theoretical points on which a
stand must be taken before we can make any such inferences:

1. Modularity as encapsulation.  1f visual processes are truly encapsu-
lated in the Fodorean sense, and thus inaccessible to any other process,
any linguistic descriptions anchored, for example, to 21D retinal images
ml‘g,hr really argue for a 21, not a 31, output of the visual module; but
if somerhing less than full encapsulation is imagined, no such inferences
are valid.

2. Redundancy and recapitulation. We might indeed have full modulat-
iy, and yer behavior thar mimics access 10 nonencapsulated proc
For example, Piaget and Inhelder (1956) argue that although children
must have early perceprual geomerric analysis, yet they only acquire such

35€S.

knowledge on the conceprual level through a long process of learning.
Adulrs then exhibir a2 conceprual handling of the observer perspective (as
in zo the lft Of) that might erroneously suggest direct access to the
observer perspective intrinsic to visual processing. Thus parallel represen-
tations might be painfully built up in distinet encapsulared modules. Let
us call this duplication of representational processes "recapirulation” (in
the sense that whar is already constructed in one module has ro be rebuilt
in another}. Is such redundancy plausible? Current answers are likely
only to r(,flu,t theoretical ptcdllc( ton, although acquisittion studies may
indeed ultimately offer dedding evidence here.

If one takes the position that vision is not torally encapsulated, and
that recapitulation is not to be invoked wirthour special evidence, the
Tzeltal body-part system offers some primra facie support for a 3D level
of visual processing. It is worth now alluding 1o the facr thar ‘[zelral also
offers some evidence of access to a 21D level of processing,

There is a set of positional stative adjectives that describe a long object

as having the property of, variously, being (a) uprighrt {vertical}, (b} hori-
zontal, {¢) inclined at a steep angle ro the vertical, {d) inclined at a
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roughly 45-degree angle to the vertical, etc. However, these predicate
expressions also apply to objects arranged 1n front of the viewer 1n such
a way that the (a) expression also applies to a horizonral object pointing
directly away from the viewer, the (b) expression applies to an object
across the line of sight, the {¢) expression applies to a horzontal object
at a shight angle from the line of sight, the {d) expression to one at a
greater angle from the hne of sight, etc. How can the same expression
mean “vertical' and 'lying horizontal in the hne of sight'? The generaliza-
tion clearly is that from the point of view of the 21) retinal projection,
the patterns are the same, as llustrated 1n Figure 20,

Here 1s another case. '1'zeltal has some expressions that are used adver-
bially to denote 'uphill’ and 'downhill'. Due to the overall fall of the
steep terrain toward the north, these terms also denote an abstract 'south'
and 'north' respectively. ‘The system 1s the subjecr of another paper
(Brown and Levinson 1993); suffice it to sav here thar it is essennally
based on absolute coordinates or angles (not on a viewer- or object-
centered perspective). But what 1s cunious 1s that there 15 an additional
use of the same terms: 'uphill’ refers to a region further away from the
speaker, 'downhill' as closer to the speaker, in the immediate visual field
{(up to say rwo meters). Again, this usage 1s explained on the simple
grounds that what 1s further awav from the speaker is higher in the 21
retinal projection, the visual atray: thus 1t 1s natural that 'uphill' 1s
extended to mean 'further from the viewer' (see Figure 21). Nartural, that
15, provided that linguistic processes have access to 2D visual processes.

What should we conclude? One possibility is to consider all these facts
about Tzelral as arguments tending in one (highly conrroversial) direc-
tion: vision 1s not fully encapsulated.” Tzelral then exploits this, gaining

access to 21 and 31 processes at vanous levels, and making ingustc

e

Figure 20.  Predicates collapsing the horizontal and the vertical on the basis of 2D equivalence
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Figure 21.  Relarional nouns ‘uphill/downhill' collapsing hovizontal and vertical on the basis

of 2D equivalence

discriminations sometimes extending over both 21 and 3D representa-
tions (as in the 'uphill' case), sometimes specific to a very detailed level
of 3D processing (as in the body-part system). But to force this conclusion
through would require detailed evidence against a recapitulation theory,
of a sort that could only perhaps come from acquisition studies.
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Notes

Paper delivered to the Wut’k-'h()p on .‘;pmia] Description in Mayan Languages,
Nijmegen, Feb. 10 13, 1992, and thereafter circulated in a longer version than the
current article as a working paper of the Copnitive Anthropology Research Group,
Max Planck Institute for Psycholinguistics. At the time, this was an exploitation of
Marr's 31D model for ingustic purposes independent of the important paper by Ray
Jackendoff and Barbara Landau (1992 [1991]; Landau and Jackendoff 1993), and
indeed we have made different things of it. Comparing the views would take another
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This paper forms part of an ongoing joint project with Penclope Brown concerning the
Treltal system of spﬂ'liﬂl de ripaon, with data collected juinlly m 1990, 1991, and
1992 1993 and singly by her in 1992, Summaries of the work may be found in Brown
and Levinson {1990, 1992, 1993), Levinson and Brown (1994), and (‘spc:ri:l”y Brown
{1991). 1 am doubly indebted 1o Penelope Brown here, since she proved a harsh, if
isistently worrying,

ulumately sympathenc, enne of these ideas. Lourdes de [.egn by cc
about b-c)dy partsin’l zotzil (see de Leon 1991h, 1992a, 1992h, 1993) made me turn my
attention to the Tzeltal ones. The paper also owes much to discussion with Melissa
Bowerman, j()hn Haviland, \W(JH‘_}’:{II‘;}; Klein, Pim Levelt, }0hr| Lucy, and Dan Slobin
(although they thay not tecognize theit
gave me detailled comments on a draft; as did Mary Peterson, but at a pomnt when T

-ontributions). John Haviland and David Trwin

could only 1nsert covering footnotes. Thanks to them all for bibliographical leads, and
to Penclope Brown for checking some of the Tzelal data in the field in 1992 on my
behalf. Tnaidentally, the data on which this paper s based consist of (a) many hours of
videotaped elicitation about the nammes of parts of objects, together with videotapes of
0) field notes,

spanal tasks requiting verbal interaction between two native speaker
{c) some text searches ina large corpus of Tzeltal texts (Brown n.d.) (but more needs
to be done). Unfortunately, only after writing the paper am 1 elear about the crucial
further data that would be needed to test ripourously the hypotheses here advanced
That 1s the lot of the anthropological inguist: more work 1s always n order.

See Talmy {1983}, Si
Jackendoff (1993) emphasize the poverty of shape information in the prepositions of
familiar Huropean langu

ilarly, Jackendoff and Landau {1992} and Landau and
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onistic demonstration of the nichness of Tzelal

Of course this 1s at best an impr
shape dis kendoff and T.andau (1992 [1991]) estimate that there are

10,000 names for things, applicable on the basis of shape, in the average FEunglish

rmnaton.

working vocabulary. But the Tzelal lexical richness for shape 1s of a different kind:

»

{a) the ex sions denote shape properties, not names for things; (b) the shape speci

ficity 1s built mto roots  but the total root vocabulary of Tzeltal is relatively small,

say of the order of 3000, which vields by powerful detivational morphology a working
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vocabulary of say 30,000 stems. Perhaps a quarter of those roots have shape constraints

as fundamental elements of meaning

See agan Talmy (1983) (but for an insistence on the Fuclidean geometry involved n
English prepositions, see Herskovits 1986). Jackendoff and Tandai (1992) emphasize
the lack of shape information in spatial prepositions but describe this in terms of
limited use of the {(nontopological) axial structure of object geometry

For much more detail, and also some Wivs nfﬂvnidin‘;ﬁ; these choices, see Brown (1991)
For the role of shape in expressing spatial relations of containment and support in
Tzeltal, see Brown (1992, this issue)
Davidlewintellsmehefindsthischaract

zationinapposite:"bottom up”emphasizes
2, "top down" a relauvely exg

a relauvely data drven mode of proc -ctation driven

mode of processing, Clearly, pattern matching techmques could be relauvely "botrom

up"; but they are
Pete

Marr's emphasis (wrong, 1in her view) on the necessity of deriving a 31D model before

"'top down" to the extent that they are template driven. Mary
on adds that one main divide between Man and the theorists before him was

object representations can be accessed
There s, T think, some confusion concerning Mart's ideas about the "modularity” of

the visual system. Modularity can imply (a) bottom up reasoning only; (b) no inter

actnon between subcomponents. Marr's 211 level 1s modular in the (a) sense, nonmodu
lar in the (b) sense. Mar™ arpues that the 211D representanon is denved purely bottom

up; he implies that much of 31D object recogmunon is also bottom up but allows that

recogninion might be used to improve the unape (1982: 321). Fodor {1983 93) argues
further that (Roschian) basic object recopnition 1s purely bottom up, i the sense that
the inventory of shapes we compare objects to 1s also pregiven. See discussion by
Sullings in Garfield (1987: 392ff )

Thas analysis might invite a radical nativism, which will have Roschian "basic level
objec

' {and the associated taxonomic lierarchy) delivered as a natural level of vision

analysis; see Fodor (1983). But no such conclusion is necessary of course.

It may be that this view is not retinocentric, not sirictly with coordinates radiating out
from the viewer, but rather with a normahzed set of parallel coordimates heading in the
same direction as the viewer. Such a conversion from the retnocentric to a parallel hne
coordinate system 1s supposed to take place at the end of the visual processing at the
211D level {see Man 1982 285). Bec
tation has in any case 1o be in some wav externallv anchored or normahzed to a

use of saccadhc CVe movements, a vistal ep

cn

location relatve 1o the bodv

Ray Jackendoff (personal communication) queries the assumption here that the object

centered  representations of individual objects are a distinct level from the
representations of scarfs. [t seems to me, however, that they must be distiner: 31D
representations do not encode viewpoint, but a visual representation of a scene must
do so. When we recognize a cup next to a teapot, we somehow combine 313 and 211D
information into a higher level representation. One way to think of these two kinds of

information is to relate them to the distnct neural pathways known as the "what" and

the "whe

svstetr

(l.andau and Jackendoff 1993); but we lack a theory about how
these two distinet kinds of information are put back together into our seamless experi
ence of space. In any case, as Jackendoff remarks, Mar and his descendants have given

s no lh(?()f}’ ()(

cs \l‘()f]&ir]i’;’ ot Fllf.h a Lh(‘()?}’ W]” b(‘, €88 Zf][iﬂl 10 IZIIIIL‘T.\‘[HIH{“'I_P;

[h(i VISIC n1;’]m1_;}_1,u_;}_(: mteriace.

The

prepostions {but not perhaps more than English dimensional adjectives) but, in addi

I'zelal body part system involves use of more axes than, for example, Finghsh
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Lion, names specific shapes at the ends of aves (pointed, rounded, flat, gently convex,
ele.), as explained below.
This section is a brief and incomplete exposition;, we Brown (1991, 1992), Levinson
(1991 a, 1991 b, and references rherein) for more detail.
Talmy (1 983 ) claims rhat closed-class spatial expressions universally specify character
istics of the ground and not the figure. Jackendoff and Landau (1 992: 1 09ff.) concur
but emphasize "how coarsely both the figure and reference objects appear (o be repre
sented” in terms of shape. Tzeltal appears to challenge such observations (see Levinson
1991 b; Brown this issue), bur much depends on what we are fo count as "closed-class”
Sform classes or "spatial relators. "
See Brown (1 991 - 36{F., this issue).
I am here using the terms "relational noun" and "body part” contrastively; in much of
the Mayanist literature the former is used inclusively of the latter. The terminology is
immaterial: the point that is imporiant is that in Tzeltal (althoush not perhaps in
neighboring languages) the two fomm classes can be distinguished, although af a higher
level of analysis they share most syntactic propernies
I know of two attempis to outline noun classes in Tzeltal. Brenr Berlin in a manuscript
of 1961 skeitches eight classes for Tenejapan Tzeltal: (1) raking plural -etik directly,
(2) taking -V I-etik plurals, (3) obligatorily prefixed with x- or j- (mostly names),
(4) obligarorily raking -VIwhen unpossessed (mostly our class 1), (3) taking plural
tak (e.g. kin terms), (6) deverbal nouns, (7) place names, (5) pronouns and perhaps
relational nouns. Kaufman (1971 : 1 06) isolates six classes in the distinet dialect of
Aguacatenango Tzeltal. Our class I probably corresponds to Kaufman s class 3; he
distinguishes 3 a (essentially kin terms) as taking plural -ab when possessed, 3b as taking
fak. Probably the most useful lead is Haviland's (1988; corection of Laughlin's
T=otzil noun classes
Penelope Brown tells me that when unpossessed, the meaning of the revm is generic, X
in generdl; for example jololheads in general; the class of heads’
This list is almost certainly not as ad hoc as it seems, but that would require some
Whorfian exegesis. Stross (1 976 244 -2435 ) fists also bilil ‘name’, betil debr] ti unibil
}Jhmrmg seed, akieal’staff of office’ we'elil food/meal’, chiulelal soul’, labil'animal
spirit companion’ In short: a person’s physicadd and metaphy sical parts and social
identity. Class I nouns are further subdif erentiated, however, by other morphological
criteria; for example, kin terms take irregular plural inflections, so that the body-part
terms could possibly be fractionated out as a coherent subclass (see note I3).
Before apalatal x or ch, s- becomes palatalized x-, before a root beginning in s or x,
the prefix is naturally not audibly detectable and will usually not be mark ed here.
Beforej the form of the third person prefix is y-, with the sequence v-j realized as y.
There is the possessed form s-ba-al ‘contents’, bur if this is the same root, then it clearly
shows that s-ba doesn't belong to the class that must drop -VIw hen possessed.
So caralogued by Stross (1976); our informants preferred other designarions, for exam
ple yalalil sk'ab ‘children of the hand/arm, i.¢. fingers', sme'sk'ab ‘mother of the
hand/arm, i.e. thumb’
Levelt (1 954), considering English, correctly pointed out thar English terms like in
front even when used intrinsically presuppose that the object is in canonical position
(relarive 1o the vertical) relative to the frame of orientarion. Another interpretation of
his careful observations would simply be that the object-centered perspective and the
vertical absolute coordinate are deeply interwoven in English . jyor gs they are
precisely disentangled in Tzelral.
Of course, there may be additional technical terms for the parts of specialist artefacts,
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but we exclude consideration of these here, for we are interested in the generative
partitioning of objects as used in locative expressions, and such technical revms play no
role here

The application of "metaphorical” extensions betw een domains I 11, and I is con
siderable, and it is often by no means clear which domain should be thought of as
originaring the term. For example, the term for ‘eye' may devive from Ior Il or even I
(where it means 'seed, fruit’). Sometimes there are good reasons for supposing the
origim in one domain, for example s-ne ‘tail' from I, y-(j) abenal’leaf' from Il Terms
that may ricocher berween I, 11, and 111, but do not reach IV, are not properly exam-
ined here.

Srross (1976: 23 7) gives the forms e'id and y-e; we hear an aspiration and give the root
the form ej.

The term for fruit is sit (no form sill!). There is a widespread Mesoam erican areal
association of ‘eve’and fruit’ or seed’ In the light of this, it is possible that oviginally
there was a vegetable metaphor for body part here.

v-0k may have primary reference (o the base of a plant, rather than (o the supporting
limbs of humans and animals, to which it dlso applies, meaning lower extremities' If
so, we would expect the absence of the form okil, ourdata has a gap here (as does
Stross 1 976 260). On the other hand note the expression y-ok sk ab lower extremities
and hands, i.e. limbs'

Clearly not an animate body part; we doubt therve is a form xujkil. Semantically, rhe
term behaves more like a relational noun, informants deny there is any part of the body
to which the rerm intrinsically refers. Stross (1976 266) concurs: he glosses the term
'side/summ it and notes that it has secondary application to the body in the phrase
xujk sitil side of the eves, i.e. temple’ On the other hand, there is a bona fide body
part terva xujkubil/xujkub'elbow | Note the expression pat xujk backside —neighboi .
yveuxub may in fact have primary reference to 'knot’ (in wood) and metaphorical
reference to the navel. Our data is unclear whether there is any form uxubil, as predicted
if itwere a genuine body part. Siross (1 976) gives muxuk™il for the navel. Berlin et al.
(1974 : 70) assume that it is a genuine body part

Used like me tail’to describe attached flexible cords or the like.

Note thar this is nor a primary part term at all by semantic or morphological criteria:
it is the roort for ree'with a - VI suffix in the possessed form. Nevertheless it occurs in
compound body-part terms, like steel sk'ab'trunk of the hand/arm, i.e. foream.

This term belongs to an alienable morphological class, since it takes - VI only when
possessed. It is the normdl term for heartw ood, bone, etc. The term for Seed, pit) bak’,
has a "glottalized" final segment but may be etvmologically related. There are a range
of -VIforms with specialized meanings, for example s-bake! ‘core of corn cob’

For a general account of the metaphorical nature of the transfer from body parts to
spatial relations, with special attention to African languages, see Ieine et al. (1991 :
45/, 1.23111).

The extent to which Mesoamerica constitutes a linguistic area in Emencau'’s sense
especially with respect ro spatial description is an interesting theme (see de Leon and
Levinson 1 992).

See section 4 5.3 below. Mary Peterson points oul (o me that, nevertheless, this mar
ginal functional information may be important 1o the understanding of the process of
retm application, since it may need to take priovity over shape analysis. To achieve this,
itmay be necessary to process in parallel, checking structural representations of famil-
iar objects as wholes while simultaneously proceeding with shape analysis of parts.

The task was administered by Penelope Brown on my behdlf, to whom many thanks.
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The nammes of the parts in the figures were as given by informants. The figures tepro
duced atre the otiginal stitmuli but the divisions have been redrawn by me

David Irwin's response 1o these animate segmeniation diagrams was that they were
more sugpestive of butchery than visual segmentaton! But a glance at universals of

body parnton 1s instructive

Andersen 1978): with rare excepuons (like Tarascan

'nose * forehead”), human body part terms reveal a segmentauon based on junctions
between articulated elements, in line with segmentation b}_,' concavity Andersen notes

aled 10

oo that it is sh;ip(:, not funciion, that underlies the nating systems, as rev
etymology and acquisition

Thls "H‘.‘fllﬂ;)h urp,m:s i‘()l’ a Illlfnﬂn ”3()(1(‘] h(“f(f, blli see h(“.]()\.\f \Vh(‘.‘f(: [II(‘.‘ 'bﬂ”}" iertm is

shown to be applied without reference 10 a particular metaphorical source

Incider n Tzehal speakers are conservauve with respect 1o material cul-

ally, Tenejap:

any standard Western goods (tinned foods, plastic bottles, etc.) are notin daily
evidence. An exception is bottled Pepsi Cola, which has a rial significance and 1s
amnipresent

I am indebted to Melissa Bowerman for drawing tmy attention to this theory

Leyton's theory could be augmented by patallel observauons about really sharp con

eneral indicate

vexities, that is, points These are growing and tmoving points and in [
the direction of motion for good physical reasons, to do for example with whiplash in
winds i the case of plants and aero - or hydrodynamics in the case of animals, birds,
and fish

Jackendott and Landau (1992) address the issue of the proper treatment of hollow
entities in conceptual structure

T am a litile bit worried that this may not r.orr(‘c‘.'lly assign parts to drinkln_g horns,
Perh

a drinking horn 1s biheaded, like planks, etc. One clue is that de Leon found Tzotzil

wlnch may have both a s ni"nose' and a s 11"mouih’, but ihis needs r.h('ér,kin_g_

.

informants bad alternative conceptualizations of a pop bead, an item wiath a clear s nt'

like protrusion at one end and an equal sized hole at the other: some informants called
(in the Tzotzil equivalent terms) the protrusion a s ni' and the hole a y it (buttocks”),
while others called the hole a s ti' and the protrusion a y it - in short, they couldn't
decide which way to run the axis

There is one apparent exception to this rule, which follows a general endency: some
spectalist words preempt the general purpose labels. The exception here 1s the term y

ak, not much used, which in the domam of animal partonymy refers 1o 'undercarriage,
lower extremities”. There is some doubt that 1t 1s a genuine body part term, as 1t perhaps

does not belong to nominal class T (see note 28 1o Table 2). In any case, 1t seems to

presume that the base of the model axis is vertical, ()l’lll()_pj()rlﬂ,l io, and "plﬂrm:d in" the

é)‘rﬂlln(] ih],lS lh(‘. ]Lln(‘.li()n b(’.[\.\}

a tree and the earth or a mountain and a vﬂﬂ(:y
can be called y ok When a tree is felled, it no longer has 4 y ok, only @ piz My analysts
of this, and similar 'I}h(:rmn':r:rm elsewhere, 1s that ¥ ok is a term b(a]nn‘p,in‘p‘ 1o other,
non object centered systems of description, applied secondarily after primary parts
have been labelled

On this analysis the term s 1’ re

s 10 the gap or void itself This is correct for one use

But it also refers to an (-‘r]p,(: this nomenclature is ;-,(-‘m-‘.r-.urd quite inde ndently

18 ri_p'hl a

Many tetrtns on this analysis are polysemic or even homonymic. But that see
doot and a door frame and a door void are not the same thing. To account for win

the same phonological form has these contents, one may indeed need to refer 10

metaphor in etymology; but the ongmal metaphor may not even have taken place in a

Mayan language at all (see secnion 5.2.2).

It would be possible to assipn terms on the basis of shape without this step, but
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retaining 1t will (a) maintain the sytnmetry of the account between model and subsidiary
axes, (b) cotrectly suggest an order of importance between the two main facets deter
ined on the basis of the secondary axis

Why make the head of the are point to an object’s 'back’ and not its ‘face”? An
important observation 1s that the 'back' facet is dearly more basic than the opposing
facet, as shown by (a) the various names of the larter, and (b) the tendency to choose
the "hack’ label when only one facet can be named. [t is interesting that this conceptual

priority holds also for English back over front when applied intrinsically to objects
{Levine and Carey 1982: 6541), contraty to naive expectation. Applying the same
reasoning, though, I should pethaps teverse the direction ot the head of the model axis,

since the unitary term _y 7¢ 'butt’ applies 10 what I called the base of the arc. But the

conceptual priority of pit 1o its various opposed terms (s ni', s ot erc) is intunvely
less clear.

From my drawings, which outline the frame of the house, one might expect 5 ' for the
apex, but it is in fact well rounded by thick thatch, hence sjo/ 7x the approprate term
T'he tact that the main axis is vertical fits the posilinn;ﬂ ‘,}r(?dit'a[r: used for houses,
P. Brown points out 1o me I}J(ty are said to be waedl, siﬂm]in_;;. as of vertical L"_ylinc](:rs
3 a b()l[](:)

This downplays the functional element in this naming pattern of coutse: the front of

the house gives public access, etc. In general, the geometrical account pushes pure
structure to the limit, but of course this does not rule out additional  or even

preempuve functional factors

In some cases, 21D recrangles offer the possibility of some addinonal terms for secrions
()f Lh(‘. }’(ttit]’l(:l(:r f()r Cxa r]:}}l(: a concrete r()i’f(’.‘(: dry"l?, ;);lti(b ()rj(’.n',(f(] ”()r[h b()ll[h fT:ﬂy
have ihe northern 'downhiil' edge labelled 3 erZaf, the southern fuphill’ edge labelled s
fausing these relational nouns. These terms then preempt s #' on the relevant facets,
may be labelled
t ee! (@ non body part term). It would be easy but, I believe, mistaken 1o think of

leaving s t'to apply to the two remaining sides. Or the remaining sid

these terms (¢ ba, 5 #, erc.) as forming a contrast set - they belong to two different
systems, as sketched at the bottom of Figure 16

John Haviland questioned, on the basis of neighbouting Tzotzil, whether the present
account would work for the traditional stone a2/ are, a rectangular stone with pitted
uppet surface, almost hotizontal on three knoblike feet protruding from the under
surface. Tt turns out that the account works on at least one application of the terms
the main axis of the recrangle has 5 jotat either end, the secondary axis points to two
surfaces 5 pat (the under surface) and y e/aw (the upper one), with the edges labelled
either 5 #' (emphasizing a 21D interpretation) or - xuk {(emphasizing a 31 one), while 1t
has three y-akan or 'feet’ This s in line with the predictions, although on both my
account and the metaphorical account one might not expect 'feet’ to emerge from the
surface labelled’ back’. But alternative nomenclature has double pit instead of sjol (or
one of each), and 5-£&'ab ('hand") or x okx’ (breast’) for the knoblike feet (where one
might on shape have expected even s ni'). Tt is perbaps not surprising, on the present
account, that some such central cultaral objects exhibit a more convenrional and

arbitrary (if vaniable) nomenclature p(-‘rlmps this may be more ‘,}tobl(:tr:;lii(‘. for a

metaphborical account, where terminology for central culural objects might be taken 10

be prime (‘x(‘.n:plﬂrs of correct n:c:ruplu:rk:n] applicanion

A middle way is sug:g(:sl(:rl o me b_y Mary Peterson: a process of visual analogy,
searching for structural similarity, might account for the ongin of the system. If such a

process opetrated pairwise over volumes, it might allow, for example, for multiple

b ) «
noses’ or ‘ears’ on main volumes. Such an account wouldn't, T think, do as a syn-
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chromc analysis of the Tzelal system, because 'noses’ or ‘ears' can be at the 'butt’ end
of main volun

This requires n\plﬂrmli(m Tenejapans don't, at least rmrn:ally. keep pigs or sllr:t:p,

unlike neighboring peoples. They keep bulls. No cows {or only as an innovation). They

buy in the male calves from neighboring peoples and sell them ow as mature adulis or,
better, eat them. Bulls are beaurtiful. And the proper stuff for titnal meals.

Thete would be no scruples; these ate a no nonsense people who have clan names
', and the like, and talk freely about human parts. T know

glossing 'dog shit', 'snake
of only one use of the terin x chu' as a part namme  the feet of 4 prare mray be so
called {see note 53 above;} -

aphorical abilities ate late

But caution is in order! To test the received view that me
acquired, Gentner {1977} studied FEnglish speaking preschool children' abilities to
analogically map body parts onto objects. She concluded that four year olds {the
youngest children tested} have sophisticated metaphorical abiliues, and indeed that
such abilines may play a role 1n langnage acquisition from the outset. However, there
is also strong evidence that children learn the intrinsic parts of obiects well before three
years old, that is, before they can correctly label them {Levine and Carey 1982}, This
stive that a peometric analysis is also operative in

]L\l[(:f (‘.\.’i(i(’fnﬂ(f I L‘I.kc to b(f vc:ry .

{although unlike Tzeltal

Fnglish intrinsic 'front', 'back’, "top', 'bottom' assignments
these also involve refetence to the absolute vertical axis).

The facts are actually rather complex: the distance a reference {figure} object can be
from the specified part of a ground object depends on contestual factors. What 1s clear

is that as the figure object is progressively moved away from the pround object so that

n b(’.(‘.()rl.‘(f& (T]OSE‘.Y Lo ;]fl()ll](’,f ()b 1, Sp(’,i\k(‘lfh \a\rl” ﬂIWﬂyS S\Nil(‘.ll [h(‘, §{f()llf](i to lh(‘.

second object even if it 1s much less promment, thereby indicating a distaste for elastic
regrons around the onginal pround. The result 1s that the acceptable distance increases
with the lack of availability of any other reference object, and with the inapplicability
of the telational nouns that do primarily describe regons. See Brown {1991} for details.
This contrast between the 20 odd body parts with generalized locative uses and the
200 odd positonal predicates could be held to vindicate the claim in Landau and
.]'-‘Ckm"i(-‘” (1993 that where sp(‘.r‘.iﬁ(:ﬂliuns tend to be shﬂp(: irl:p()\-'(:rish(:rl {Ray

Jﬂ('.kc:ndoff, p(:rs(nml communication}. However, as Brown {this issue} arpues, it is not

clear that one can dis(:ﬂl;{n;gh: locative functions from the 200 odd [Josili(mzﬂ rOOLs
n question.

John Haviland {wotk in progress) has shown this also for the closely related language
Tzotzil: by starung with a subset of positional roots delimited by derivational potential,
he has1solated a class thar makes essential reference to positoning of body parts.

Informants distinguish g &0/ (of trec

from zek'e/ (of hummans}, but not always consis

)
tently enough for one to be really sure there is a distinction here (. Brown thinks
there 1s}

Also applicable to human "standimg” on hands and knees

1 am indebted to Josh Antonio Flores for information about the Nahuatl patterns. See
also Campbell et al. {1986} on areal patterns.

Brown {1992 and this issue} describes how topological relatior
with topological prepositions am {parually} encoded in ‘[zeltal

expressed in English

From the point of view of coordinate systems, or "trames of spﬂllﬂl reference.” Tzeltal
has only two systems: absolute and intrinsic coordinates. The viewer centered systemm
as encoded in verbs of motion {or deictic demonstratives) is coordinate free: 1t specifies

motion {or location) n any direction toward gy away {rom speaker.
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66.  See Levinson {1986, 1992, Tevelt, though, was incorrect to think that all languages
have |

just the two basic systems exhibited by English.
67. An alternative interesting conception might be that during development what start out

as fully encapsulated "modules” must be slowly mterconnected, allowing increased

nteraction. Thus "unnatural” access to visual proce

s tnust be slowly learned. This
view would be consistent with the view that only a modular theory of mind can explain
the initial speed of leatning, while not subsctibing to a strictly modular theory of adult
cognition. Normally, of course, the reverse presumption is made, namely that child

>, Levelt 1989 105},

hood plasticity hardens into adult ¢

odularity
68 FPor experimental evidence that verticahty offers preferred interpretations to object

centered ones in Englsh see Carlson Radvansky and Trwin {1993}, Incidentally, they

found that when viewer centered and environment centered interpretations conflict {as
when ego 1s lying down;, the latter predomin:

69, J‘d(:k(‘.ll(k)ﬂ- tells e, th()u_;rgh, that he conceives of 31D d(*.y:rip-‘.ions of obiect

.

«=nTy of perspectivally viewed scenes
0. Another pussihi]ity is that the facts all argue for s:rir:t]y {Ir:mhﬂﬂt} visual processes
ceasing well before a 31D level of analysis {as e.p. in Btllthoft 1991},

References

Andersen, Elame S. {1978}, Lexical umversals of body part terminology. In Universals of
Human 1_angmaze, vol. 3. Word Structure, . Greenberg {ed.}, 335 368. Stanford, CA
Stanford University Press.

Berlin, Brent (1968}, Tgeltal Numeral Cla
Hague: Mouton.

Breedlove, Dennis, and Raven, Peter H. (19745, Principles of Tseltal Plant Class cation.
New York: Academic press.

- and Kaufman, Terrence; with Maffi, Luisa {1990y, Un diccionario basico del 'I'seltal de
']";.:mjm Chiapas, Mexico. Procotmmith Project, University of California, Bttrkt‘](‘.y.

Biederman, Irving {1987, Recognition hy components: a l:'u:()r_y of human image under.

sifiers: A Study © Eithnographic Sementics. The

stanchng. Psychological Revien:94(23,115 147,

Bowden, John {1991}, Grammaticalization of locatives in QOceanic languages. Unpublished
MA thesis, University ot Auckland.

Brown, Penelope (1991}, Spatial Conceptualization in Tzeltal. Copnitive Anthropology
Research Group Working Paper 6. Nijm

en: Max Planck Insutute for Psycholinguistics.
(1992}, The INs and ONs of Tzelal locative expressions: speaker's perspective and the
semantics of static descriptions of location. Paper presented at the Workshop on Spatial
Description n Mayan Languages, February.
in.d.). Computetized corpus ot Tzeltal texts. Unpublished data.
and Levinson, Stephen C. (1990). "Recentering in Mayan Spatial Description, with
Special Reference to Tc{g,{m,i Cognitive /\11tf"|r()p()]()§3:y Research Group W()rking Paper.
Niftnegen: Max Planck Institute for Psycholingniistics.
and Levinson, 3. C. {1992}, 'Left’ and 'right' in Tenefapa invesnigating a linguistic and

conceptual gap. In S pace n Mesoamerzcan 1angueages. Loutdes de Leon and Stephen C
Levinson  feds), 590611 Specal issue of  Zeitschrift | S Phonetike  and
Kommumnikationsforschung. Bethn: Akaderme Verlag.

; and Levinson, Stephen C. {1993}, 'Uphill' and "downhill' in Tzelwal. Journal of I ingistic
Aunthropology 3(T), 40 74.



854 8§ C Levinson

Bruce, Vicky; and Green, Patrick 11985). Vissal Perception. Hillsdale, NJ FErlbaum.

Brugman laudia {1983 1] he use of [mdv part terms as locatives it C |J:1|r,11to|.po Mixiec.
Survey of Caleforria ‘:md Ovzher Indian Langiages 4, 235 290,

BUlthof, Hewmrich H. {1991). Shape from X: psychophysics and computauon. In
Clompuiationa! Models of Viszal Processing, Michael S. Landy and J. Anthony Movshon
feds.;, 305 330, Cambridge, MA: MIT Press

Campbell, Lyle; Kaufman, Terrence; and Smuth Stark, Thomas {1986}, Meso -America as a

Imuumu area. Language 62{3}, 530 570.

Catlson Radvansky, Laura; and Trwin, David {1993). Frames of reference in vision and
|al;g11agv.' where is abover Cognztron 46, 223 244.

Casad, Fugene H.; and L-.ir'-pm*k(‘r Ronald W. (1985). Tnside' and "'outside' in Cora gram
mar. International [ournal of American inguestzes 5103}, 247 281,

de LeOry, Tourdes {1991 a3, Space Gamer 10 13085800 € .mw:z;gg a Clontext for Spatial Reference.
Cogmuve Anthropology Research Group Working Paper 4. Nijmegen: Max Planck
Institute for Psycholinguistics.

(19916). Strategies in the acquisition of spatal orentaton in Tzotzil. Draft paper,
Cognitive  Anthropology  Research  Group.  Nijmegen:  Max Planck Institute for
Psycholinguistics.

119924). Locative body parts and geographic anchoring in T'zotzil acquisiton. Paper
presented at the Child Langnage Conference, Stanford U niversity, April.

{1992b}. Body parts and location in Tzotzil: a case of pr'lmm'.i'llt"1|i7'{'lior'=, In Space in
!\rI{Jf)J;)zsrzu.zn Languages, Lourdes de Lebn and Stephen C. Levinson {eds.), 570 589,
‘-'wrl'ﬂ issue of 7{/1‘.5‘.br_tjz f Phonetike and Kopmnnikaltionsforschung 4506 Berlin:
Akademie Verlag,

1993} Shape, peometry and location: the case of Tzotzil body part terms. In CI.S 29:
I'>:1/)(,’r:§frr)m the Parasession on Conceptual Representations. (’“.hir‘.a;l,(): ClS.

;and Levinson, Sl(“;hc-r' C. {eds)

1992y, 8 pace in Mesoamerican Languages. Papers from

lh(‘ rnni(‘r(‘h(‘( on “'l'i(‘( ]|\ \"[CS()“[TILI’K"{T I anj’lld'l’(‘g al lh( ( L)?“l“\i( .\thf()’r]()]()‘j’,y
Research Group. SchIal issue ot Zeitschrift far Phonetik, Sprachw issenschatt and
Kommunikationsforschung 4 5(6), 527 641. Berlin: Akaderme Verlag,

Fodor, Jerry (1983, Modutarity of Mind. Cambnidpe, MA: MI'1 Press.

Garticld, Jay (ed.) (1987). Modularity in Knowledge Representation and Natura I.anguage

Understandsing. Cambridge, MA: MI'T Press

Genter, Deirdre {(1977). Children's per
Developrment 48, 1 l.l.>4 1039,

Gibson, Bradley S; and Peterson, Mary A. {1.p.}. Does orientation independent object
f(ff.()?.f'-llj()r:- i"’(:(‘(fd(‘. ()rl(f”li{l]—()f? (i(f‘r}(‘nd(‘.r\l rec (}S’.f-”]()r!' ]‘ \4‘](](‘.[“.(? h'()rl'l a ¢ ulh_pj r'hlrﬂd]s’.T'[L
Journal ofF.xperim ental Psychology - Hum an Perception and Performance.

Haviland, John B. {1988}, Tt's my owt invention: a comparative pnmmmlnﬂ sketch of
Colonial Tzotzil. [n The Grear T sotzed Dictionary of Santo Domingo Zinacantdn, Robert
Taughlin {ed.}, 79 121. Washington: Smithsoman Insutuuon Press.

Heine, Bernd {1989}, Adpositons in Atrican langnages. Ianguistique Afpreaine, 77 127,

5 Claudy, Ulrike; and HU nnemeyer, Fredenke (1991}, Grammaticalbzation -1 Coneepiual
Framewark. Chicago: University of Chicago Press.

¢ on a spatial analogies task,  Ch#d

Herskovits, Annette {1986}, Languaze and Spatial Cognition. Cambridge: Cambndge
L nversity Press.
Hoffman, Donald 1 and Richards, Whitiman {1984}, Parts of recopnition. Cognition 18,

G]_Vn; and Bruce, Vi(:l‘.y 1989 Visual Cogrition. Hillsdale, NJ: Frlbaum.
Hunn, Bugene (1977, Teltal ol Zoology. New York: Academic Press.



Tzeltal body-part terminology 853

Tackendoft, Ray (1987). Consciousness and the € ormputational Mind. Cambridge, MA: MI'T
Press.
; and Landau, Barbara {1992 [1991]}. \L)almJ I'irlytmyt and -L)'ﬂl’iJ cognition. In
Lanzuages of the Mind, Ray ‘]Lu.kf.r.duif, 99124, C dmbrltl;),(:, MA: MI'T Press.
Kanfman, Termence 1971}, Txeltal Phonoiogy and Morphology. University of California
Publications i Lingutstics 61. Berkeley: University of Califorma.
Lakoff, George (1987}, Women, UVire and Dangerows Things. Chicago: University of
Chicago Press.
Landan, Barbara; and Jackendoff, Ray {1993}, "What' and "where' in spatial langnage and
spatial cogminon. Behavioural and Brain §cences 16, 217 265.
Levelt, Willem J. M. (1984). Some perceptual limitations on talking about space. In 7, irs
of Perceptzon, Andrea . van Doom, Wim A. van der Grind, and Jan |. Koenderink {eds.},
323 358. Urrecht: VXU
(1989, Speaking Urom Intention to Articulation. Cambridge, MA: MI'T Press.
Tevine, Susan; and Carey, Susan {1982} Up front the acquisition of a concept and a word
]0”?“’-’!2[@)“(.,)51'&1' I ige 9, 645 057,
Levinson, Stephen C. {1986). The semantics /pragmatics /kinetics of space in Guugu
Yimidhirr. Paper delivered to symposium at the University of Bamberg

1991a). Figure and ground in Mayan spaual deseription: Tzelal locative descriptions.

Paper delivered to the conference "Tiume, Space and the Lexicon,” November, Max Planck
Insumte for Psychohngustics, Nijmegern.

{1991b}. Relatvity in spaual conception and description. Paper delivered at Symposium
no. 112, "Rethinking inguisuc rel
Foundation for Anthropological Research. {Cogniuve Anthropology Research Group

atvity,” May 311, Ocho Rios, Jamaica. Wenner Gren

Working Paper 1. Nijmegen: Max Planck Instumute for Psycholinpuistics.?
{1992}, Primer for the tield investigation of spatial description and conception.
Pragm atics 2(4), 5 47.

1994). ITmmanuel Knot among the Tenejapans: anthropology as
“thos 22{13, 3 41,
Leyton, Michael {1989}, Inferritig causal history from shape. Cognitive Sciznce 13, 357 387.

;and Brown, T’(‘I\(:]op(
empirical ‘,}hiloﬂ)phy.

Maclaury, Robert {1989}, Zapotec body part locatives: ‘,!rululy’n:h and ln(l‘i‘)horlr exten
SIONS. ]ﬂf(M-if)rJﬂdf]LiIJMrI! of Amerzcan Iinguistics 57 L 119 154,

Mart, David (1982}, Liion. New York: Freemat.

Piaget, Jean; and Inhelder, Baerbel (19563, The ¢ pinss Conception of Space. T ondon:

Lmil(‘dpc' and Kegan Paul.

Pinker, Steven {198 Visual Cognition. Cambndge, MA: MIT Press.

Stross, Brian ( 1976). Tzeltal anatomical terminology: semantic processes. In Afavan
Linguistics, vol. 1, Marlys McClaran (ed.). UCLA: American Indian Studies Center.

Svorou, Soteria (1986). On the evolutionary paths of locative expressions. Proceedings of
the Berkeley 1inguistics Soczety 12, 515 527.

Talmy, Len (1983). How language structures space. In Spatial Orientation” Theory, Research
and Application. Herbert Pick and Linda P. Acredolo feds, 225 320. New York: Plenum




	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 

