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Abstract

We show how the different conceptual facets of the
instrumental role of a concrete object can be charac-
terized and introduced in the telic role of the Qualia
structure. We outline different difficulties, among
which prototypicality and context dependence. Us-
ing various languages with an explicit instrumen-
tal grammatical case or with specific type restric-
tions does help to identify instruments among other
proposition adjuncts.

1 Aimsand Motivations

Instrumentality has a quite wide conceptual scope,
amost anything can potentially be used as an in-
strument for a number of tasks, and instrumentality
largely overlaps with other complex notions such as
causes, paths and manners.

It is difficult to give a comprehensive definition
of what instrumentality is. In WordNet it is defined
as 'an artifact, or a set of artifacts, that are instru-
mental (i.e. behave as instruments) in accomplish-
ing some end’, i.e. reaching a certain goal. In this
definition, the triple relation agent-instrument-goal
(asin: John cuts the bread with a knife, where John
isthe agent, knife istheinstrument that does the cut-
ting, and bread cut isthe goal), isleft vague in what
concerns the exact involvement of the agent and the
instrument in the action, and the control the agent
has on the instrument and on the action (Mari and
St-Dizier 01). In this definition, nothing is speci-
fied about the 'deep’ nature or the prototypicality
of the instrument. WordNet simply lists some quite
diverse types of prototypical instruments: systems,
means, implements, hardware, furnishings, equip-
ment, devices, means of transportation, container,
etc.

If amost anything can be an instrument, we can
nevertheless formulate a few criteria. First, an in-
strument is basically non volitional. When humans
are used as instruments, they are not volitional by
themselves. The action is controlled by another
agent who takes the initiative of the action. Next,

there must be a kind of control relation between
the agent and the instrument (e.g. the agent has the
physical ability to use the instrument).

Instrumentality has been relatively widely stud-
ied in psychology, there is much less materia in
linguistics, and even less in computational circles.
However, the notion of instrument is important, for
example, it isakey notion in Qualiatelic roles and,
more practicaly, in question-answering systems to
be able to process questions about instruments.

In this paper, we consider instrumentality as con-
veyed by prepositions or equivalent means (e.g.
postpositions, affixes). Our aim in this study is
twofold:

1. to identify the conceptual facets of instrumen-
tality so that aconceptual semantics can be de-
fined in the spirit of (Tamy, 01), (Wierzbicka
92, 96) and

2. to elaborate an accurate enough model so that,
for a given object, its most prototypical func-
tion(s) as an instrument can be introduced in
an appropriate manner in its Qualiatelic role.

Instruments must be modelled as relational types,
involving at least agent and object, w.r.t. an ac-
tion. Then within the framework of instrumental
guestion-answering, the response of a query may
be elaborated from elements from the a Generative
Lexicon, instead of going through Web pages. We
can then view the generative lexicon as arepository
for instruments, or, even, as a set of indexes, pre-
pared for answering instrumental questions.

Since amost any object can serve as an instru-
ment for a number of actions and considering the
large number of metaphors, we will restrict our-
selves in this paper to instruments denoted by con-
crete objects. Since those objects may be instru-
ments for a large number of tasks, we then need to
develop a measure of prototypicality so that basi-
cally only major uses are accounted for inthe Qualia
telic role of this object. Obvioudly, it would be of
much interest to be able to derive less standard uses



from the standard ones, as a kind of coercion sys-
tem, but probably this is much more pragmatic than
linguistic.

In our work, instruments for actions are identified
from two sources: the Web, for general actions, and
technical texts for specialized procedures. While
with the Web we are confronted with problems
of syntax (identifying PPs which are instruments)
and with prototypicality (the Web abounds in un-
expected uses of instruments, largely metaphorical
and creative, in GL terms), technical texts give us a
quite narrow view of instrumental uses of concrete
objects, restricted to afew operations. A kind asyn-
thesi s between the two views seems to be necessary.

Finally, instead of focusing on a specific lan-
guage, and besides the conceptual study reported
in the next section, we found it useful, in order
to resolve ambiguities between what is an instru-
mental expression or not, to develop a multilingual
approach (Kawtrakul et ai. 06), considering lan-
guages from various families, in particular those
with an explicit grammatical instrumental case mark
(however, we could not include the study of instru-
mental case in Slavic languages).

2 Theconceptual parameters of
instrumentality

In a first stage, let us analyze in depth the dif-
ferent parameters of instrumentality, which will be
of an operational interest for the telic role. The
work reported here is based on the observation
of instrumentality over 12 languages from 5 fam-
ilies. French, German, Spanish, Italian, Berber,
Arabic, Hindi, Kasmiri, Urdu, Bengali, Thai and
Malay (Kawtrakul et alii. 2006). The characteris-
tics of these languages alow for the definition of
quite accurate conceptual distinctions, from the var-
ious marks that they require. These marks include:
prepositions, postpositions, affixes, morphological
marks, and derived terms like verbs, meant to in-
troduce certain types of instruments in specific con-
texts.

Here are, briefly sketched, the different concep-
tual distinctions we have identified, that seem to be
useful for our present work.

2.1 Concreteinstruments

All languages studied have at least one basic in-
strumental mark operating over concrete objects (T:
duai, M: dengan, H: se, U: se, K: sity, B: diye, -e,
-te, G: mit, S: con, F: avec, A: bi, BR: &g). Severa
refinements are identified, for specific types of NPs,
or to denote a specific intention:

e the instrument is a recipient (S: en) or, more

generally, conveys an idea of container (e.g.
spoon) (B: -e kare), the idea behing is that the
container is used to carry the object along a
certain trgjectory,

e theinstrument isapart of the body (e.g. hand):
T. kap. In this case, the instrument is not
strictly artifactual.

e the goal is difficult to reach, it requires some
efforts from the agent (S: abase de),

e the focus can be emphasized by using dedi-
cated marks (G: mit Hilfe (von), Mittels (more
fomal: Das Gericht hat mittels einstweiliger
Verfligung den Drogenhandel untersagt (the
court has with provisiona ordinance the drug
traffic prohibited))).

The second major difficulty is prototypicality
(Rosch, 78). When the instrument used is not
very prototypical of the action, several languages
re-inforce the instrumental prepositions to, sort of,
coerce the type of the noun so that it can become
an acceptable instrument. We have examplesin S;
por medio de, B: sAhAjye, sahojoge, I:
per mezzo di, F. au moyen de, par le
biais de (biais= bias which directly expresses
thisidea), asin:

F: 1l a ouvert la porte au moyen d’un cric (he
opened the door by means of ajack).

At a conceptual level, it is quite difficult to char-
acterize what isaprototypical instrument for agiven
action (characterized by subject-verb-object: John
opens the door). Each event hasits own prototypical
instrument, making corpus studies extremely large,
probably unfeasable. When searching on the web,
we find an incredible variety of instruments to open
a door, ailmost impossible to classify. Next, proto-
typicality is not a boolean notion: instruments are
more or less prototypical. Since the instrument is
very much dependent on the verb and on the ob-
ject, we cannot foresee any form of incorporation in
the verb that would give usindications. A direction
could be to assume Qualia structures (Pustejovsky
91) associated with each potential instrument that
describes the function of the object in the telic role.
For example, key(X) would have open(X, door),
with door being quite generic. This approach could
work via a large lexical development for concrete
nouns, it is much more risky when terms are ab-
Stract.

2.2 Abstract instruments

Abstract instruments (theorems, regulations, exam-
ples, etc.) areredized identically to concrete instru-
ments, but with some typical marks such as: T: tam,



H: dwAra, K: zariyi, B: dwArA, M. mengikut. At
this stage, it is difficult to explain why marks are
different from concrete instruments. An hypothe-
sis could be that abstract instruments are closer to
causes (see 5.5), or to more formal situations for
which specific terms were developed (e.g. for G:
kraft).

There are additional marks dedicated to particu-
lar fields: B: sahajoge, and A: min khilal when
instruments are of type 'example’ (explain with
an example). U: -ke zariye, S por medio
de and G: Anhand, Kraft are more formadl,
stronger for Kraft and apply particularly to areas
like juridical or psychological domains.

People and organizations can be seen as appro-
priate intermediaries for reaching agoal. They may
be conceived as metaphorical instruments. Investi-
gations show that people can get controlled much in
the same way as concrete objects:

F: Elle a informé Paul de son départ par Pauline
(Sheinformed Paul of her leaving "by’ Paulineg).

If we now consider: S: Juan envio este paquete
por correo (John sent this parcel 'by’ post)
Since post is the by-default medium to send pack-
ages, por is the only choice. Using more precise
services, like FedEx, is considered to be an alter-
native way, in that case F. par, avec S. por,
con are both acceptable.

Let us note also that, for example in French or
in Spanish, au moyen de, por medio de (by means
of) are used to introduce instruments which are not
prototypical. This is a way to force or coerce the
"type’ of an object to be an instrument, by virtue of
the preposition semantics.

2.3 Theoverlap instrument-manner

In a number of cases, it is not very easy to make
a distinction between instrument and manner. It
seems there is a continuum between these two no-
tions or even some form of overlap, where the object
is both an instrument and a manner at various de-
grees, which may depend on context. A variety of
marks contribute to characterize this overlap, man-
ners at stake being quite diverse, but we will not
go into the study of manners. Specific marks deal-
ing with the manner/instrument ambiguity are: T:
doi, G: durch (which isaso used for metaphori-
cal spatia uses), M: dengan menggunakan, S:
en, con, a asinS: escribir en/con rojo (write
inred),

T: khian - duai - muek - daeng (write - with - red -
ink)

BR: téte s-éféssen (She-eats with-hands).

24 Causality

It is clear that, a priori, instruments can be viewed
at various degrees as causes of an event. Thereisa
kind of overlap between these two notions. Instru-
ments are not volitional, so they are under the par-
tial or full control of an agent (humans playing the
role of instruments are also controlled by an agent).
Typically I: a causa di,F.a cause de,S a
causa de signal that the instrument has brought
about an event:

| : 1l castello e distrutto a causa di un violento in-
cendio. (The castle has been destroyed ' because of’
aviolent fire.)

Causdlity (e.g. Tamy, 01) being a complex no-
tion, it is not surprising that instruments, viewed as
intermediaries at various degrees, share some fea-
tures with causes. For example in cut the bread
with a knife, the cause of the bread being cut is the
action of the agent, but also the use of a prototypi-
cal property of the knife: the knife does the cutting.
In (Talmy 01), the instrument is embedded into the
causing event:

(caused event) RESULTS FROM (causing event)
where the causing event has the structure:
Instrument ACT ON object, where object is bound
or related in some way to the object in the caused
event.

As analyzed in (Mari and Saint-Dizier, 01), in-
strumentality is the convergence of severa factors:

¢ the degree of involvement of the instrument in
the action, therefore, the fact that the instru-
ment causes the action or is just a means man-
aged by the agent who is the main cause,

e the type of control the agent has on the instru-
ment for the action at stake, from full control
to lack of control,

e the control the agent has over the action as a
whole.

Indic languages and Thai are particular explicit on
these matters. They have specific marks for two ma-
jor cases:

1. agentive instrument, action not controlled by
theagent: H: ke dwAra, U: ke zariyeK:
zariy, desi,T:.doi,

2. causal instrument that does most of the action,
under the control of the agent: H ke kAran,
U.ki vajah se,K.kiny, T:duai,

Berber alows &g only when the agent controls the
instrument. The other cases are expressed by non
prepositional forms.



2.5 Instrumentsand paths

Another productive situation is the use of spatial
metaphors to express instrumentality. The use of
F: par and other marks (e.g. in B., U.), show that
there is a close link between instrumentality and
path descriptions (spatial aswell astemporal paths).
Thisisakind of metaphorical use of paths viewed
as instruments (as can be seen in (Lakoff et al. 99):
"action is motion, goals are paths, actors are trav-
ellers’). Using an instrument parallels the use of
paths in the domain of space.

Marks denoting paths or sources are of much in-
terest. Some have really restricted uses, whereas
others are more flexible. We observe the following
main components:

e paths. T: tam, A: min khilal, S: por, a través
de(por correo, by post), de, G: durch, F:
a travers, note the distinctions, e.g. in M:
melalui (metaphorical paths: M : berhubung
melalui telefon (communicate by telephone)),
menerusi (channel of transmission), H, U: me,
se, T: thang. In B, -e and -te denote paths
where the agent that does the action has no
control, whereas diye and dhare involve at
least a partial control from the agent. In M,
metaphorical passages requiremelalui.

e sources. F: a, A: min a, T: chak (for con-
crete and abstract sources). Example: A:
Achroubou mina Karoura (I am drinking with
bottle), which is aso akind of manner.

The duality path/instrument is particularly visible
in, eg.

K: raam vot tshochi vati kiny gari (ram reach-past
short route via home = Ram reached home by the
short route).

Anather interesting phenomenon occurs when an
argument is both an instrument and a path, as in
look at the moon in a telescope. Telescope is in-
deed the instrument used and also the path through
which one looks, or which the light traverses. This
double facet of the argument is visible in surface
realizations, where the preposition used is ambigu-
ous between instrument (first preposition) and path
(second one) readings: G: mit, durch, S con,
por, M: dengan, melalui,F. avec, dans.
When one wants to strongly stress the path inter-
pretation, then a more path-oriented preposition is
used, eg. S:a través de.

2.6 Meansof transportation asinstruments

Means of transportation (trains, spoons, boxes, en-
velopes, etc.), sometimes viewed as containers, and
mediums of transportation (by air) receive a specia

treatment in a number of languages. T: doi, thang,
M: menerusi, melalui (for metaphorical mediums
and passages), H: me, U: ke zariye, K: manz, zariy,
B: kare, -e kare, -ya kare, A: aa, BR: ge, kh-,
G: per, S: por, en, F: par. We have, for example:
U: raam gaadi ke zariye daftar gayaa (ram car by
means of office go-past = ram went to post office by
car)

T: pai - pa ris - doi - khrueang bin (Go to - Paris -
by - plane)

B: Nouko-ya kare phuketa jAo or Nouko-ya phuketa
jAo (boat-e kare phuket go or boat-e phuket go = go
by boat to Phuket)

A distinction is made between the medium and
the means as for: M: secara, which is used for
means of communication such as email or letters. If
the agent has effective control over the means, then,
for example, Suses con.

2.7 Our target

In order to have a quite refined instrumental de-
scription of objects in the telic role, we keep the
following distinctions. concrete, abstract (possibly
metaphorical), manner, causal, agentive, path (with
subdivisions such as source), and means of trans-
portation. A concrete noun can obviously have sev-
eral instrumental roles of various kinds.

3 Thechallenge of acquiring instrumental
infor mation

Let us concentrate, in this short paper, on the ac-
quisition of instrumental roles from Web data for
concrete nouns. So far, the method is essentially
manual, due to the complexity of the analysis and of
the decisions to be made, which still need accurate
evaluations. The current study has been realized on
asample of 100 concrete nouns from various techni-
cal domains. Thisstudy isuseful prior to developing
acquisition tools for instrumental functions.

3.1 Data collection

To collect data from the Web, we use a very sim-
ple bootstrapping method, which consists in using
a’seed’ as aquery and then collecting related data.
We have two converging tests: (1) we use a well-
defined instrumental mark + a concrete noun (e.g.
by means of a hammer) and we collect a whole set
of forms: Verb-Object-Instrument or (2) we start
from averb + the object (cut glass), expecting an in-
strument. The verb chosen is based on our intuition
of aprototypical action to be made on the object.
These tasks are redlized first on one language
from the above mentioned. However, whenever
necessary, this task was realized in parallel on sev-
eral of the above languages, in order to have amore



accurate analysis of instruments and also to elimi-
nate a number of terms which are misinterpreted as
instruments, due to the polysemy of marks. Thisis
realized by taking into account instrumental marks
that we use to filter out PPs which are not in-
strumental. This requires the use of multilingual
ressources in order to get appropriate translations of
seed terms and responses in the various languages
studied. These multilingual tests were used only
when data was ambiguous.

3.2 Organizing data

The next problem is to organize the data we obtain
around 'prototypical kernels'. Advanced question-
answering, since 2004 (Harabagiu et ai. 2004),
have investigated techniques to select or produce a
single answer among a set of candidates, which is
not fully coherent. Thisis realized via fusion tech-
niques, applied either on numerical data (Moriceau
2006) or on conceptual data. Most algorithms are
based on probahility distribution measures that out-
line semantic approximations. A set of seven fusion
operators have been elaborated, which are relevant
for our purpose: contradiction (with degrees), ad-
dition, refinement, agreement, generalization, ten-
dency and irrelevance (see (Webber et ai. 2002)).

In general, we get a variety of responses to a
given seed test. For agiven object, we may get vari-
ations (by refinement, agreement, generalization)
around a similar prototypical function, or a num-
ber of different types of functions (by addition, ten-
dency, possibly weak contradiction) which depend
on the task. As a complement, if we now consider
a given task, we may similarly get closely related
instruments, rather prototypical, or a set of different
types of instruments, if thetask iseither generic or if
there are several ways of doing it. For example, for
"cut glass', theinstrument to be used depends on the
type of glass, on thetype of object to realize (e.g. an
aquarium) and e.g. on the type of edge desired.

Responses found on the Web are extremely di-
verse (e.g. for the above example: cutter, diamond
cutter, CNC cutter, water jet cutter, diamond point,
laser, tungsten carbide wheel, diamond steel small
wheel, hammer), and some of them are really un-
expected (head, hand, heart, words, songs, €tc.).
Some of these instruments are closely related to
each other and are different specialized variants. For
example, we have different types of cutters, namely,
cutter, diamond cutter, CNC cutter, water jet cutter,
etc. These are all variants and a cutter is kept as the
most prototypical of these instruments.

More generdly, in order to avoid a proliferation
of possible uses of a concrete object, we need to

elaborate a strategy that identifies its most prototyp-
ical functions, and the objects it applies to. Unfor-
tunately, this may be highly contextual. The sta-
tistical distributions observed for verbs describing
functions alow us to quite easily identify a proto-
typical verb (in the above example, for the seed *by
means of a cutter’, cut and related verbs have an
occurence frequency of 78%, the other verbs en-
countered being e.g. clean, draw, scratch). For a
given task, instrumental objects are much more di-
verse. We need to identify them via a graph, real-
ized from a conceptual metrics and a genera pur-
pose ontology or equivalent system like WordNet
(Fellbaum 93). The graph characterizes conceptual
distances between objects in a simple way in our
case, and therefore it allows for the identification of
one or more prototypical instruments, as advocated
above, for question-answering (which isin fact our
ultimate goal in this project).

3.3 Representing instrumentsin Telic roles

In the telic role, the instrumental function is there-
fore represented not by a single predicate as gener-
aly assumed, but by alogical expression, where:

1. the action performed is expressed by a generic
verb predicate including an event notation,

2. the different circumtances, if any, are specified
by means dedicated predicates which are, in
our case, mainly thematic role labels that we
use in our applications,

3. the resulting situation or the goal is specified
by a predicate goal(event, GOAL)), where the
verb that appear in GOAL specifiesthe purpose
in a quite generic way. GOAL can be a sin-
gle predicate, aformula, or any other appropri-
ate semantic form such as a Lexica Concep-
tual Semantics representation (LCS). The LCS
isused e.g. when there isno direct predicate to
encode the resulting situation.

For example, we have, for the following nouns used
as instruments the following telic roles (X denotes
the object and Y the actor):

cutter(X):

telic: concrete instrumental role:

cut(X,glass,e) A manner(e,sharp) A

goal (e,build(Y,acquarium)).

scissors(X):
telic: concrete instrumental role:
cut(X,hair,e) A goal(e, shorten(Y,hair))
cut(X,paper,e) A goal(e,
[event GOJrchar,Jrident([thing paper]v



[path From—l—char,—l—ident([property 07716 piece]),
TOJrchar,Jrident([property several pleces])])

example(X):
telic: abstract instrumental role - example:
explain(X,contents,e) A goal(e,clarify(Y,contents))

An interesting remark is that, on the web, instru-
mental expressions are often associated with warn-
ings (e.g. precautions to take) and prerequisites,
which are quite informative, these could beincluded
in aresponse in a question answering system.

4 Resultsand per spectives
This preliminary work has allowed us to:

e define a quite accurate conceptual model for
instrumentality in connection with its language
realizations, over aquite large set of languages.
This alows us to characterize several opera-
tional categories of instruments, and predict
their use in concrete situations,

e propose, viathe study of about 100 seed tests,
astrategy for organizing groups of instruments
collected from the web via fusion techniques
and a conceptual metrics. The work was car-
ried out from two perspectives: the object and
the action, and from several languages, for a
better accuracy and precision,

e show how instruments can be represented by
means of alogical representation in the Qualia
telic role for concrete objects.

The goal is now to partly automate this procedure,
so that the work can be further extended. Asaside
effect, we will then be able to answer instrumen-
tal questions with much more accuracy. This ap-
plication was, in fact, the motivation for this more
generic work.
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