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Abstract 
We present a Parameterized Action Representation 
(PAR) that provides a conceptual representation of 
different types of actions used to animate virtual hu- 
man agents in a simulated 3D environment. These 
actions involve changes of state, changes of location 
(kinematic) and exertion of force (dynamic). PARS 
are hierarchical, parameterized structures that fa- 
cilitate both visual and verbal expressions. In or- 
der to support the animation of the actions, PARs 
have to make explicit many details that are often un- 
derspecified in the language. This detailed level of 
representation also provides a suitable pivot repre- 
sentation for generation in other natural languages, 
i.e., a form of interlingua. We show examples of 
how certain divergences in machine translation can 
be solved by our approach focusing specifically on 
how verb-framed and satellite-framed languages can 
use our representation. 

1    Introduction 
In this paper, we describe a Parameterized Ac- 
tion Representation (PAR) (Badler et al., 1999) 
that provides a conceptual representation of differ- 
ent types of actions used to animate virtual human 
agents in a simulated 3D environment. These ac- 
tions involve changes of state, changes of location 
(kinematic) and exertion of force (dynamic). PARs 
are hierarchical, parameterized structures that fa- 
cilitate both visual and verbal expressions (Badler 
et al., 2000). In order to support the animation of 
the actions, PARs have to make explicit many de- 
tails that are often underspecified in the language. 
This detailed level of representation is well suited 
for an interlingua for machine translation applica- 
tions, since the animations of actions - and there- 
fore the PARs that control them - will be equiva- 
lent for the same actions described in different lan- 
guages. These representations can be incorporated 
into a system which uses PAR-based animations as 
a workbench for creating accurate conceptual rep- 
resentations, which can map to several different lan- 
guages as well as produce faithful animations. 
The verb classes we are currently considering in 

this light involve explicit physical actions such as 
those expressed in the motion verb class and con- 
tact verb class (Levin, 1993). Since we are employ- 
ing PAR as an interlingual representation, we will 
show examples of how it can handle certain diver- 
gences in machine translation, focusing specifically 
on how verb-framed and satellite-framed languages 
(Talmy, 1991) can yield equivalent actions in this 
representation. 

2    PAR representation 
We use parameterized action representations to ani- 
mate the actions of virtual human agents. The PAR 
for an action includes the action's participants (its 
agent and objects), 1 as well as kinematic properties 
such as its path, manner and duration, and dynamic 
properties, such as its speed and force (see Fig. 1). 
The representation also allows for traditional state- 
space properties of actions, such as applicability con- 
ditions and preparatory actions that have to be satis- 
fied before the action can be executed, and termina- 
tion conditions and post assertions which determine 
when an action is concluded and what changes it 
makes to the environment state. 

We created a hierarchy of actions, exploiting the 
idea that verbs can be represented in a lattice that 
allows semantically similar verbs, such as motion 
verbs or verbs of contact, to be closely associated 
with each other under a common parent that cap- 
tures the properties these verbs all share (Dang et 
al., 1998). The highest nodes in the hierarchy are 
occupied by generalized PAR schemas which repre- 
sent the basic predicate-argument structures for en- 
tire groups of subordinate actions. The lower nodes 
are occupied by progressively more specific schemas 
that inherit information from the generalized PARs, 
and can be instantiated with arguments from natu- 
ral language to represent a specific action such as 
John hit the ball with his bat. The example in Fig- 
ure 1 is a generalized PAR schema for contact ac- 

1 Objects and agents are stored in a hierarchy and have 
a number of properties associated with them. Properties of 
the objects may include their location and status. Agents 
have capabilities, such as the ability to walk or swim, and 
properties such as their strength and height. 
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Figure 2: A lexical/semantic hierarchy for actions of contact 

Figure 1: A PAR schema for actions of contact 

tions between two objects. This schema specifies 
that the ‘contact’ action has an agent and two ob- 
jects, and that the action is concluded when the two 
objects come together.2 The preparatory specifica- 
tion of getting the second object is tested and car- 
ried out if the object is not possessed. In order to 
describe a specific action, say hammer, we would 
combine all of its ancestor representations in the ac- 
tion hierarchy, as shown in Figure 2, and add the 
information specific to that action. Since hammer 
inherits from the PAR for hit, and ultimately from 
the PAR for contact, its representation would use 
the generalized ‘contact’ PAR, with a forceful man- 
ner, and a hammer as the instrument. The action 
hit does not specify any instrument, but inherits the 
forceful manner and generalized contact PAR from 
its ancestors, and the action contact leaves both the 

instrument and the manner unspecified, and is asso- 
ciated only with the generalized contact PAR. 

The PAR is intended to provide slots for infor- 
mation that is typically conveyed in modifiers or ad- 
juncts in addition to internal verb arguments. As 
such, it is often the case that several different syn- 
tactic realizations can all map to the same PAR 
schema. For example, John hit the ball, John hit 
the ball with a bat and John swung mightily and his 
bat hit the ball with a resounding crack would all map 
to the same schema.3 

3     Generating Animations 
The main components of our animation system are: 
a natural language interface, a planner and a graphi- 
cal animation (see Figure 3). The PARs are used as 
intermediate representations of the actions between 
components. 

An instruction in natural language starts the pro- 
cess. We use a Synchronous Tree Adjoining Gram- 
mar (Shieber and Schabes, 1990; Shieber, 1994) for 
parsing natural language instructions into deriva- 
tions containing predicate-argument dependencies 
(Schuler, 1999). The synchronous parser extracts 
these predicate-argument structures by first asso- 
ciating each word in an input sentence with one 
or more elementary trees, which are combined into 
a single derivation tree for the entire input sen- 
tence using the constrained operations of substitu- 
tion and adjunction in the Tree Adjoining Grammar 
formalism (Joshi, 1985; Joshi, 1987). As the parser 
assembles these elementary tree predicates into a 
predicate-argument structure, it simultaneously se- 
lects and assembles the corresponding schemas. It 
fills in the participants and modifiers, and outputs 
the PAR schema for the instruction. These schemas 
may be underspecified for actions such as ‘enter’ or 
‘put’ and thus not provide enough information for 
the animation to be produced directly. 

  

2In this example, the second object is the instrument with 
which the action is performed. 

3The relationship between PARs and alternations may be- 
come much more complicated when we consider other verb 
classes such as change of state verbs. 
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