
An embodied model of the syntax of
causative sentences

Alistair Knott, Jeremy Lee-Hand

Department of Computer Science, University of Otago

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 1 / 22



The causative alternation

The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

Sally bent the lever
The lever bent

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.

Why should there be a syntactic difference, when the semantic role
played by the lever in the action is the same in each case?
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The causative alternation

The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

John opened the door
The door opened

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.

Why should there be a syntactic difference, when the semantic role
played by the lever in the action is the same in each case?
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The causative alternation

The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

Sally squashed the grape
The grape squashed

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.

Why should there be a syntactic difference, when the semantic role
played by the lever in the action is the same in each case?
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The causative alternation

The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

John grabbed the cup
*The cup grabbed

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.

Why should there be a syntactic difference, when the semantic role
played by the lever in the action is the same in each case?
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The causative alternation

The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

Sally slapped the table
*The table slapped

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.

Why should there be a syntactic difference, when the semantic role
played by the lever in the action is the same in each case?
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The causative alternation

The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

John punched the ball
*The ball punched

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.

Why should there be a syntactic difference, when the semantic role
played by the lever in the action is the same in each case?
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The causative alternation allows a transitive verb to be used as an
intransitive.

Not all verbs can undergo this alternation!

Sally bent the lever
The lever bent

The alternation is interesting, because the object of the transitive
sentence becomes the subject of the transitive one.
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A syntactic model of the causative alternation

Background idea: a sentence has a surface phonetic form (PF) but
also a logical form (LF).

The LF of a sentence encodes its semantic structure.
It can contain material that’s not visible at PF.

The proposal:
The LF of Sally bent the lever contains the clause [the lever bent]
as a nested clause, introduced by a verb of causation.

At PF, the lower verb bent moves into the position of the higher
verb caused.

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 3 / 22



A syntactic model of the causative alternation

Background idea: a sentence has a surface phonetic form (PF) but
also a logical form (LF).

The LF of a sentence encodes its semantic structure.
It can contain material that’s not visible at PF.

The proposal:
The LF of Sally bent the lever contains the clause [the lever bent]
as a nested clause, introduced by a verb of causation.

John bentthe levercaused

At PF, the lower verb bent moves into the position of the higher
verb caused.

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 3 / 22



A syntactic model of the causative alternation

Background idea: a sentence has a surface phonetic form (PF) but
also a logical form (LF).

The LF of a sentence encodes its semantic structure.
It can contain material that’s not visible at PF.

The proposal:
The LF of Sally bent the lever contains the clause [the lever bent]
as a nested clause, introduced by a verb of causation.

John bentthe levercaused

At PF, the lower verb bent moves into the position of the higher
verb caused.

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 3 / 22



A syntactic model of the causative alternation

Background idea: a sentence has a surface phonetic form (PF) but
also a logical form (LF).

The LF of a sentence encodes its semantic structure.
It can contain material that’s not visible at PF.

The proposal:
The LF of Sally bent the lever contains the clause [the lever bent]
as a nested clause, introduced by a verb of causation.

John bent the lever

At PF, the lower verb bent moves into the position of the higher
verb caused.

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 3 / 22



A Minimalist model of LF

In Chomsky’s current syntactic theory (Minimalism), the building block
of all LF structures is the X-bar schema (XP).

XP

X'

X

spec

comp

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 4 / 22



The LF of a simple transitive clause

Here’s the LF structure of I grab a cup.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

cup

cup

I

grab

grab

grab
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The LF of a simple transitive clause

Note the verb (grab) appears at the head of each XP.
That’s called head movement.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V
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cup
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LF of a clause reporting a causative action

Here’s the LF structure of I open the door.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

door

I

cause
VP

V'

V

door

open
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LF of a clause reporting a causative action

Here’s the LF structure of I open the door.
Open raises into the position of the verb cause.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

door

I

cause
VP

V'

V

door
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LF of a clause reporting a causative action

Here’s the LF structure of I open the door.
Open raises into the position of the verb cause.
This is a special sort of verb movement.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

door

I

cause
VP

V'

V

door

open
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Some questions

John bentthe levercaused

While this model of causative sentences is appealing, it makes some
strong assumptions about cognitive action representations.

Motor actions can be represented by the effects they cause, rather
than just as actions in their own right.
Only some actions can be represented in this way (e.g. ‘bend’ and
‘break’). Others (e.g. ‘grab’ and ‘slap’) cannot.

These assumptions need to be independently justified.
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Causative actions in neuroscience
A common idea in models of action representation is that actions are
represented by their perceived effects, rather than simply as patterns
of movement (Prinz, 1999; Hommel et al., 2001).
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Causative actions in neuroscience
A common idea in models of action representation is that actions are
represented by their perceived effects, rather than simply as patterns
of movement (Prinz, 1999; Hommel et al., 2001).

Umiltá et al. (2008): many macaque F5 premotor neurons are
sensitive to the caused opening/closing movements of pliers, not to the
hand movements that bring these about:

When pliers become fingers in the monkey
motor system
M. A. Umiltà, L. Escola, I. Intskirveli*, F. Grammont†, M. Rochat, F. Caruana, A. Jezzini, V. Gallese, and G. Rizzolatti‡

Dipartimento di Neuroscienze, Università di Parma, Via Volturno 39, 43100 Parma, Italy

Edited by Emilio Bizzi, Massachusetts Institute of Technology, Cambridge, MA, and approved December 4, 2007 (received for review June 27, 2007)

The capacity to use tools is a fundamental evolutionary achieve-
ment. Its essence stands in the capacity to transfer a proximal goal
(grasp a tool) to a distal goal (e.g., grasp food). Where and how
does this goal transfer occur? Here, we show that, in monkeys
trained to use tools, cortical motor neurons, active during hand
grasping, also become active during grasping with pliers, as if the
pliers were now the hand fingers. This motor embodiment occurs
both for normal pliers and for ‘‘reverse pliers,’’ an implement that
requires finger opening, instead of their closing, to grasp an object.
We conclude that the capacity to use tools is based on an inherently
goal-centered functional organization of primate cortical motor
areas.

neurophysiology ! tool use ! goal coding ! motor act

The capacity to manipulate objects is a sophisticated behavior
highly evolved in primates. The basic process underlying it

requires coding of the objects’ intrinsic properties (size and
shape) and their transformation into a specific pattern of finger
movements (1).

In primates, the cortical motor area crucially involved in
grasping is the rostral sector of the ventral premotor cortex or
area F5 (2–6). Neurons in F5 fire in association with specific
types of hand shaping (3, 6), and their activity is temporally
correlated with different grasping phases. Most neurons dis-
charge in association with the last phase of grasping (‘‘actual
grasping’’); others start to fire during the phase in which the hand
opens and continue to discharge during the phase when the hand
closes; finally a few discharge prevalently in the phase in which
the hand opens. Hand grasping appears, therefore, to be coded
by the joint activity of populations of neurons controlling
different temporal phases of the motor act (1).

Primates are able to interact with objects not only by using
their natural effectors, but also by using tools. Common tools,
such as sticks, stones, and rakes, act basically as functional
extensions of natural effectors (7). With practice, they become
parts of the agent’s body schema (8–10).

To learn tool use, its users have to associate an initial action
on an object (e.g., grasp and hold a rake) with subsequent actions
that tool possession offers (e.g., reach for an object). Thus, when
the use of a tool is learned, a distal goal is coded on the top of
the proximal one (11, 12). The aim of the present study was to
investigate how the motor cortical system is able to solve this
problem.

More specifically, we addressed the following questions: When
an object is grasped by a tool instead of the hand, will the cortical
motor neurons code the movement of the hand or the distal goal
achieved by the tool? And if the distal goal is achieved using an
opposite sets of movements, will the neurons still be able to code
the distal goal?

To answer these questions we trained monkeys to grasp objects
using two types of tools: ‘‘normal pliers’’ and ‘‘reverse pliers.’’
With normal pliers, the object was grasped by opening the hand
and then by closing it [Fig. 1A and supporting information (SI)
Movies 1 and 2]. With reverse pliers, the object was grasped by
using an opposite movement sequence: The hand was first closed
and then opened (Fig. 1B and SI Movies 3 and 4). Once the

monkeys learned the task, we tested neurons of areas F5 and F1
(primary motor cortex) during grasping performed by using the
two types of pliers.

Results
Recorded Neurons and Histology. The activity of 113 neurons,
recorded after monkeys learned to use tools, is the focus of the
present report. All of these neurons discharged in association
with hand grasping movements. Fifty-five of them were recorded
from area F5 and 58 from area F1. Both areas were identified on
the basis of their neuron-discharge properties (2, 3, 6) (see also
SI Text) and of intracortical microstimulation (13–15) (see
Methods). Histological controls confirmed the location of the
recorded sites. The sectors of F5 and F1 from which neurons
were recorded in Monkey 1 are shown in SI Fig. 6A. The
electrode penetrations in Monkey 2 had similar locations. SI Fig.
6B illustrates the reconstruction of a series of penetrations in
areas F5 and F1 of Monkey 1.

Activity of Area F5 Neurons. All F5 neurons of the present sample
discharged during grasping done with normal and reverse pliers.

Author contributions: M.A.U., F.G., V.G., and G.R. designed research; M.A.U., L.E., I.I., M.R.,
F.C., A.J., and V.G. performed research; M.A.U., L.E., M.R., F.C., and A.J. analyzed data; and
M.A.U. and G.R. wrote the paper.

The authors declare no conflict of interest.

This article is a PNAS Direct Submission.

Freely available online through the PNAS open access option.

*Present address: Department of Neurobiology and Behavior, University of California, 2205
McGaugh Hall, Irvine, CA 92697-4550.

†Present address: Laboratoire de Neurobiologie et Psychopathologie, Université de Nice,
Parc Valrose 06108, Nice Cedex 2, France.

‡To whom correspondence should be addressed: E-mail: giacomo.rizzolatti@unipr.it.

This article contains supporting information online at www.pnas.org/cgi/content/full/
0705985105/DC1.

© 2008 by The National Academy of Sciences of the USA

Fig. 1. Schematic illustration of the experimental paradigm used. (A) Normal
pliers. (B) Reverse pliers. To grasp the object with normal pliers, the monkey
has to close its hand (A), whereas with the reverse pliers, the monkey has to
open its hand (B). The arrows indicate the direction of the motion of the pliers
tips.

www.pnas.org"cgi"doi"10.1073"pnas.0705985105 PNAS ! February 12, 2008 ! vol. 105 ! no. 6 ! 2209–2213
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An embodied model of causative LF structures?

Hypothesis: maybe causative structures in language reflect causative
structures in the motor system?

That hypothesis buys into an embodied model of language.

An embodied model says something like this:

The human brain’s adaptations for language recruited the
sensorimotor system.
So when speakers process/represent concrete language, they
activate sensorimotor representations.
Feldman and Narayanan, 2004; Bergen and Chang, 2005; Zwaan
and Taylor, 2006; Barsalou, 2008; Glenberg and Gallese, 2012
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A model of causative actions

Obviously the hypothesis needs to be stated more precisely.

Structure of this talk:

1. A computational model of the learning/control of causative actions

2. A hypothesis linking LF structures and sensorimotor processes

3. Evaluation of the hypothesis for causative action sentences
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1. A model of the learning/control of causative actions

Our model is a neural network that controls a simulated hand/arm/eye
system, capable of registering rich tactile signals (Neumegen, 2013).

Objects can be placed in its environment, and it learns through
reinforcement how to interact with them.
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Three stages of motor development

The model contains three sub-networks, that build on each other:

A reach network, that learns to touch objects
A simple action network, that learns non-causative actions on
objects (e.g. ‘grasp’, ‘slap’, ‘punch’)
A causative action network, that learns actions that bring about
movements in objects (e.g. ‘bend’, ‘open’, ‘squash’).

These networks are trained at three successive developmental stages.
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Three types of reward

Each network is trained using a different type of reward stimulus.

The reach network is trained by simple touch stimuli.
The simple action network is trained by rich touch stimuli.

Grasps, slaps, punches are each associated with
characteristic rich tactile stimuli.

The causative action network is trained by the visual system that
recognises the actions of external objects.
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Inputs to the reach network

a current motor state, sensed through
proprioception;

a retinal image of the target object,
sensed through vision.

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 14 / 22



Inputs to the reach network

current
motor state

vision

visual target
 location

posterior parietal/
premotor pathway

proprioception
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The goal motor state

current
motor state

goal
 motor state
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visual target
 location
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A simple feedback controller

current
motor state

goal
 motor state
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visual target
 location

posterior parietal/
premotor pathway

proprioception

feedback
controller

motor signal
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The reach network

reach
network

current
motor state

goal
 motor state
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Training the reach network by exploration
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The joy of touch
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motor state
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 motor state
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visual target
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The simple action network
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Generates a perturbed goal motor state
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Training the simple action network
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A rich tactile signal
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Creating a corresponding motor programme
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A range of simple motor programmes
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The causative action network: two perturbations!
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Training signals for the network

OBJECT UNDERGOES
AN ACTION
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The training process
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Sequential action plans
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Examples of learned simple actions

Grasping. . .
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Examples of learned simple actions

Punching. . .
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Examples of learned causative actions

Bending. . .
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Examples of learned causative actions
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Examples of learned causative actions

Squashing. . .
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Examples of learned causative actions

Squashing. . .
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2. A sensorimotor interpretation of LF structures

Recall: in Minimalism, the LF of a clause is a right-branching structure
of XPs.

XP

X'

X

spec

comp
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2. A sensorimotor interpretation of LF structures

My proposal: each XP describes a sensorimotor operation.
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2. A sensorimotor interpretation of LF structures

And a right-branching structure of XPs describes a sequence of SM
operations.
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2. A sensorimotor interpretation of LF structures

Here’s the LF structure of I grab a cup.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

cup

cup

I

grab

grab

grab
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2. A sensorimotor interpretation of LF structures

Recall: the verb (grab) appears at the head of each XP.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

cup

cup

I

grab

grab

grab

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 17 / 22



2. A sensorimotor interpretation of LF structures

My proposal: each XP corresponds to one of the operations in
grabbing a cup.

AgrSP
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AgrO'
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The temporal structure of a simple action
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The temporal structure of a simple action
‘Grasp’ motor action. . .
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A SM account of verb movement

I suggest that verbs appear in each XP because they are read from the
medium that holds SM operations as they are planned, where they are
active tonically, and in parallel.
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The LF structure of a causative action

Here’s the LF structure of I open the door.

2. The action planning layer has a special role in causative actions.
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Recall that open moves into the position of the verb cause.
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The LF structure of a causative action

Here’s the LF structure of I open the door.
Recall that open moves into the position of the verb cause.
This is a special sort of verb movement.

2. The action planning layer
has a special role in causative actions.
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Predictions about SM processing

2. The action planning layer has a special role in causative actions.

AgrSP

AgrS'

AgrS AgrOP

AgrO'

AgrO VP

V'

V

I

door

I

cause
VP

V'

V

door

open

Alistair Knott, Jeremy Lee-Hand (Univ Otago) The syntax of causative sentences 20 / 22



Predictions about SM processing

1. There’s an extra sequential step in execution of an ‘open’ action.

2. The action planning layer has a special role in causative actions.
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Predictions about SM processing

1. There’s an extra sequential step in execution of an ‘open’ action.
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A SM account of verb movement in causatives

I suggest the special verb movement in causative sentences (open →
cause) is because the causative action network directly accesses the
planning medium.
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A SM account of verb movement in causatives

I suggest the special verb movement in causative sentences (open →
cause) is because the causative action network directly accesses the
planning medium.
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A SM account of verb movement in causatives

I suggest the special verb movement in causative sentences (open →
cause) is because the causative action network directly accesses the
planning medium.
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Summary

In this talk I presented 4 things:

1. A Minimalist model of the causative alternation

2. A computational model of the learning/control of causative actions

3. A general hypothesis linking LF structures and SM processes

4. Some support for the hypothesis from causative action sentences.
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