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a b s t r a c t

In this paper, we explore how observers of a reach-to-grasp action can identify and distinguish between
the agent and patient (i.e. target) of the action. We investigate the hypothesis that there is a characteristic
sequential structure to the observer’s pattern of saccades, with the agent being fixated first, and then the
target. We report an experiment which indicates that this sequence of saccades, while not ubiquitous, is
overwhelmingly more likely than chance. The experiment also sheds some light on the mechanisms
which allow the observer to saccade from the agent of the action to the target.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The topic of this paper is visual action recognition—the process
whereby an observer watches an action and computes a mental
representation of it. What is involved in this process depends on
how one interprets the notion of an ‘action representation’. Most
narrowly, an action representation can be understood as a simple
action category (e.g. grab or push). More broadly, it can be under-
stood as a representation of ‘what the agent did’, including refer-
ence to any objects which were acted on (e.g. an agent might
grab a cup or push a button). Most broadly, it can be understood
as a representation of the complete event which the observer wit-
nessed, including a reference to the agent as well as to the action
performed. In this paper, we are interested in action representa-
tions in this broadest sense. We focus on a simple situation, in
which an observer watches an agent reach and grasp a nearby tar-
get object. Our interest is in the perceptual mechanisms which al-
low the observer to build a representation of the grasp action as an
event, including reference to two objects (the agent and the target),
and indicating the role each object plays in the action.

Our particular interest is in how the observer identifies and rep-
resents the agent and the patient of the action. Two questions can
be distinguished. One is about perceptual mechanisms: how does
ll rights reserved.
the observer perceptually identify which object in the viewed
scene is the agent and which is the target? Another is about repre-
sentations: how are thematic roles such as ‘agent’ and ‘patient’ de-
fined, and what representational device binds particular objects to
particular roles? These two questions are related, because action
recognition mechanisms must ultimately deliver event representa-
tions. In this paper, our aim is to study the action recognition
mechanism, to see how it might deliver distinct representations
of agent and patient.

We will investigate a very simple hypothesis, which concerns
the time course of visual attention during action recognition. The
hypothesis is that an observer of a reach-to-grasp action canoni-
cally attends first to the agent, and then to the patient of the action.
We will investigate this hypothesis by studying the eye move-
ments of observers. There are some reasons to predict that observ-
ers will tend to saccade first to the agent. It is known that
observers’ attention is captured by objects which begin to move,
especially if they are animate (Abrams & Christ, 2003). And it is
also commonly assumed that the agent of an action exhibits more
motion and/or animacy than the patient. (In fact, this is a criterion
used by some to help define the notions of agent and patient—see
e.g. Dowty, 1991.) There are also some good reasons to expect that
observers of a reach-to-grasp action only attend to the target ob-
ject after attending to the agent. Some recent studies (Flanagan &
Johansson, 2003; Rotman, Troje, Johansson, & Flanagan, 2006) have
found that observers of a reach-to-grasp action systematically
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saccade to the target of the action well before the agent’s hand
reaches it. Observers appear able to identify the agent’s intended
target, and make an anticipatory saccade to it. The information
needed to infer the agent’s intended target must come from an
analysis of the agent’s attitude or movements very early during
execution of the reach. Therefore, we might expect that observers
will attend to some part of the agent before saccading to the target.

If there is a strong sequential structure in observers’ saccades to
the agent and target object, then it may be that observers make use
of this structure to help distinguish the agent and patient of an ob-
served reach-to-grasp action. They may even make use of the
structure to help distinguish agent and patient in event represen-
tations. If an event representation holds a record of the sequence
of attentional events, then agent and patient may be identifiable
by their serial position in this sequence.

The experiment we report in this paper investigates whether
there is indeed a canonical sequence of eye movements during
the observation of a simple reach-to-grasp action. Naturally, this
is a question which must be answered empirically. There are rea-
sons for expecting the agent to be attended to before the target,
but it is not a foregone conclusion that this will happen. In fact,
the only study to date which has looked for sequential structure
in the pattern of saccades to agents and patients in transitive ac-
tions (Griffin & Bock, 2000) did not find any. Our study has two
aims: first to examine whether observers execute a canonical se-
quence of saccades to the agent and the target when watching a
reach-to-grasp action, and second, if there is such a sequence, to
investigate what mechanisms allow the observer to transition from
the agent to the target.

Our experiment addresses some outstanding questions raised
by the experiments of Flanagan and Johansson and Rotman et al.
In both those studies, observers watched a single agent perform
a series of reach-to-grasp actions. The identity of the agent was
therefore not at issue; observers’ attention was focussed on the
agent’s workspace (the tabletop on which the targets rested), and
it seems likely that any stimulus-driven anticipation of the agent’s
intended target was due to attention to the agent’s early hand tra-
jectory.1 These studies investigate action recognition in a narrow
sense; observers are computing representations of ‘what the agent
did’, rather than of whole events. In our experiment, observers watch
a scene in which there are two possible actors, so the identity of the
agent in each observed action needs to be perceptually established.
In this situation, there are two reasons to saccade to the agent: firstly
to identify the agent, and secondly to infer the intended target. In
either case, as already discussed, there are reasons to predict that
observers make an early saccade to the agent before saccading to
the target.

We investigate this, by examining which sources of information
about the agent observers use to anticipate the target. The agent’s
gaze probably provides information about identity and intended
target, while the agent’s initial hand movement probably only pro-
vides direct information about the intended target. We predict that
observers can use gaze alone to identify the intended target, and
frequently do so when recognising whole events.

Our experiment also seeks to address some unresolved ques-
tions in the study of Griffin and Bock (2000). In their experiment,
observers were presented with a series of action stimuli, each
depicting a different scene featuring an agent and a patient, and
were asked to report what they saw using a complete sentence,
1 In fact, in Flanagan and Johansson’s experiment, the agent performed a
predetermined sequence of reach-to-grasp actions. Observers’ anticipations of the
target could have been due to knowledge of this sequence, rather than to information
in the stimuli. However, in Rotman et al.’s study, the agent’s targets were not
predictable in advance, and observers still reliably anticipated the target. In this case,
anticipation must have been due to information in the stimuli.
so observers were certainly obliged to compute full event repre-
sentations in this paradigm. However, Griffin and Bock’s action
stimuli took the form of static line drawings. This mode of presen-
tation makes it hard to interpret an observer’s eye movements.
When the observer first looks at a scene depicting an action, she
may need to compute a representation of the scene (see e.g. Oliva,
2005) which is distinct from her representation of the action itself.
There is no easy way of distinguishing which eye movements re-
late to ‘scene perception’ and which relate to perception of the ac-
tion. To avoid this confound, we used video action stimuli in our
experiment. Observers were first shown a still video frame pre-
senting the scene, including the two potential agents and a range
of potential targets. After a delay, the video stimulus was played.
It was assumed that any eye movements occurring after this point
related to the action recognition process, rather than to scene
recognition.

In each video stimulus there were two actors seated at a table,
facing the observer, and three target objects placed within reach on
the table (see Fig. 1 for an example of the scene). One of the actors
(the agent) performed a normal reach-to-grasp action upon one of
the objects, while the other actor (the non-agent) remained still,
fixating a neutral position. The order of agents and targets selected
was randomised across trials, so the observer could not predict it.
Also, during production of the video stimuli, the actors themselves
were not made aware of the target for a particular reach action un-
til the start of that action so as to minimise any unconscious orien-
tation on their part. After each video stimulus, the observer had to
indicate the agent and patient (i.e., selected target) of the observed
action. Observers were therefore required to recognise complete
events, rather than just actions. Despite this, our subjects still per-
formed anticipatory saccades to reach target in the majority of tri-
als (see Section 3.1 for details).
2. Methods

2.1. Participants, equipment and materials

There were 8 participants (4 female), with a mean age of 29.8
(range 21–53), all with normal or corrected-to-normal visual acu-
ity, and all naive to the hypotheses of this experiment. The stimu-
lus videos were recorded at 25 Hz, and were presented on a
405 mm (720 pixel) wide by 303 mm (576 pixel) high CRT monitor
refreshing at 100 Hz, placed 610 mm in front of the observer’s eyes.
Eye movements were recorded monocularly at 240 Hz via video-
oculography using an iView X Hi Speed (SMI, Berlin).

Each stimulus video contained the same two actors, and same
three objects, in the same configuration in the scene. In each video,
one actor (the agent) reached for one of the objects (the target).
Upon reaching the target, the agent grasped and lifted it slightly
before replacing it. The agent then returned his/her hand to its
starting position, and his/her gaze to the neutral fixation position.
The other actor remained still throughout the action. The first dis-
cernible movement from the agent, in any video, was the onset of a
saccade to the target of the reach, which occurred 40 ms (one
frame) after the start of the video, but because the agents were told
to perform the reaches normally, there was variation in the lengths
of trials, and in the onset of the agents’ other movements. The vid-
eos had a mean length of 5044 ms. There were three examples of
each agent/target reach combination, giving us a total of 18 unique
stimulus videos.
2.2. Procedure

At the beginning of each session, gaze position was calibrated
using the iView X software. The observer fixated each of 13 targets



Fig. 1. A frame from one of the stimulus videos, showing the agent about to grasp the target. The black boxes show the Regions of Interest used in the sequence analysis.
Overlaid is illustrative gaze data from a single subject, from all trials in which the left agent reached for the green target. Circles indicate the position of fixations, connected to
the next fixation in the trial by a straight line. Colours indicate the time period (in 250 ms bins from the start of the trial) in which the fixation occurred.
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distributed uniformly over the entire screen. Prior to each trial, the
ongoing maintenance of accurate calibration was monitored by
having the subject fixate five target points in a more restricted re-
gion encompassing the regions of interest (ROIs). If gaze position
did not match one or more of the targets then the full calibration
process was repeated prior to continuing with the trial. In practice,
most subjects did not require re-calibration. At the beginning of
each trial, the subject again fixated each of the five targets, pre-
sented for 1000 ms each in a random order every trial. These gaze
data were recorded as a permanent record of objective calibration
quality for each trial. Calibration targets were much smaller
(16 � 16 pixel) than the regions of interest used in the analysis.
Hence any undetected calibration errors could contribute to erro-
neous ROI assignment only in the case where fixations were very
close to the borders of adjacent ROIs.

A single trial ran as follows:

1. The first frame of the video stimulus, which was the frame prior
to the first observable movement made by the agent, was
shown as a still for 2500 ms. The observer was instructed to
freely explore the scene with their eyes during this period,
allowing them to become accustomed to the scene. We assume
that most eye movements occurring while the action was under
way should therefore, be related to the process of action per-
ception rather than scene perception.

2. A small (16 � 16 pixel) red fixation target was overlaid on the
still frame, above and between the heads of the two agents,
for a variable delay of 1300–1900 ms. The observer was asked
to fixate this target when it appeared so that there was a con-
stant gaze position at the beginning of each trial. Any trial
which began with the observer not fixating the target location
continued but was discarded from analysis.

3. The fixation target disappeared and the video began to play. The
observer was free to move his/her gaze so as they saw fit. That
is, no instructions were given as to what they should do during
this period. They were only told that after the video ended, they
would be asked to answer two questions about it (see below).
4. Each video ended 2000–3000 ms after the actor grasped the
target.

5. The video was replaced with stylised black male and female sil-
houettes, corresponding spatially to the location of the previ-
ously displayed actors, above which was the text ‘‘Which
person reached for the block?”. The observer was asked to fixate
the silhouette indicating which actor had performed the grasp.
When satisfied that the correct answer was being fixated, the
observer pushed a key which moved to the next display. Gaze
position at the time of the keypress indicated their choice.

6. Three large squares were displayed, corresponding in colour
and spatial order (left, middle, right) to the blocks in the video.
Above them was the text ‘‘Which block was reached for?” Once
more, gaze position at the time of the observer’s keypress was
used as the event report.

7. Calibration quality was checked and the next trial commenced.

2.3. Analysis

Each subject participated in three blocks of trials, where a block
contained a single viewing of each unique video, presented in a
random order. Thus there were a total of 432 trials recorded. Of
these, 18 trials (one block’s worth) were discarded because the
data were corrupt; 56 trials were discarded because the subject
was not fixating the fixation point at the start of the trial; and 12
trials were discarded because the subject failed to correctly indi-
cate either the agent of the trial or the target of the trial. This re-
sulted in 346 valid trials.

2.3.1. Regions of interest
For the purpose of analysis, we divided the video stimulus into

eight regions of interest (ROIs, outlined in black in Fig. 1). These re-
gions corresponded to the three possible targets (‘left target’, ‘mid-
dle target’, ‘right target’), a head region and a body region for each
of the two actors (‘left head’, ‘left body’, ‘right head’, ‘right body’),
and a region surrounding the central fixation square (‘fixation
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square’). Using the data collected from a given trial (i.e. a single ac-
tion-observation episode), we represented that trial as a sequence
of ROIs. Any fixation that fell within one of our defined ROIs was
labelled with the region’s name; any fixation outside of these re-
gions was labelled as having no region. As we were interested in
the observers’ eye movements relative to the action being ob-
served, the label was defined relative to that action. For example,
if the observed action was performed by the left actor, fixations
in the left head region would be labelled as ‘agent head’ and fixa-
tions in the right-head region would be labelled as ‘non-agent
head’. For the sake of clarity, the agent head and agent body re-
gions will be reported as a single region, called ‘agent’, and likewise
with the non-agent regions. Similarly, if the target being acted
upon were the middle target, then fixations to the middle target re-
gion would be labelled as ‘target’, whilst fixations in either of the
other target regions (left target, right target) would be labelled as
‘non-target’. Thus, each observation episode, independently of
which actor and target were involved in the observed action, can
be represented as an ordered list of region labels.
2.3.2. Temporal structure of saccades
We used this representation to search for any temporal regular-

ities in the data, in other words, whether observers were looking at
similar places at similar times. The fixations from each trial were
placed into 250 ms bins, the first of which began at the start of
the trial, such that if a fixation started in a particular ROI (e.g. the
agent head region) during a particular time-period (e.g. at
700 ms after stimulus onset) then the corresponding bin (in this
case, the 500–750 ms bin) was said to contain that fixation. The
number of fixations in each ROI in each bin was then calculated.
The bin data were then collapsed over all trials from all observers.
The results are presented in Section 3.2.
-1000 0 100
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Fig. 2. The time at which the observer began to fixate the target relative to different even
relative to the start of the agent’s reach; (C) target fixations relative to the time at which t
fixations relative to the time at which the agent’s hand reached the target. Negative tim
histograms indicate the distribution of all trials, circles represent individual subject m
confidence intervals).
2.3.3. Sequential structure of saccades
We also represented, for each trial, the subject’s saccades as a

sequence of ROIs, with within-ROI saccades collapsed to a single
instance of that region. The motivation for this was that such with-
in-ROI saccades do not actually change the general sequence of eye
movements, but only change the timing of these movements,
which is not a factor in this analysis.

We were then able to calculate whether particular sequences
occurred more often than would be expected by chance. These re-
sults are presented in Section 3.3.
3. Results and discussion

3.1. Anticipatory saccades

As in the studies of Flanagan and Johansson (2003) and Rotman
et al. (2006), our observers’ saccades anticipated the agents’ move-
ment. In 292 (84.4%) of our 346 valid trials, the subject fixated the
target at some point during the recording process. Of these, 262
(89.7%, or 75.7% of total valid trials) were anticipatory fixations,
where the subject fixated the target prior to the actor’s hand reach-
ing it. This happened even though, before the trial started, the ob-
server knew neither the actor who was to perform the action, nor
the target involved in the action. As can be seen in Fig. 2D, the
observers’ fixations anticipated the grasp by a mean of 369 ms
(95% confidence interval: 256–482 ms). Bearing in mind that the
times given are for the start of the target fixation, and thus do
not include saccade preparation time (on the order of 200 ms
(Montagnini & Chelazzi, 2005) or saccade duration (which, in the
current experiment, was 51.8 ms on average), the results strongly
support Flanagan and Johansson’s finding that the observers are
anticipating, rather than reacting to, the agents’ movements. And,
0 2000 3000
ixation upon target (ms)

ts in a trial. (A) shows target fixations relative to stimulus onset; (B) target fixations
he movement of the agent’s hand unambiguously indicated the target; and (D) target

es indicate that the fixation reached the target prior to that event occurring. The
eans, and diamonds indicate the group mean relative to each event (with 95%
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Fig. 3. The number of fixations in each Region of Interest over time. Each point represents the number of new fixations, occurring in a particular bin (bin size = 250 ms), that
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2 The majority of the fixations on an agent fall on the agent’s head (49 of 77 agent
fixations in the first bin; 48 of 58 agent fixations in the second bin). This could suggest
that the observer is following the agent’s gaze in order to anticipate the target of the
action. However, as previously discussed, anticipation is also possible without
saccades to the agent’s eyes.
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as shown in Fig. 2D, the anticipatory pattern of saccades is not just
an aggregate effect across subjects; it is shown for each individual
subject.

We also want to investigate what sources of information subjects
are using to anticipate the target. The two main candidates dis-
cussed above are the agent’s gaze and the early movement of the
agent’s hand. In the first case, the subject would be using the agent’s
own preparatory saccade to glean information about the target of
the reach by establishing joint attention (Driver et al., 1999), and
in the second case, the subject would be extrapolating from the
early trajectory of the agent’s hand to anticipate its eventual desti-
nation. Both of these are certainly plausible. In the studies of Flan-
agan & Johansson (2003) and Rotman et al. (2006), for instance, the
subjects had no access to the agent’s gaze, and therefore could not
be using it as a source of information; it is likely that hand trajectory
was the main cue used to anticipate the target in both cases.

The most obvious way to examine which source of information
subjects are using is to analyse where subjects look immediately be-
fore an anticipatory saccade to the target. In our case, the region
most commonly fixated immediately prior to saccading to the tar-
get, was the agent ROI. This occurred in 42% of the anticipatory trials.
However, it is also likely that the subjects are getting information by
attending covertly to the action, as is evidenced by the fact that in
24% of the anticipatory trials, the fixation point ROI was the only
ROI fixated before saccading to the target. Thus it is possible that,
similarly to the studies mentioned above, subjects are attending to
the agent’s hand trajectory to extract information, albeit covertly.
Fig. 2 provides information relevant to this hypothesis.

To investigate to what extent hand trajectory was a cue in our
experiment, we analysed each video stimulus to determine the
earliest time at which the agent’s hand trajectory unambiguously
indicated the intended target. All 18 videos were assessed for the
time at which the reach became unambiguous (the validity of this
subjective rating process was checked by having an independent
rater make the same assessment for each video, with good agree-
ment (Pearson’s r = 0.91) between the raters), and the time at
which subjects saccaded to the target was plotted relative to this
time. The results are shown in Fig. 2C.

As the figure shows, there are a number of target fixations that
occur too near (either before, or soon after) the time where the
agent’s hand trajectory allows the target to be assessed unambig-
uously, for this to be the only information used. It is worth reiter-
ating that the times reported do not include saccade preparation
time, which means that the subject must have identified the target
earlier still. In these cases it seems likely that the subject is relying
on other sources of information, such as the agent’s gaze, rather
than the agent’s hand trajectory. However, it is possible that, in
the trials where the target is fixated before the agent’s reach be-
came unambiguous, the subject was employing an opportunistic
strategy of selecting and fixating any one the possible targets,
rather than anticipating based on cues relating to the actual target.
If this were the case, then, on those trials where one of the possible
targets was fixated while the reach was still ambiguous, the likeli-
hood of the correct target being fixated would be 33%, or chance. In
fact, the subjects do rather better than chance, with 24 of the 37
instances of early fixations to possible targets involving the actual
target of the action. The binomial probability of 24 or more correct
fixations happening (given n = 37 and p = 0.3333) is small
(p = 0.00008), which makes it unlikely that the subjects have no
information about the actual target prior to the agent’s reach
becoming unambiguous.

In general, however, we cannot rule out the possibility that sub-
jects supplement overt attention with covert attention, either to
the agent’s gaze or hand trajectory or both. For the majority of tri-
als, by the time the saccade to the target had started, the agent’s
gaze had already alighted on the target, and the agent’s hand
was already in motion, and either of these (or one of a myriad other
postural cues) would have given sufficient information for the sub-
ject to correctly anticipate the target.
3.2. Temporal structure of saccades

As Fig. 3 shows, there is a characteristic pattern to the binned
data (described in Section 2.3.2). From shortly after stimulus onset
to about 500 ms, as subjects move their fixation from the fixation
square, the majority of fixations are in the agent ROI. After the
500 ms mark, however, observers have been able to discern what
is to be the target of the reach action, and, from then on, the major-
ity of fixations fall on the target ROI. Some typical scan paths are
shown in Fig. 1. These results suggest that the observation of a
reach-to-grasp action frequently involves a characteristic sequence
of saccades: first a saccade to the agent of the action,2 and then a
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saccade to its target. However, Fig. 3 is only intended to give a gen-
eral picture of the order of saccades; it does not give explicit infor-
mation about saccade sequences, as it groups data over subjects
and trials. Patterns in individual saccade sequences are considered
in the next section.

3.3. Sequential structure of saccades

Using the representation described in Section 2.3.3 above, there
were 118 sequences of exactly length two in our data, of which 69
were hagent, targeti sequences (note that this disregards cases
which have the hagent, targeti sequence as part of a longer se-
quence, such as when the subject looked at the agent, then at the
target, and then looked elsewhere). There are 30 possible se-
quences of length two: six ROIs (target, non-target, agent, non-
agent, fixation-point, none) in the first position and five ROIs in
the second position (since we allow no repetition). If the probabil-
ities of any of these sequences occurring are equal, as in the null
hypothesis whereby the observers randomly move their eyes be-
tween ROIs, then the chance of an hagent, targeti sequence occur-
ring would be 0.033 or approximately 4 out of our 118 sequences
of length two. The binomial probability of this event occurring 69
or more times (given n = 118 and p = 0.033) < 0.0001. This se-
quence of eye movements would be highly unlikely if the null
hypothesis, that fixations were randomly directed, were the case.
4. Conclusion and future work

There are two important findings in this study. Firstly, it rein-
forces the earlier finding (Flanagan & Johansson, 2003) that observ-
ers of a reach action anticipate the target by saccading to it prior to
the actor grasping it. Secondly, it presents evidence that observers’
eye movements frequently follow a characteristic sequence, specif-
ically, moving from the fixation point to the agent (generally to the
agent’s head) and then on to the target. This sequence is over-
whelmingly more likely than chance.

What is responsible for this characteristic sequence? One possi-
bility is that it is a contingent result of the structure of the stimu-
lus, plus the observer’s goal to establish the agent and patient (see
e.g. Gesierich, Bruzzo, Ottoboni, & Finos, 2008). In our stimulus vid-
eos, the first detectable movement is of the agent, so it makes
sense for the observer to identify the agent first. (In addition, initi-
ation of movement captures attention, so there is a simple bottom–
up reason why the observer first saccades to the agent.) The agent’s
gaze and/or hand trajectory provides the first evidence about
which target is selected, so it makes sense for the observer to use
these sources of information to anticipate the target.

Another possibility is that the sequence is a natural conse-
quence of specialised neural mechanisms involved in action per-
ception. If action perception uses the same sensorimotor
machinery as is involved in executing actions, as Flanagan &
Johansson (2003) suggest, then perhaps observers first attend to
the agent to engage this machinery (for instance by adopting the
agent’s perspective), or as a necessary prerequisite of anticipating
the target.

In fact, there may not be a conflict between these hypotheses. It
would be natural for our action perception machinery to exploit
the sequential structure in action stimuli to bootstrap the automa-
tion of a successful tactic for anticipating the target of reaches. That
is, the first possibility, assuming it is successful, could naturally
lead to its adoption as an automatic sequence of actions for the
perception of this type of action. In any case, there is nothing in
this study to favour one of these possibilities over the other, as
both are entirely consistent with our results.
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