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SABINE BLAESI 
 

TEMPORAL DYNAMICS IN THE PERCEPTION OF INTENTIONS 

ABSTRACT 

 
The perception and understanding of human behavior is fundamental for 

social interaction.  Mostly grounded in the theory of embodied cognition, the 

study of intentional action has focused on different aspects such as action 

planning and execution, action identity, and action prediction.  Based on 

principles of dynamical systems theory (DST), the goal of this study is test the 

method of using eye tracking to expand our knowledge of the temporal 

dynamics of human intention perception by investigating the time-locked 

sequence of eye movements during social interaction to investigate the online 

decision making process during an action observation task.  Stimuli consist of 

5 sec videos portraying reach and grasp actions, which are either intentional 

(pour coffee) or unintentional (coffee spills), cooperative action (serve other) 

or non-cooperative (serve self). In condition 1 participants are asked to 

determine whether an action presented is intentional, condition 2 whether the 

action is cooperative while collecting eye tracking data. This study 

hypothesized that participants’ eye movements will be sensitive to the task 

demands, predicting that (H1) participants in the intentional group will be 

more likely to attend to the object interactions as compared to the cooperative 

condition and (H2) participants in the cooperative group will be more likely to 
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attend to social cues between the agents as compared to the intentional 

condition.  The results show that the intentional group was more likely to 

focus on the object interactions in support of hypothesis 1.  Furthermore, 

results also showed that the cooperative group focused more on social cues 

in support of hypothesis 2.  Therefore, the results of this study strongly 

support the theory that cognitive processes such as decision-making during 

an intentional or cooperative action are emergent and the temporal dynamics 

can be made visible through eye tracking.  In support of the dynamical 

systems theory, external influences such as task demand were shown to 

have an effect on the viewing pattern, duration of fixations, as well as 

attention to target details while observing a dynamic, natural and social 

interaction. 

 

Keywords: intentions, embodied cognition, dynamical systems theory, joint 

actions 
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CHAPTER 1—INTRODUCTION  

“…intentions are not just private mental acts located solely in the minds of 

individuals, but in many cases reflect emergent properties of interactions 

between people.” 

        Gibbs (1999), p. 22 

 

Social interactions with other humans are ubiquitous.  The perception 

and understanding of human behavior is fundamental for social interaction 

and cooperation, which in turn are highly dependent on a timely, efficient, and 

accurate interpretation of conspecifics’ actions.  It is therefore crucial for 

humans to understand and infer intentions from others’ actions quickly and 

fairly reliably.  Intentions are conceptualized as action goals underlying the 

behavior of others.  Research has shown that humans accomplish the 

interpretation of conspecifics’ behavior with seeming ease from a young age 

despite the fact that movement sequences are embedded in a rich context 

that often makes them ambiguous and incomplete (Chambon et al., 2011; 

Hurley, 2008; Meltzoff, 2002).  Traditionally, cognitive activities such as 

perception, motor cognition, learning, language, and memory were separate 

fields of inquiry.  Over the last two decades, converging evidence from areas 

such as cognitive psychology, motor cognition, perception, neuroscience, 

psycholinguistics, and cognitive science suggest that these areas of research 
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are intimately connected.  The theory of embodied cognition proposes that all 

cognitive activities are firmly grounded in an individual’s experience with the 

body and the various interactions one has with the environment.   

An often ignored, yet crucial element of one’s interactions with the 

environment is the fact that, at any one moment, isolated individual stimuli do 

not exist.  Instead, stimuli are temporally continuous and spatially overlapping 

resulting in a constant influx of multisensory stimulation (Spivey, 2007).  

Therefore, our mind is also in constant flux as modern neuroscientific 

scanning methods have shown and our brain processes sensory input and 

motor output through constant activity in dynamic, interactive neural networks.   

Dynamical systems theory provides an excellent framework to 

investigate continuous and simultaneous cognitive processes from a 

behavioral perspective.  However, the majority of behavioral research in the 

field of embodied cognition relies heavily on static measures such as answer 

by keyboard presses in conjunction with reaction times that are unable to 

capture the dynamic process of online perception, decision-making, and 

action.  As will be discussed in detail below, eye tracking and mouse tracking 

afford time sensitive and continuous records of cognitive processes during an 

experimental task, thereby providing excellent tools for the study of online 

dynamic processes (Freeman & Ambady, 2011; Spivey, 2007).  Consider the 

example of watching a person grasping a bottle of water: will it be to drink out 

of the bottle, pour water into a glass, hand it to someone, or throw it?  Only 
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the context and ongoing action will allow the observer to disambiguate the 

actual intention of the agent (Ansuini, Giosa, Turella, Altoè, & Castiello, 

2008).  The question then arises on which details of an observed action the 

observer bases her perception of an agent’s intention and whether the 

observer’s attention to the details in the ongoing event changes with the task 

demand.  To answer these questions the proposed study explores which 

details of an ongoing, natural interaction with the environment an observer 

attends to during the decision making process in order to determine the 

underlying intention of an observed action.  Grounded in the theory of 

dynamical systems, the goal of the proposed study is to expand our 

knowledge of the temporal dynamics of human intention perception by 

investigating the time-locked sequence of eye movements during social 

interaction.   

The analysis of existing research on (1) embodied cognition and the 

action-perception link and (2) understanding of others’ intentions will provide 

an overview of current findings. Next, a brief overview of key principals of 

dynamical systems theory will show that capturing continuous motor output in 

the form of eye movements is essential to elucidating the mental processes 

that lead to the emergence of a decision based on the dynamic interactions 

between agent and environment.   
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CHAPTER 2—LITERATURE REVIEW 

Embodied Cognition and the Action-Perception Link  

The theory of embodied cognition proposes that the body is 

instrumental in all cognitive activities.  In its extreme form, embodied cognition 

suggests that human cognition is informed by the very body one possesses 

and therefore constricted by the range of possible actions the human body is 

able to perform (Decety & Chaminade, 2005; Gallese, 2008; Niedenthal, 

Barsalou, Winkielman, Krauth-Gruber, & Ric, 2005).  Research investigating 

the action-perception link found support in various fields of psychology.  

Specifically, the fields of action planning and execution, action prediction, 

identity, and action goals have greatly contributed to our understanding of the 

link between action and perception.  

To explore the effect of action planning and execution on perception, 

Brass, Bekkering and Prinz (2001) investigated whether compatible and 

incompatible instructions regarding an upcoming finger movement would 

influence its execution and found that compatible instructions that allowed the 

correct action planning shortened the reaction time as compared to the 

incompatible movements.  Furthermore, they found that compatibility to 

movement types and movement directions most contributed to this effect 

(Brass, Bekkering, & Prinz, 2001).  The study by Miall, Stanley, Todhunter, 

Levick, Lindo and Miall (2006) investigated whether a person’s performance 

of a hand movement affects the discrimination of similar target postures in a 
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series of hand images.  The researchers found that reaction times were 

shorter for both sequential and congruent image series as compared to 

incongruent image series and that the effect can be attributed to a first person 

perspective rather than differential attentional demands (Miall et al., 2006).  

These two studies show that action planning and execution both affect the 

perception of motor actions in humans.  

Over the last decade, the field of action prediction has explored the 

question how ongoing actions of conspecifics are processed and perceived.  

Bach, Bayliss, and Tipper (2011) investigated whether the observation of 

another person’s interaction with an object modulates one’s own movement 

performance.  The authors suggest that object affordances are perceived 

automatically and affect a person’s motor output even if the observed object 

manipulation is irrelevant to the task.  The authors conclude that there is 

“crosstalk between reach and grasp aspects of prehension” where an action 

is modulated by concurrently perceived but incongruent goal-directed actions 

of others (p. 175).  

The following studies elucidate that embodied cognition is highly 

informed by a person’s experience with his or her particular body and 

illustrates the tight link between action and perception that has been well 

established in the literature.  Loula, Prasad, Harber, and Shiffrar in 2005 

investigated whether a person’s own motor experience influences visual 

analysis of action, i.e. observers should be most sensitive to their own action, 
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or, if action perceptions are based on view-dependent visual processing, 

observers would be most sensitive to recognizing their friends.  Using sagittal 

displays of point-light depictions of participants, their friends, and strangers 

performing various actions, participants were asked to identify and 

discriminate the actors on screen.  Participants in the study recognized their 

friends’ actions better than those of strangers.  This difference is attributed to 

the participants’ visual experience of observing their friends during 

interactions.  However, participants recognized their own body movements 

most accurately as compared to those of their friends or a stranger’s leading 

the authors to conclude that a participant’s own motor experience is the 

underlying factor for better self-recognition. 

In 2006, Casile and Giese published a study that separated motor 

action and visual action perception.  This research explored the hypothesis 

that new motor skill learning in the absence of visual learning would influence 

action observation.  The new motor skill asked participants to alter offset of 

the arm swing from the leg movement during walking (Casile & Giese, 2006).  

This study found that the degree to which participants perfected the motor 

skill directly influenced the degree to which their visual appraisal of observed 

actions improved, further supporting the hypothesis that cognitive activity is 

highly informed by the experience with one’s particular body.   

To illustrate the embodied nature of action prediction further, consider 

the case study of a patient with a frontal brain lesion.  Patient DS is no longer 
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able to take target size of an object into consideration when carrying out an 

action and in turn also blatantly ignores the target size while judging the size 

of an object visually (Eskenazi, Grosjean, Humphreys, & Knoblich, 2009).  

The authors suggest that damage to the motor system causes a loss in the 

action prediction network, which results in the perceptual deficit.  Taken 

together, these studies provide support for the embodied cognition 

hypothesis.   

As highly social beings, interactions with others are crucial for survival 

as individuals as well as a species, which demonstrate a tight connection 

between perception and action.  All examples so far portrayed the effect of 

action on perception.  One aspect of social interaction is our ability to mimic 

our conspecifics, which even newborns are demonstrating (Meltzoff, 2002).  

Some mimicking is conscious such as when we try to learn a new motor skill 

like dancing, e.g. a teacher will slowly perform a sequence of body 

movements and then asks the student to repeat the steps, as well as body 

and arm postures as demonstrated.  Another form of mimicry is performed by 

humans in a mostly non-conscious manner that Chartrand and Bargh coined 

the chameleon effect (1999).  The authors reported that subjects who had 

been mimicked by a confederate evaluated the interaction as smoother and 

perceived the confederate as more attractive.  They also found a positive 

association between empathy and the frequency of mimicking and concluded 

that the chameleon effect has an important social function.  In conclusion, 
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research on the chameleon effect and mimicry shows that human social 

interactions, even when outside of conscious awareness, are highly 

embodied and that the link between action and perception is bidirectional.  

Finally, the study of action goals also contributes to our understanding 

of the action-perception link.  The discovery of mirror neurons in the premotor 

cortex of macaque monkeys finally provided researchers with the underlying 

neural structure to the functional link of actions and perceptions (Ferrari, 

Gallese, Rizzolatti, & Fogassi, 2003; Kohler et al., 2002).  These studies 

found that these specialized neurons are equally activated by the observation 

and the performance of an action, e.g. the monkey seeing someone grasp a 

peanut and the monkey grasping a peanut himself.  Since the first discovery 

of mirror neurons through single cell recordings in monkeys, research 

supported the existence of a mirror neuron system in humans, generally 

believed to involve large and small scale neural networks rather than single 

neurons (Buccino et al., 2001; Buccino et al., 2005; Gallese, 2008; Lui et al., 

2008; Newman-Norlund, van Schie, van Zuijlen, & Bekkering, 2007).  For 

example, the study by Calvo-Merino, Grèzes, Glaser, Passingham, and 

Haggard (2006) investigated whether the human mirror neuron system uses 

neural networks in the premotor cortex connected with motor activation or 

whether the mirror neuron system employs the visual pathway for action 

understanding instead.  This study tested the brain activation of expert female 

and male ballet dancers who practice common movements and gender-
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specific motor actions (difference in motor expertise between female and 

male dancers) and are visually highly familiar with both common and gender-

specific motions (Calvo-Merino et al., 2006).  By deducting the brain 

activation of common motor actions from gender-specific moves, Calvo-

Merino and colleagues (2006) found a “greater activation in the premotor, 

parietal, and cerebellum when dancers viewed moves from their own motor 

repertoire” as compared to action observation of motor actions the dancers 

are only visually familiar with (p. 1905).  The authors therefore propose that a 

person’s experience with motor performance as compared to actions a 

person is only visually familiar with affects the activation of the mirror neuron 

system by either preferring the motor pathway or the visual pathway 

respectively.  When extending these findings to everyday interactions such as 

talking to a friend or watching a movie, humans will rely on both the action 

and perception pathways to extract meaning from the environment.  

Understanding of Others’ Intentions  

The study of intentions has been approached from various angles and 

different aspects such as action planning and execution, action prediction, 

and action identity have been suggested to contribute to humans’ 

understanding of conspecifics’ intentions.  Since reaching and grasping are 

among the most common motor acts humans and other primates are 

performing many times throughout daily interactions with the environment, 

these ubiquitous motor acts are ensuring a high level of familiarity during both 
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observation and active engagement with objects in the environment.  To 

explore the comprehension of intention perception during action observation, 

reaching and grasping motions have been extensively used in a variety of 

contexts both in behavioral and neuroscientific research.     

As mentioned earlier, infants are able to infer intentions at an early 

age.  Gergely, Nadsady, Csibra & Biro (1995) investigated to what extent 

babies are able to understand others’ actions.  Using visual habituation, 

research shows that infants as early as 12 months are able to attribute 

intentional actions causally to a rational agent (Gergely, Nádasdy, Csibra, & 

Bíró, 1995).  Further investigation suggested that 12-month old infants do 

indeed have ability to interpret and predict goal-directed actions even when 

part of the intentional act is occluded (Csibra, Bíró, Koós, & Gergely, 2003).   

In support of the teleological hypothesis the authors concluded that action 

comprehension is possible even when the observer lacks motor routine.  

However, infants are not able to distinguish between biomechanically 

possible and impossible actions and will attribute intentional action as long as 

these are carried out in a physically efficient way (Southgate, Johnson, & 

Csibra, 2008).  These latter results indicate that in order to be able to 

recognize impossible movements, humans need to have accrued direct motor 

experience with the observed actions, thereby further supporting the 

embodied cognition view. 
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Research on adults’ ability to infer intentions from observed actions 

corroborates the findings that humans use their extensive experience with 

motor movements and are even able to use bodily movements to predict the 

result of an ongoing action a short distance into the future (Knoblich & Flach, 

2001).  Research also shows that adults are able to judge whether an actor is 

deceitful about the weight of a box he is lifting (Grezes, Frith, & Passingham, 

2004) and whether a ball player is about to throw or fake the throw of a ball 

(Sebanz & Shiffrar, 2009).  More importantly, in the latter study, experienced 

players were able to detect deception based on kinematic information alone 

whereas novices needed postural cues to distinguish between the two 

conditions.   

The question arises to what extent movement kinematics are sufficient 

to determine the meaning of an agent’s behavior such as reaching for a bottle 

in different contexts, e.g. to drink versus hand it to someone.  A study 

exploring reaching and grasping has investigated whether the grasp of 

objects changes depending on the action goal of the agent and shows that 

the grasp of objects as well as the speed of the action changes depending on 

the action goal (Ansuini et al., 2008; Ansuini, Santello, Massaccesi, & 

Castiello, 2006).  Therefore the planning and execution of grasps vary 

according to a task.  However, it is poorly understood whether an observer 

would be able to distinguish the varying intentions based on kinematics alone.  
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The study by Schubotz, Korb, Schiffer, Stadler, and von Cramon 

(2012) explored how movement boundaries and action segmentation 

contribute to action understanding.  Results of their behavioral data show that 

boundary judgments were a reliable measure.  The authors also found an 

indication that neural networks involved in the processing of perceptual and 

mnemonic attention are active during the judgments of event boundaries.  

These results indicate that changes in movement dynamics may draw the 

attention of the observer while also engaging the memories of past events.  

These findings corroborate the proposition that humans are highly sensitive to 

actions and at the same time draw on their experience and memories to 

understand the behavior of their conspecifics.  

 Manera, Becchio, Cavallo, Sartori, and Castiello (2011) investigated 

the role kinematic information plays in regard to an actor’s intention while 

observing prehensile actions.  Manera and colleagues conducted a pre-test 

analysis of the movement kinematics to determine which kinematic 

parameters differed most between the variables.  Results of this study 

showed that participants’ performance was most accurate for natural vs. fast 

speed and cooperative vs. competitive speed and found no significant 

difference in performance between competitive vs. fast speed and 

cooperative vs. normal speed.  Based on the key kinematic feature analysis, 

the authors infer that kinematic similarity between stimuli contributed to the 

difficulty in discriminating between the conditions.  However, using their 
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method of accuracy (key presses) and reaction time, Manera and colleagues 

cannot determine, which information the participant actually attended to 

during their experiment and whether the participants’ strategy during the 

visual scene observation may have contributed to the poor performance in the 

two conditions that were at chance level and showed poor accuracy 

performance overall.   

Dynamical Systems Theory 

The solution to this problem lies in the attention to the temporal 

dynamics of human behavior during interactions with the environment.  

Dynamical system theory provides a cohesive framework that can account for 

both stability and variation in the behavior of natural phenomena.  According 

to dynamical system theory, all dynamic complex systems, including humans, 

can be described by its parameters.  A system is defined as a set of aspects 

that interact with and depend on each other; changes in one part of the 

system affect the behavior of other aspects and in turn the system as a 

whole.  Open systems have multiple internal and external influences that 

affect the system’s state as it unfolds over time (Beer, 2000; Van Gelder, 

1998).  Biological systems are prime examples of open systems: over time, 

their order and complexity is maintained or may even increase such as during 

the development from embryo to an adult human being (Thelen & Smith, 

1995).  The state of a system can be visually represented in a state portrait 

called state space (Spivey, 2007).   
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The dynamical view proposes that ongoing, real-time cognitive 

processes should not be understood as sequential, discrete mental 

operations but as continuously changing neural activity in large and small-

scale networks of the brain (Spivey & Dale, 2006).  These ongoing cognitive 

processes in turn can be made visible using tools such as eye tracking and 

mouse tracking that are able to capture continuous motor output in real time.  

Let us consider these two modalities.   

Research capturing the saccadic eye movements, which are sudden, 

ballistic movements from fixation to fixation, has been successfully used to 

investigate perceptual processes such as reading, visual search, the 

exploration of natural scenes, problem solving, and spoken speech 

comprehension to name just a few (Spivey, 2007).  Saccadic eye movements, 

or saccades, naturally occur three to four times a second and, importantly, 

provide a semi-continuous, nearly immediate record reflective of the cognitive 

processing during a task performance as compared to the traditional data 

collection method of a key press for correctness of response and reaction 

time, which are produced after the cognitive processing has already been 

completed.  Saccades are the most economic motor movements in the 

human body in terms of metabolic cost and any change in spatial attention 

will initiate a jump to the attended position, long before any skeletal motor 

movement can be carried out.  Since saccades are easily triggered and low in 

metabolic cost, they are considered to be reflective of partially activated, 
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transitive mental states that never amount to the production of conventional 

reaction in the form of a motor or verbal output (Spivey & Dale, 2006).  These 

transitive mental states are representative of the cognitive processing of, for 

example, a forced choice task where each option is at least briefly 

considered.   

The typical two-answer forced-choice task could be visually 

represented as a vector landscape.  The movement through the vector field 

constitutes the trajectory in time through the two-dimensional state space 

where each choice creates an attraction basin.  As a participant momentarily 

considers one or the other choice, the trajectory through the space may 

briefly veer towards one attractor basin only to settle into the second as the 

decision emerges.  In conclusion, saccadic eye movements provide an 

excellent, albeit ballistic and therefore semi-continuous, immediate record of a 

participant’s cognitive processes.   

The second method of tracking a participant’s motor output in a time 

sensitive manner is the use of mouse tracking.  During these experiments, 

participants are encouraged to move their mouse right after they clicked the 

start button.  Various studies have shown that this continuous measure of 

motor output, sampled between 60 and 300 times per second, is also 

sensitive to cognitive processes (Spivey, Dale, Knoblich, & Grosjean, 2010; 

Spivey, Grosjean, & Knoblich, 2005).  Spivey and colleagues (2005) reported 

the “continuously evolving flow of distributed lexical activation patterns into 
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motor movements during a phonological competitor task”.  For example, while 

instructed to click the image of a “candy”, the mouse trajectory was briefly 

drawn towards the image of “candle” during the phonological processing and 

disambiguation of the stimulus.  These results show that hand movements 

are able to represent the continuous cognitive processes at work during a 

language comprehension task.   

When comparing the two methods, each has its advantages. While the 

eye movement record is more immediate in its response and able to reflect 

partially activated mental representations, it only produces 3-4 movements 

per second. Also, the movements are ballistic, straight, and once initiated, 

cannot be stopped or altered.  On the other hand, the record of hand 

movements is continuous, smooth, and sensitive to changes during cognitive 

processing, i.e. hand movements are able to show the time sensitive 

processing of ambiguity in stimuli, albeit with about 150 ms delay as 

compared to the eye movements.  

Grounded in principles and methods of dynamical systems theory, this 

paper proposes that decision-making is an emergent cognitive process whose 

temporal resolution can be made visible using the method of eye tracking and 

its sensitivity of to the temporal dynamics will greatly add important details to 

the collected data.  Furthermore, the processing of a visual scene in real time 

through eye-tracking is a more direct way to determine what a participant is 

actually paying attention to as compared to making inferences based on 
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predetermined general features of movement kinematics.  Therefore, it is 

proposed that the analysis of the temporal dynamics of eye tracking will result 

in a fine-grained and detailed picture for correct trials and may even shed light 

on where or why the perceptual system brakes down during inaccurate trials.   

In conclusion, this paper proposes that investigating the temporal 

dynamics of the visual exploration process through eye-tracking during 

disambiguation of human interactions is necessary to understand the 

cognitive processes underlying the understanding of intentions.  The study 

proposed here will apply the dynamical systems framework to the perception 

of intentions in real time.  Twenty short video clips portraying natural 

interactions in a social context are based on previous research exploring 

intentions using reaching and grasping actions (Chambon et al., 2011; 

Iacoboni et al., 2005; Sartori, Becchio, & Castiello, 2011).  The videos vary 

along two dimensions: intentional vs. unintentional and cooperative vs. non-

cooperative, creating 4 types: intentional/cooperative, intentional/non-

cooperative, unintentional/cooperative and unintentional/non-cooperative.  

Participants are randomly assigned to one of the two experimental groups.  

Condition 1 will be asked to determine whether a stimulus is intentional or not, 

whereas group 2 will be asked to determine whether a stimulus is cooperative 

or not.  Since the stimuli vary along both dimensions, every participant will 

view the full set.  As a novel method of investigating cognitive processing, eye 
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tracking will be used to explore which details during action observation are 

necessary and sufficient to determine intentionality.      

Hypotheses   

Based on the proposition that cognitive processes are continuous, ever 

changing, and highly dependent on environmental context, it is hypothesized 

that participants’ eye movements will be sensitive to the task demands 

(intentional vs. cooperative), predicting a difference in the areas participants 

attend to.  Participants in the intentional group will be more likely to attend to 

the action itself and interactions with objects (H1) whereas participants in the 

cooperative group will be more likely to attend to any social cues between the 

agents (H2).  
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CHAPTER 3—EXPERIMENT 1 

Method 

 The purpose of the first experiment was to test the newly produced 

stimuli set of short video clips to ensure that interactions vary along the two 

continuums of intentional/unintentional and cooperative/not cooperative in 

order to be able to present the same stimulus set to both experimental groups 

in Experiment 2.  

Participants 

 Twenty-eight students, 21 females (mean age of 20.05, SD = 0.95) and 

7 males (mean age of 21.71, SD = 0.76) from undergraduate classes at UC 

Santa Cruz participated in the study and received partial course credit for 

their participation in the experiment.  No other compensation was provided.  

Half of the students participated in the intentional and the other half 

participated in the cooperative condition.  

Materials and Apparatus 

Stimuli.  A total of 30 video clips were recorded.  In all videos, two 

actors sit across from each other at a table.  To enable objective data 

analysis, the scenes were recorded such that key events and objects clearly 

fall into predetermined regions of interest (ROI) in the form of a 5 x 3 grid.  

The visual stimuli showed common motor actions that involve reaching and 

grasping.  To ensure ecological validity, all scenes portray natural everyday 
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actions of an individual, e.g. a person pouring coffee into a mug, or 

cooperative interactions, e.g. serving coffee to the other person from a 3rd 

person (lateral) wide-angle perspective.  The videos can be grouped into 

three general themes: “having coffee or cookies”, with “desk/reading setting”, 

and “playing Jenga (a game with wooden blocks)”.  Despite having these 

general themes, all videos show coffee mugs and cookies in order to avoid 

cueing participants as to what the action may be; see Figure 1 for sample 

screenshots of the three scenes.   

These digital video clips vary in duration between 5 and 6 seconds.  

The interactions vary across the two conditions of intentional/unintentional 

(accidental) and cooperative/not cooperative (individual), resulting in four 

stimulus types: (1) intentional-cooperative, (2) intentional-not cooperative, (3) 

unintentional-cooperative, and (4) unintentional-not cooperative.  Based on 

the study by Sartori et al. (2011), which found that when comparing face vs. 

arm/hand cues during the judgment of intentions underlying reaching-to-grasp 

movements, face and arm/hand cues are equally informative when 

discriminating between social intentions such as cooperation vs. competition 

and cooperation vs. individual task performance.  Therefore, the video clips 

were edited with iMovie (Apple Inc.) such that the heads of the actors are cut 

off and thus will restrict visual information of kinematics to shoulder, arm, and 

hand cues but will expand previous research to a natural, dynamic social 

setting (in contrast to Manera et al., 2011; Sartori et al., 2011).  Movement 
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onset in a video clip varied between 15 and 30 frames to prevent anticipation 

of motion onset (Manera et al., 2011). 

 Design.  This study is designed as a 2 x 2 factor between-subject 

design: intention (intentional vs. unintentional action) and cooperation 

(cooperative vs. non-cooperative action).  The task consists of a two-answer 

forced choice task.  Even though cooperative action is intentional, participants 

will not be exposed to both conditions.  All stimuli were presented to both 

experimental groups in random order.  The experimental screen showed the 

two answer buttons on the top right (green for yes represented by the icon ✔) 

and top left corner (red for no represented by the icon ✖) of the screen and 

the start button centered at the bottom of the screen on a dark gray 

background.   

Procedure 

 Upon arrival at the laboratory, participants read and signed an 

informed consent form and then were seated in front of a 15” computer 

screen, which was placed on top of a 5-inch raised monitor desk to allow 

participants to move the mouse freely beneath the computer and to position 

the screen ergonomically at eye height.  Participants were then asked to 

adjust the chair and armrests such that the arm of their dominant hand rests 

comfortably and they are able to move their hand freely and without strain. 

Next, participants were instructed to “answer as quickly as they can whether 

or not the action they observe is intentional” for one condition whereas in the 
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other condition participants answered as quickly as possible “whether or not 

the action they observe is cooperative”.  Participants were instructed to click 

on the start button to proceed to the next trial.  A practice of the experimental 

procedure was then run with 4 video clips, one of each category, resulting in 

participants viewing two examples for each variable, e.g. in the intentional 

condition, participants were shown 2 examples each of intentional and 

unintentional interactions.  The experimenter answered any questions about 

the procedure during the practice.  The participants were then asked to start 

the first experimental trial when they were ready and the experimenter left the 

room.  
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(a) 

 
 
(b) 

 
 
(c) 

 
 
Figure 1:  Screen shots of stimulus scenes: (a) coffee and cookie theme, (b) 
office/study theme, (c) playing Jenga theme. 
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Data Analysis.  The data were exported into Excel to analyze whether 

the participants perceived the conditions as intended, e.g. for a stimulus in the 

intentional-cooperative category, participants would be more likely to rate this 

stimulus as “intentional” in one and as “cooperative” in the other condition.   

Results And Discussion 

 The purpose of this study was to determine which subset of the stimuli 

is best suited as stimuli for Experiment 2.  After analysis of the mean 

response for each stimulus the most suitable 5 video clips for each category 

(intentional-cooperative, intentional-not cooperative, unintentional-

cooperative, and unintentional-not cooperative) were chosen for Experiment 

2.  Eight of the 10 remaining stimuli whose rating of the video in one of the 

two conditions was more than 85% were chosen as practice stimuli, two 

stimuli each for intentional, unintentional, cooperative, and not cooperative 

based on acceptable ratings for that variable.   

For the intentional condition, 97.9 % of participants (range of 100-93 

%) rated the 10 stimuli as intentional and 10 stimuli were rated as 

unintentional 76.2% of the time (range of 93-67 %).  Participants in the 

cooperative condition rated 10 stimuli as cooperative 87.2 % (range of 100-66 

%) whereas the other 10 stimuli were rated as not cooperative 88.8 % of the 

time (range of 100-79 %).  Even though the variability of responses among 

the videos is rather large in some cases, I argue that these stimuli are 
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suitable for the use in Experiment 2 because each of them represents a 

natural interaction that is developing dynamically over the course of the video.   

Furthermore, as would be the case with traditional key presses, the 

experimental method of this experiment cannot elucidate whether the 

participant looked at the spilling coffee in the video or whether she attended 

to another area in the video and missed the event altogether and therefore 

chose the “wrong” answer, an issue that hopefully can be addressed in 

Experiment 2.  Likewise, the purpose of Experiment 2 will be to determine 

whether the task demand, i.e. a person judging intentionality or cooperation 

during action observation, results in a different viewing pattern.  Since a 

participant will see every stimulus once and participate in only one of the two 

conditions, whether the stimulus is ultimately judged as the predicted answer 

should not have any influence on a participant’s eye movements.    
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CHAPTER 4—EXPERIMENT 2 

METHOD 

This study hypothesizes that humans understand others’ intentions 

based on the temporal dynamics of the action by taking the kinematics of their 

conspecifics and environmental context into consideration.  To test this 

hypothesis, saccadic eye movements were recorded during action 

observation.  The eye-tracking data will for the first time explore which details 

of an ongoing action observers attend to in order to determine someone 

else’s intention.  Specifically, this study will answer the question, which details 

are necessary to determine intentionality and whether priority is given to 

particular aspects of the observed action based on the task manipulation 

(Spivey & Dale, 2006).   

Participants 

 A total of 31 students from undergraduate classes at UC Santa Cruz 

participated in the study and received partial course credit for their 

participation in the experiment.  No other compensation was provided.  

Eleven participants’ data were dismissed, nine because participants could not 

be calibrated and two for loss of data due to other technical issues.  The 

remaining data sets from 17 females (mean age of 19.76, SD = 1.1) and 3 

males (mean age of 19.67, SD = 2.1), 10 in each condition, were analyzed. 

All participants had 20-20 or corrected-to-normal visual acuity.  A signed 
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informed consent was obtained from all participants prior to the start of the 

experiment.  

Materials and Apparatus 

Hardware. For this study, the 2013 model of the PUPIL head-mounted 

eye tracker was built to specification using widely available, off the shelf 

components (Kassner & Patera, 2012).  The eye tracker features two 

cameras, one for eye monitoring (eye camera) and the other camera records 

what the participant is looking at (world camera); see figure 2 for an image of 

the PUPIL eye tracker.  For the eye camera, we used a Microsoft LifeCam HD 

6000 with 720 pixel resolution, which was modified by taking it out of its 

casing, adding an infrared filter to the lens, and soldering infrared diodes in 

place of the original diodes in order to make eye-tracking independent of 

ambient visible light.  For the world camera, we modified a Logitech C615 HD 

Portable webcam with 1080 pixel resolution by removing its casing.  Both 

cameras were then mounted to the 3-D printed headset frame (Shapeways, 

Inc.).  After running the pilot study using the PUPIL eyetracker, the nose rest 

was covered with air curing silicone rubber (Sugru) to protect participants’ 

noses from pressure marks during the experiment.  Finally, a sunglass strap 

was added to fixate the headset during the experiment and prevent the loss of 

focus from the eye camera.    

 A 2012 Apple MacBook Air computer with a 13” LCD monitor and 4 GB 

memory was used to run the PUPIL eye tracker and record its data during the 
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experiment.  A 2011 Dell desktop computer with 4 GB memory and an AMD 

Radeon graphics processor presented the visual stimuli on a 20-inch Dell 

LCD.  

Software. The MacBook Air ran the open-source eye tracking software 

PUPIL version 3.5.1 in conjunction with the PUPIL eye tracker to record the 

data from both eye and world camera.  To combine the world camera and eye 

positions from the experiment, we ran the PUPIL Simple Player version 3.4.  

We edited the experiment videos (eye and world camera data combined) by 

cutting them into individual trial videos using iMovie version 8.0.6 (Apple Inc.).  

The open-source software MPEG Streamclip version 1.9.2 (Squared 5) was 

used to convert the individual trial videos into Cinepak codec format 

necessary for annotation and coding.  Finally, open-source ANVIL version 5.0 

beta 16 annotation software was used to code and annotate each trial (Kipp, 

2001, 2012).  

 MATLAB 2013a (student version) software (Mathworks Inc.) was 

programmed in conjunction with open-source Psychtoolbox 3 for excellent 

timing control (time loss less than 50ms) to present the stimuli and collect 

participants’ behavioral data such as reaction time, responses, and mouse 

coordinates (Brainard, 1997; Kleiner, Brainard, & Pelli, 2007; Pelli, 1997).  

 A chair with pneumatic height adjustment as well as headrest and 

footrest was used to minimize participants’ head movements, body sway, and 
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other posture changes during the experiment; see Figure 2 for the 

experimental set-up in the lab.  

Stimuli.   A subset of the stimuli from Experiment 1 was selected 

based on their suitability to fit both conditions well.  Each category 

(intentional-cooperative, intentional-not cooperative, unintentional-

cooperative, and unintentional-not cooperative) has 5 exemplars for a total of 

20 video clips.  Eight of the 10 stimuli (2 each for intentional, unintentional, 

cooperative, and not cooperative) not used for the experiment were chosen 

as practice stimuli based on their high rating for the respective variable.  

Design.  This study is designed as a 2 x 2 factor between-subject 

design: intention (intentional vs. unintentional action) and cooperation 

(cooperative vs. non-cooperative action).  The task consists of a two-answer 

forced choice task.  Even though cooperative action is strictly speaking also 

intentional action, participants were not exposed to both conditions.  

Participants were randomly assigned to either the intentional or the 

cooperative condition.  In condition 1, participants’ task was to answer as 

quickly as they could whether the action portrayed in the video clip was 

intentional whereas for condition 2 participants were asked to answer as 

quickly as they could whether they perceived the portrayed action as 

cooperative.  All stimuli were presented to both experimental groups in 

random order.  
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Procedure 

 Upon arrival at the laboratory, participants read and signed an 

informed consent form and then were seated in front of the 20-inch computer 

monitor.  The participant was then instructed to place the eye tracker onto her 

head, as they would put on a pair of sunglasses.  The experimenter then 

started the PUPIL software on the MacBook with the screen turned such that 

the participant was not distracted and placed the mouse comfortably in 

position for participants to respond with their dominant hand (see Figure 2).  

Next, the experimenter asked the participant to focus on the center of the 

screen and to follow the bull’s eye fixation for a 10-position calibration (center 

and nine positions on the edge of the screen).  Participants whose calibration 

results remained poor after repeated attempts were excused from the 

experiment.   

The experiment was conducted in a dimly lit laboratory.  Each trial began with 

a white experimental screen showing the two answer buttons on the top right 

(green for yes represented by the icon ✔) and top left corner (red for no 

represented by the icon ✖) of the screen and the start button centered at the 

bottom of the screen (see Figure 2).  To start each trial, participants clicked 

the start button with the mouse.   

 A series of 5 random calibration dots (to determine the fixation offset 

for data analysis) were presented for 1 second each in the area of the video 

display rectangle (placed centered and 5 pixels below the top edge of the 
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screen between the response buttons), followed by a fixation cross for 1 

second, which was also centered in the video rectangle.  One second after 

the fixation cross, a randomly selected video clip started playing between the 

answer buttons at a 25˚ visual angle while seated at a distance of 57 cm from 

the screen.  

 
Figure 2:  Experimental setup for experiment 2.  PUPIL headset with 3D-
printed frame: top camera records where participants look (world camera) and 
bottom camera records eye movements (eye camera).  
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 Participants were asked to respond as quickly as they could.  Once the 

participant clicked on the answer button, the video immediately stopped 

playing.  If a participant did not make her answer choice by the end of the 

stimulus presentation, a reminder message would appear between the 

response buttons, asking her to “Please start responding faster”.  This 

message remained on the screen until the participant clicked one of the 

response buttons.  After the response, the participant moved the cursor back 

to the start button.  Participants were asked to click on the start button to 

initiate the next trial.  

Data Analysis 

The data collected consists of eye tracking data at a rate of 30 frames 

per second.  Using PUPIL software in conjunction with the PUPIL eye tracker, 

one video from the world camera plus eye position data per experiment and 

participant were recorded.  These were then combined using PUPIL Simple 

Player (see figure 3 for a screenshot of a trial video).  Using iMovie, the 

combined eye/world videos were cut into single trial video clips.  

The combined eye/word trial videos were coded with ANVIL annotation 

software using predetermined regions of interest (ROIs) in the form of a 

transparent 9x7 grid overlaid onto the monitor during manual analysis of the 

visual data. The 9x7 grid was composed of a 7x5 grid for the video region 

plus one region each for the screen above, to the right and left, as well as 

below of the video rectangle.  The fixations were coded for ROIs in 
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Figure 3: Screenshot of the combined world and eye camera used for data  
analysis.  
 
 
connection with content, i.e. eye fixations on objects of interest (e.g. mug), 

body parts of actors (hand, arm, torso), environment/context (e.g. table, wall, 

answer buttons, cursor) and outside of video ROIs, i.e. the experimental 

screen, which contains the start and response buttons (see figure 4 for a 

screenshot of an analyzed video using ANVIL).   

Interrater reliability between research assistants and experimenter was 

established using the coding agreement analysis of Cohen’s kappa coefficient 

provided by ANVIL software.  The full code for body and items was analyzed 

to test agreement between raters; for body, the overall coding agreement 

(segmentation and categorization combined) was 1 (100 %), whereas for 

item, the segment agreement was also 1 and the category agreement 0.7 for 

an overall coding agreement of 0.8 (between 0.6 and 0.75 is considered 

good, over 0.75 is considered excellent). 
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Figure 4: Screenshot of a trial video showing the completed annotation and 
coding with ANVIL.  
 
 

The resulting data from the annotation of the trials consisted of data 

codes (counts) of ROIs (where participants look in relation to the 9x7 grid), 

counts of fixations on objects, body parts, and context (what participants look 

at), as well as start, end, and duration of fixations on both ROI and objects.  

Since all videos were shown both in the intentional and the 

collaborative condition, the resulting data were analyzed in terms of overall 

group differences in participants’ behavior preference to focus on particular 

regions of interest (ROI) and objects of interest.  In order to analyze the 

coded 400 trial videos (20 participants x 20 stimuli), projects in ANVIL were 

created to consolidate the data codes by stimulus and condition, resulting in 

40 projects, two for each stimulus.  Next, two types of exports from ANVIL 
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were conducted.  First, each project was analyzed in terms of frequency of 

object fixations, which included fixations on items in the stimulus scene, 

fixations on hands and arms, as well as fixations on the three experimental 

buttons (yes, no, and start buttons) and exported in the form of histograms 

(see figure 5 for an example), providing an initial visual pre-analysis of the   

 

(a) cooperative condition        (b) intentional condition 
 

    
 
Figure 5:  Sample histograms exported from ANVIL for all object fixations for 
stimulus M5.  In this video, the primary actor reaches with his right hand 
(primHandR) for the coffee pot, the secondary actor moves the handle of the 
coffee pot with his left hand (secHandL) in reach of the primary actor so he 
can pour himself coffee into the right mug (mugR).  This video is in the 
category intentional-cooperative.  
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data.  Second, all projects with complete codes that included fixation 

durations, ROI fixation locations, objects fixations, and trial events, which 

included video on and offset as well as answer choice, were exported from 

ANVIL for further analysis in IBM SPSS 22.0 to determine group differences.  

To determine group differences across all stimuli, which portrayed different 

interactions of two persons with varying objects, the stimuli were grouped by 

their category of 5 each for intentional/cooperative, intentional/not 

cooperative, unintentional/cooperative, and unintentional/not cooperative.  

Then, all eye fixation codes were recoded for both fixation duration and 

fixation frequency on target body parts (e.g. hand) vs. non-target body parts 

(not involved in the interaction) as well as target items (e.g. left mug) vs. non-

target items (not involved in the interaction).  See table 1 for the general linear 

model for all within-subject variables.  

RESULTS  

This study tested the hypothesis whether task differences 

(intentionality vs. cooperation) result in participants attending to different key 

areas during the observation of a naturally unfolding interaction with the 

environment, including conspecifics and objects.  Specifically, hypothesis 1 

predicted that the intentional group would be more likely to attend to 

interactions with target objects as compared to the cooperative condition 

whereas hypothesis 2 predicted that the cooperative condition would be 
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Table 1: General linear model for the repeated measures analysis showing 
the within-subjects variables with a 2 (target/non target) x 2 (body/item) x 4 
(stimulus categories, repeated measures) factors design for frequency and 
duration of eye fixations. 
  

Within-Subjects Factors 

Measure Target Object 
Stimulus 
Category 

Dependent 
Variable 

duration Target Body 1 dTBody1 
2 dTBody2 
3 dTBody3 
4 dTBody4 

Item 1 dTItem1 
2 dTItem2 
3 dTItem3 
4 dTItem4 

Non-T Body 1 dnTBody1 
2 dnTBody2 
3 dnTBody3 
4 dnTBody4 

Item 1 dnTItem1 
2 dnTItem2 
3 dnTItem3 
4 dnTItem4 

frequency Target Body 1 fTBody1 
2 fTBody2 
3 fTBody3 
4 fTBody4 

Item 1 fTItem1 
2 fTItem2 
3 fTItem3 
4 fTItem4 

Non-T Body 1 fnTBody1 
2 fnTBody2 
3 fnTBody3 
4 fnTBody4 

Item          1 fnTItem1 
         2 fnTItem2 
         3 fnTItem3 
         4 fnTItem4 
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more likely to attend to social cues and objects.  To test this hypothesis, a 

general linear model repeated measures analysis was conducted to analyze 

duration and frequencies of eye fixations in order to determine differences 

between the conditions.  Between-subjects results showed a significant main 

effect for differences between the cooperative and intentional conditions, F(2, 

17) = 12.23, p =<.01 with a significant interaction effect, F(2, 17) = 333.66, p 

=<.001.  Further analysis through an independent samples t-test for both 

duration and frequency of eye fixations between target and non-target 

fixations on objects resulted in significant differences between the cooperative 

and intentional conditions in support of hypotheses 1 and 2, see figure 6 and 

7.  Within-subjects multivariate tests showed significant main effects for eye 

fixations on objects (body/item), F(2, 17) = 71.49, p =<.001 as well as a 

significant interaction effect for object and condition, F(2, 17) = 28.54, p 

=<.001, suggesting that participants in the intentional condition were more 

likely to focus on body (e.g. primary actor’s left hand) and items (e.g. left mug) 

in support of hypothesis 1 than did participants in the cooperative condition in 

terms of fixation duration and frequency.  

Participants in the intentional condition were also more likely to attend 

to target items than non-target items, which is supported by the finding of a 

significant main effect of eye fixations for target, F(2, 17) = 112.17, p =<.001 

as compared to the cooperative condition in support of hypothesis 1.  

Furthermore, a significant interaction effect was found between object and 
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target, F(2, 17) = 39.20, p =<.001, and a three-way interaction was found 

between object, target, and condition, F(6, 13) = 7.41, p =.02, supporting the 

hypothesis that that there are differences for fixation duration and frequency 

in attention to kinematics and objects between the two conditions.    

Figure 6:  Interaction effects for differences in mean duration of eye fixations 
on target vs. non-target objects (body and items) per stimulus category 
(intentional/cooperative = 1, intentional/not cooperative = 2, 
unintentional/cooperative = 3, unintentional/not cooperative = 4) between the 
cooperative and intentional conditions. 
 
 

Next, we found a significant interaction effect between object and 

stimulus category (intentional/cooperative, intentional/not cooperative, 

unintentional/ cooperative, unintentional/not cooperative), F(2, 17) = 12.23, p 
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=<.01, between target and stimulus category, F(6, 13) = 5.77, p =<.01, as well 

as between object, target, and stimulus category, F(6, 13) = 11.96, p =<.001.  

These results taken together suggest that there are significant differences in 

attention to target body and target items in the scene between the stimulus 

categories as compared to non-target body and non-target items both in 

terms of duration and frequency. 

 
Figure 7:  Interaction effects for differences in mean frequencies of eye 
fixations on target vs. non-target objects (body and items) per stimulus 
category (intentional/cooperative = 1, intentional/not cooperative = 2, 
unintentional/cooperative = 3, unintentional/not cooperative = 4) between the 
cooperative and intentional conditions.  
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Finally, results showed a significant interaction effect between all 

factors (object, target, stimulus category, and condition) for both duration and 

frequency, F(6, 13) = 2.89, p =.05.  This result further supports the hypothesis 

that differences in focus on target body and items, as well as non-target body 

and items exist during the decision making process between the two 

conditions.  

Furthermore, results showed that participants in both conditions 

responded to the task with a comparable success rate overall by answering 

correctly 90% of the time in the cooperative condition as compared to 88% in 

the intentional condition. 

Even though reaction times were not of primary interest in this study, 

we found a difference in response time of 0.52 seconds between the 

conditions.  In the intentional condition the mean reaction time was 4.2 

seconds with a range between 3.0 and 4.8 seconds whereas in the 

cooperative condition the mean reaction time was 3.7 seconds with a range 

between 3.1 and 4.3 seconds.    
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CHAPTER 5—DISCUSSION  

The purpose of experiment 1 was to test the stimuli set that was 

designed to vary across both the cooperative and the intentional conditions 

and portrayed familiar reaching and grasping actions and interactions with 

objects in a social context.  While all of the stimuli chosen as stimuli for 

experiment 1 were perceived by the majority of participants as predicted, 

three stimuli only reached a 65% agreement rating in one of the two 

conditions.  As argued earlier, experiment 2 tests which objects in the short 

video clips participants look at during the decision making process through 

eye tracking and whether a participant agrees with the intended condition 

should have no effect on participants’ viewing pattern.  This prediction was 

supported by experiment 2 where a high (100%) or low (65%) agreement 

level from experiment 1 was no predictor for finding group differences for eye 

fixations on kinematics and objects during an observed interaction.   

The purpose of experiment 2 was to determine which details of an 

observed action allow a participant to determine the intentionality of the 

action, with group 1 answering the question of whether an action is intentional 

and group 2 whether the action is cooperative.  We used eye tracking as a 

method to analyze the temporal dynamics of cognitive processes during 

decision-making.  Analysis of the eye tracking data supported the theory that 

there are significant differences between the conditions.  We found strong 

support that participants in the intentional condition attended more to target 
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kinematics and object interactions than did participants in the cooperative 

condition (hypothesis1).  

In support of hypothesis 2, participants in the cooperative condition 

were more likely both in terms of duration and frequency of fixations to attend 

to non-target kinematics and objects than the intentional group.  However, the 

results in support of hypothesis 2 are not as strong and showed a statistically 

significant difference in duration of eye fixations only for the stimulus category 

intentional/not cooperative and unintentional/not cooperative on non-target 

items and a significant difference in frequency of fixations for the 

unintentional/not cooperative category on non-target items.  However, none of 

the non-target body fixations tested significant levels of difference between 

the conditions.   

Several possible underlying reasons could be contributing to these 

results.  Interestingly, all of the significant results in support of hypothesis 2 

are for the videos in the ‘not cooperative’ category.  When taking the 

observed effects together, these results can be explained by the fact that 

participants in the cooperative condition, when attending to the secondary 

actor who was not involved in the interaction, did not necessarily focus on the 

actor’s hands but were more likely to focus either on the table right in front of 

the actor’s hands or on the item “notebook”, which was located right between 

that actor’s hands.  For both of these situations, the participants were in 

perfect position to notice any movement from the secondary actor.  Also, in 
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scenes where the primary actor was grasping his mug or the coffeepot, 

participants in the cooperative condition often would quickly saccade to the 

secondary actor’s mug in anticipation of an interaction with that object.  All of 

these examples contributed to the non-target item variable and therefore 

argue that these results support hypothesis 2.  

Second, the effect is in part driven by the fact that overall, participants 

in the cooperative condition were able to make their decision faster resulting 

in fewer fixations during the shorter trials. On average, humans have 1-4 eye 

fixations per second.  When taking the difference in average reaction time into 

consideration, the significant results for longer duration and higher frequency 

on non-target items in the two stimulus categories intentional/not cooperative 

and unintentional/not cooperative as well as one marginally significant result 

for duration of eye fixations on non-target body in the intentional/not 

cooperative stimulus category make the argument stronger that the 

cooperative group was more likely to focus on social cues and objects of the 

secondary actor.   

Third, we coded eye positions solely based on where participants’ eyes 

were objectively fixated.  However, the stimuli are dynamic and portrayed 

hand and arm movements as well as object interactions and movements.  

Even though participants were asked to look directly at what they are 

attending to, in the course of an experiment, participants will inadvertently 

revert to their natural visual patterns and habits.  Moreover, the perception of 
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motion is not dependent on high acuity vision and can be perceived, attended 

to, and monitored using the peripheral visual field (Stevens, 1908; Thompson, 

Hansen, Hess, & Troje, 2007).  Therefore, participants may have attended to 

or monitored the second actor’s movement, or lack thereof in the non-

cooperative condition, through peripheral vision.  Additionally, all coders 

noticed that participants would fixate their eyes regularly on background 

objects such as the table or the wall, both of which were non-patterned white 

or gray areas, seemingly not following the action.  However, it is highly 

unlikely that participants did not pay attention during a speeded task (they 

were encouraged to answer as quickly as they could) when, depending on 

video length, they had only 5-6 seconds to determine their response.  Since 

the experiment only took about 7 minutes total, fatigue or boredom from 

repetitive presentation of stimuli can also be excluded as possible factors.  

Therefore, it is more likely that participants used their peripheral vision to 

attend to different parts of the developing action in their medium and far 

periphery while keeping the visual input in the foveal area (center of high 

acuity the size of 1-2 degrees of the visual field or about thumb’s width at 

arm’s length) to a minimum by focusing on a non-patterned area such as the 

table while attending to the action in the peripheral visual field.  In cases 

where participants focused near the hands of the second actor, I propose that 

participants were keeping perceptual detail constant in the high acuity field 

while on one hand waiting for the start of movement by the secondary actor 
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and on the other hand monitoring the congruent biological motion of the 

primary actor in their peripheral visual field.   

The fact that neither of the two cooperative stimulus categories 

showed significant results is explained by the fact that in the interactions 

portrayed by the stimulus videos, both actors are involved in the interaction 

and therefore participants in the intentional condition are as likely to follow the 

interaction as are participants in the cooperative condition.     

At the beginning of the action observation and based on their 

experience with a similar context, participants are expected to anticipate and 

speculate as to what the correct answer of the forced choice task could be.  

During the course of the unfolding action, a participant’s initial “hunch” will be 

either confirmed or will need to be rejected.  For example, a study by Spivey 

et al. (2005) was able to demonstrate the temporal trajectory of 

disambiguation in a language tasks using ambiguous stimuli.   

In the present study, data supported that eye movements make the 

temporal trajectory of the decision making process visible.  Participants in 

both conditions showed anticipatory behavior in their eye movements.  In the 

intentional condition observers almost exclusively attended to the unfolding 

action by following the actor’s hand or the moving object in his hand either in 

smooth pursuit or by making saccadic eye movements ahead in extension of 

the motion trajectory on potential objects in anticipation of the actor’s hand 

movement.  Smooth pursuit eye movements are reflexive and can only be 
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observed when tracking a moving object in real time whereas pursuit in the 

absence of a visual target shows the pattern of anticipatory eye movements, 

i.e. short-distance successive saccades (Krauzlis, 2004).  Importantly, 

research shows that during smooth pursuit eye movements, attention is tightly 

linked to the object of pursuit.   

Interestingly, while calibration offsets were often observed prior to the 

start of a trial (and adjusted for during coding) the offset observed during pre-

trial calibration disappeared with the start smooth pursuit with one exception.  

This effect can be explained by the fact that showing black calibration dots or 

fixation crosses presented on a white background lack ecological validity.  

The human visual system has developed for a much richer context that is 

constantly changing either by the observer’s movement or by external 

movement.  However, not all observers showed the smooth pursuit behavior, 

some never did and exclusively used anticipatory saccadic eye movements, 

jumping a short way ahead, then waiting for the hand or object movement to 

catch up and pass the fixation point, then making another saccadic movement 

ahead for the duration of the action.  Most participants showed both 

anticipatory saccades and smooth pursuit.   

Participants in the cooperative condition initially followed the same 

strategy of attention on the observed action but just long enough to get a gist 

of the action and then moved their gaze either to the center of the video 

where they could easily keep tracking the actor’s hand while also keeping the 
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second actor in the medium peripheral visual field in anticipation of his first 

movement.  Some participants in the cooperative condition, after getting the 

gist of the observed action, moved their focal point to between the second 

actor’s hands, as was the case in scenes where the second actor has a 

notebook in front of him.  The researcher had not anticipated the observed 

tendency of participants to attend to the action in the videos through 

peripheral vision as frequently as they did.  The tendency of participants to 

track movement with peripheral vision will have to be taken into consideration 

when designing stimuli for future studies that portray dynamic, natural 

interactions.  

Even though the aim of this study was to investigate which details 

participants in the two conditions attended to and whether a participant 

responded with the predicted answer was expected to have no effect on the 

scan path during the disambiguation and decision-making process, it is 

interesting that participants performed overall similarly well in both 

experiments with 87% correct responses for the 20 video clips chosen in 

experiment 1 for experiment 2 as compared to 88% correct responses in 

experiment 2.   

With very few exceptions, participants tended to make a saccadic eye 

movement towards the answer button as soon as they made up their mind.  

Furthermore, in most cases participants kept attending to the action for a 

while longer either with their peripheral visual field or by making a saccadic 
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eye movement back to the scene to observe the interaction further before 

following through with their decision by clicking on the answer button, or, 

depending on the condition, also sometimes also changed their decision to 

the opposite button.  In cases, where the key event occurred within 200ms of 

the mouse click on the answer button and would have required the press of 

the opposite response, participants would still press the pre-determined 

answer button even when their eyes were clearly focused on the unfolding 

action.  This effect can be explained by the fact that it takes 200-250 ms to 

initiate voluntary skeletal muscle (finger/hand) movements involved in 

responding.  Therefore, a confounding factor in the current study is the fact 

that all unintentional actions portrayed in the videos started out as an 

intentional action.  Depending on how quickly participants determined the 

answer for a particular video, they may have missed the unintentional part of 

the action, which occurred between 2-3.5 seconds into the video clip.  

Importantly, the results of this study supported the a priori assumption that a 

participant’s ultimate answer to the task had no effect on the viewing pattern 

during the decision-making process.   

Future studies with a subset of the stimuli should investigate the 

combined eye tracking and mouse tracking data in order to determine 

whether a fine-grained analysis of these two behaviors during the 

disambiguation and decision-making process would advance our 

understanding of the temporal dynamics of human behavior.  Furthermore 
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and based on the results of experiment 2, video clips could be altered such 

that the number of information details portrayed is systematically varied, i.e. 

different sections of the clip are shown.  

As a second sequel to this experiment and based on the findings of 

both these studies, some of the intentional action videos could be 

manipulated such that in half of the clips the temporality of the information 

details in the video clips is altered, while the other half of the stimuli is 

comprised of clips of varying length of duration to replicate the findings of 

study 2. This study would further test the sensitivity to the structure and 

dynamics of the perception of intentions, especially in light of the finding that 

most participants in the cooperative condition were heavily using their 

peripheral vision.  It would be interesting to find out whether those participants 

would be sensitive to slight temporal manipulations of the actions during 

divided attention.  

In conclusion, the analysis of temporal dynamics of eye movements 

that were recorded during an action observation task revealed that task 

demands affect attention to details during the decision-making process and 

these distinctions are reflective of differing strategies in cognitive processing. 

When considering that infants are unable to distinguish between 

biomechanically possible and impossible movements until they have accrued 

extensive motor experience (Csibra et al., 2003), that action planning and 

execution is highly dependent on the actor’s intent (Ansuini et al., 2008; 
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Ansuini et al., 2006), and that neural networks known to be involved in 

attention and memory processes are active during the perception of intent 

(Schubotz, 2007; Schubotz et al., 2012), we conclude that participants’ almost 

exclusive attention to kinematics and object interactions to determine 

intentionality stems from comparing the observed action with their own motor 

memory of performing a similar action during the decision-making process.  In 

fact, Iacoboni and colleagues studied the brain areas involved in perceiving 

grasping actions with different intentions (e.g. grasping a glass to drink or to 

clean) and found that the human mirror neuron system is not only involved in 

recognizing actions but also in the understanding of other’s intentions when 

the action is shown in a natural context in support of the embodied cognition 

view (Iacoboni et al., 2005).  

Results of this study strongly support the theory that cognitive 

processes such as decision-making during an intentional or cooperative 

action are emergent and the temporal dynamics can be made visible through 

eye tracking.  In support of the dynamical systems theory, external influences 

such as task demand were shown to have an effect on the viewing pattern, 

duration of fixations, as well as attention to target details while observing a 

dynamic, natural and social interaction.   
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