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As bases neuronais da intencao motora: Um estudo de RMF

Um aspeto crucial da cognicdo social & a capacidade de perceber as intencdes dos outros. Estudos
recentes tém comprovado que os seres humanos tém a capacidade de perceber a intencao principal de
acOes motoras. O que acontece no cérebro humano quando ¢ detetada a intencdo motora ou social de
acoes semelhantes? Este estudo visou construir duas tarefas de reconhecimento com foco nas diferencas
cinematicas dos movimentos de acordo com a intencdo motora e social. O estudo piloto, com quatro
participantes a percecionarem estas diferencas durante uma Ressonancia Magnética funcional, revelou
essencialmente uma rede motora e uma rede sociocognitiva envolvida no reconhecimento das intencoes

motoras e sociais em movimentos direcionados a objetos, respetivamente.

Palavras-chave: percecdo, acao motora, intencéo, cognicao social



The neural basis of motor intention: An fMRI study

A crucial aspect of social cognition is to be able to decode others’ intentions. Recent studies have proved
that humans have the ability to perceive the main intention in motor actions. What happens in the human
brain while detecting a motor or social intention in actions that have the exact same motor goal? To this
purpose, we built two recognition tasks focusing on the differences in the kinematic parameters of
movements according to motor and social intention and we run a pilot study with four participants
perceiving these differences during functional Magnetic Resonance Imaging. Results revealed essentially
a motor and a socio-cognitive network for perceiving motor and social intentions in reach to grasp

movements, respectively.

Keywords: perception, motor action, intention, social cognition
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The neural basis of motor intention: An fMRI study

In the social world, the ability to understand the goals of others’ actions is crucial for our everyday
communication and for our social interactions. There is a great amount of research investigating our
aptitude to infer the underlying intentions of any observed action (Jeannerod & Frak, 1999; Meary,
Orliaguet & Decety, 2001; Canessa et al., 2012; Neal & Kilner, 2010; Lewkowicz, Quesque, Coello &
Delevoye-Turrell, 2015; Bono et al., 2017; Chaminade, Meary, Orliaguet & Decety, 2001) essential to

coordinate our own behavior on the surrounding environment.

When we observe other people executing an action we are able to estimate their main
intention/goal (Neal & Kilner, 2010). The mechanisms underlying the ability to understand the intention
or goals of an observed action have been enrolling a particular class of neurons — the mirror neurons -
which operate in the observer's own motor system during action observation (AON) (Gallese, Fadiga,
Fogassi, & Rizzolatti, 1996; Rizzolatti & Craighero, 2004). The simulation theory postulates that we
understand observed actions by simulating them in an internal process that requires the activation of the
mirror neuron circuit (Gallese & Goldman, 1998). However, some studies point that the process does not
necessarily involve mirror properties, but rather rationalization and mentalization systems, especially
when we try to understand actions with situational constraints (Brass, Schmitt, Spengler, & Gergely,

2007).

In fact, perceiving and understanding the intention of any action can rely on a variety of sources
and may be related with different processes (Frith & Frith, 2006). Our declarative knowledge, the
contextual cues given by the environment in which an action takes place and their physical constraints
are some examples that help us to identify the intention of others’ behavior (Brass et al., 2007). Studies
have been claimed that these contextual effects are related to the role that past experience has in the
planning and control processes but also with the movement constraints, i.e., variables that limit the way
in which movement can be organized and controlled (Marteniuk, MacKenzie, Jeannerod, Athenes, &
Dugas, 1987). The processes involved in the organization and control of movements have been
investigated through the characteristics of movements’ trajectories in different tasks. These
characteristics are referred as the kinematics parameters that describe movements in terms of space

and time duration (Marteniuk et al.,1987).

By investigating these characteristics, a descriptive model of human movement has emerged -

the Fitts law (Fitts, 1954). This predicts the movement time in function of the distance and the size of the



targets, in movements toward objects (Fitts, 1954) and is traduced by the following equation: MT = a +
blog2 (A/ W+ 1), where “MT" is the dependent variable (“movement time”); “a” and “b” are regression
coefficients (constants that are measured experimentally, depending on the nature of the task); “A”
(“movement amplitude”) which is the distance or amplitude to move; “W" width of the region within the
move terminates. This law supports that the further away and the smaller the target, the longer the time

in grasping and locate an object.

Recently, experimental studies support evidence that humans have the capacity to predict the
action-outcome goal only through the observation of the kinematics (Chaminade et al., 2001; Quesque,
Lewkowicz, Delevoye-Turrell & Coello, 2013; Quesque & Coello, 2014; Lewkowicz et al., 2015; Quesque
et al.,, 2015). Indeed, it has been shown that observers are sensitive to early differences in visual
kinematics, being able to detect and discriminate between movements performed with different oriented
motor intentions (Lewkowicz et al., 2015). Interestingly, studies have been investigating specific changes
in the kinematics of the arm and hand movements in the same motor actions with different intentions
(Quesque et al., 2013; Quesque & Coello, 2014; Lewkowicz et al., 2015). Jacob and Jeannerod (2005)
distinguished two types of intentions in motor actions — a motor intention, which refers to the mental
state that causes the execution of a voluntary action (e.g., grasp for a pen) and involving or not a
conspecific. This later level of description is referred as social intention, i.e., the intention to affect a
conspecific’s behavior. For example, one can reach a pen whether to use it oneself, or to give it to anybody
else - the question that arises would then be: will the other person be able to detect in a predictive manner,

simply by observing the movement of the hand, whether the pen is directed to him or not?

Studies have been documenting that when endorsing a social intention in driving an action,
humans tend to amplify the spatiotemporal parameters of their movements (Quesque et al., 2013).
Specifically, an action with a social intention in mind, the subject’s hand tends to move with higher
trajectories, slower velocities and longer movement durations (Quesque and Coello, 2014) and therefore,
it would be possible for an observer to distinguish different social goals driving similar motor actions

(Lewkowicz et al., 2015).

Lewkowicz and collaborators (2015) conducted a study to test whether by maintaining the motor
intention identical, an observer would still be able to dissociate between social and personal intentions in
movements performed toward an object. They recorded trials of actors performing social and personal
reach in order to grasp actions, and questionnaires to capture both social cognition and motor imagery
abilities. The results revealed that on average participants were able to categorize the underlying intention

9



above chance level, distinguishing the video clips presenting a personal intention as quickly as the video
clips presenting a social intention. Furthermore, they noted that participants were not equally good at
performing the task and thus, the ability of participants to discriminate between social and personal

intentions was highly correlated with the scores obtained in a social cognition test.

As described above, although the mirror neurons have been proposed as the neural
underpinnings that could enable us to understand the intentions or goals of an observed motor action
(Gallese and Goldman 1998), little is known about on the brain mechanisms engaged in discriminating
social and personal intentions. A recent study, that combined kinematic with functional Magnetic
Resonance Imaging (fMRI) in reach to grasp movements toward objects, showed a distinct voxel pattern
activity in the mirror neuron and the mentalizing systems during action execution with different social
intention (Bono et al., 2017). Additionally, a meta-analysis of fMRI studies, showed that as hand actions,
gestures involve a perceptual-motor network important for action recognition (Yang, Andric, & Mathew,
2015). Transcranial magnetic stimulation (TMS) and fMRI studies, suggest that the inferior frontal gyrus
(IFG) and the inferior parietal lobule (IPL) are important brain areas elicited in action understanding (Brass
et al., 2007) with movement anticipation to small or large targets engages the left premotor area and the

right intraparietal sulcus (IPS) (Chaminade et al., 2001).

Finally, it is assumed that, when two people interact, common thoughts are shared. In social
contexts, we unconsciously spend time predicting the behavior of others by imaging ourselves in the same
situation, trying to place our own self within the other person’s mind, beliefs and desires (Lewkowicz et
al., 2015). These social-cognitive abilities have been linked to the effective ability to recognize social motor
intentions. The Empathizing - Systemizing system theory considers that these two characteristics are able
to explain how people tend to predict behaviors (Baron-Cohen et al., 2014). Empathizing would help us
understanding and predicting the social world and it can encompass concepts such as the so called
“theory of mind” or “mentalizing” whereas systemizing would allow us to predict the behavior of a system,
focusing on the observation of the details and their functioning and would allow to understand the
variables of a system and its rules, which enables the individual to predict and control behaviors
(Castelhano-Souza et al., 2018). These abilities depend upon the integrity of social cognition brain regions
as the temporo-parietal junction (TPJ) and the medial prefrontal cortex (mPFC) (Overwalle, 2009), among

others.

The processing of motor action has been studied using varying amounts of task demands on the
participants, such as passive viewing of action videos. However, there are no studies in the focusing

10



specifically on the brain activation patterns during recognition of motor and social intention in motor
actions. This study aims to fulfill this gap in the literature by assessing which parts of the brain have
predictive attributes towards perceiving the intentions of actions using a behavioral and fMRI study. This
study will be another step forward into deciphering the brain code and it might be an impetus for further

development of research on this topic.

The present study

The main objective of this study is to unravel the neural correlates of perceiving intentions in
motor actions. To accomplish this, we will first analyze the differences in movements toward objects by
modifying aspects of motor intention (target size) and social intention (for me or for him). Subsequently,
we will test if subjects are able to recognize these intentions by only observing the kinematic of movements
as well the relation of this ability with social cognition skills, assessed by measures of empathy and
systemizing. Finally, we will conduct an fMRI study in which we assess two different recognition tasks -

a Motor intention and Social intention.
Considering the previous studies, we defined the following hypothesis:

(H1) The movement time will be shorter when placing the object for me in big targets and longer when
placing the object for someone else in small targets. The amplitude of movements will be higher when
placing the object for someone else in small targets and lower when placing the object for me in big

targets.

(H2) Participants will be able to perceive the motor intention (target sizes) and the social intention
(personal vs. social) above chance level. Furthermore, we expected that the scores of the cognitive

measures will be positive related with this performance.

(H3) The brain areas that will be more activated during the processing of Motor intention will be areas of
the mirror neuron system as the inferior frontal gyrus (IFG), the inferior parietal lobule (IPL) and the right
intraparietal sulcus (IPS). Brain areas that will be more activated during the processing of Social intention
will engage the social network and will include the inferior frontal gyrus (IFG), the inferior parietal lobule

(IPL), the temporo-parietal junction (TPJ) and the medial prefrontal cortex (mPFC).
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Study 1

Participants

Twenty-five right-handed French volunteers (three males) were recruited from University of Lille,
ages between 19 and 51 years old (M= 22.4, SD= 6.43), without history of neurological or psychiatric
disorder, participated in this experiment. The participants signed a written informed consent to the

experimental procedure.
Experimental Task.

Stimuli were built based on Lewkowicz and collaborators (2015) work. Briefly, we recorded videos
with two persons seated on either side of a table playing a cooperative game. One was referred as “Actor”
and the other was referred as the “Partner”. In this game, the “Actor” was always the focus of the game
even though he/she was not aware of this. On the table there was an object (a wooden dowel - width 2
cm; height 4 cm) and two drawn targets. The objective of this task was to move the wooden dowel,
between the thumb and the index finger, from one target to another in a sequence of three successive
manual actions: a Preparatory action, a Main action and a Repositioning action. The Preparatory action
was always performed by the Actor and consisted in (1) reaching to grasp the object, and (2) move it
vertically from the initial position to the central target. The Main action consisted in moving the object
horizontally from one target to another, and this one could be performed by the Actor or by the Partner.
Both Actor and Partner were informed before the Preparatory action about who would be performing the
up-coming action. The Repositioning action was replacing the object at the initial position, making the

setup ready for the next trial. This last action was always performed by the Actor (see Figure 1. — Panel

(A)).

As the Main action could be performed by the Actor or by the Partner, in this condition we were
manipulating the intention of the Preparatory action, i.e., the object could be placed “/or me" (personal
condition (M)) or the object could be placed to the Partner (social condition (H)) (see Figure 1 — Panel
(B)). Besides the intention (personal vs social intention) of the movement, we also manipulated the size
of the targets on the table (small targets (S) with a diameter of 5 cm or big targets (B) with a diameter of
10 cm), in order to test the Fitt's law effect. The targets had the same size in both central and final
position for each trial (so it didn't interfere in the effect). This was considered as the “motor intention”

condition of the movement (see Figure 1 - Panel (A)).
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As this was presented as a cooperative game, we instructed participants to perform the
movements as fast and accurately as possible, by correctly placing the object inside the designed targets
on the table and that they could earn points and proceed in the task. Once they were informed on who
would perform the actions, they were not allowed to communicate or to look at each other during the
game, but rather to keep the eyes fixed on the object. All the actions were preceded by a high pitch sound
so that the participants knew when to perform the movements. After placing the object in the final position,
a feedback sound was also given to participants, indicating a winning point (sound of “coins”) or not (low
pitch sound), according to their performance. In order to estimate the maximum speed (threshold) at
which participants could grasp the wooden dowel and place into the targets, we performed pilot study.
To this end, we used an adjustment procedure similar to the one used by Quesque et al. (2013). We
calculated the median amplitude of peak velocity of trajectories (APV= 1300 ms) and we set a threshold

of minimum 80% of this APV as a condition to get correct performances.

Small Target - VS - Big Target
@ -
Final position Central position {\
e . o ® 05
. Object initial position b. >
[ Hond initial position N
Log2((2x20)/5)=3 Log2((2x20)/10)=2
Target : 5 cm - Index of difficulty : 3 Target : 10 cm - Index of difficulty : 2
personal ———————— YS —————  Social

= = =

[
@ Cj.‘,b

Figure 1. Descriptive examples of the experimental setting. (A) shows the initial position

of the hand, the initial position of the object and the targets’ positions, with the distances between each.

The scheme also shows the two conditions of motor intention (small and big targets) and the respective
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index of difficulty (Fitts law). The arrows represent the two segments of the Preparatory action, the Main

action and the Repositioning action. (B) two conditions of social intention (personal and social).
Procedure

The experimental session was divided in four blocks. Each block was comprised by 20 correct
trials in each block. The blocks were counterbalanced according to the size of the targets and the
intentions - Small/Personal (SM); Small/Social (SH); Big/Personal (BM); Big/Social (BH). The total
experimental session lasted approximately 40 minutes and the blocks were counterbalanced across
participants. The experimenters were present during the whole session to ensure that participants
followed the instructions. All participants underwent into a practice block containing 10 trials so they
could get familiar with the task and to ensure that they understood the general instructions and

demonstrated an appropriate response.

In order to record the kinematics of the movement, we used three infrared cameras (Qualisys
system) with five infrared reflective markers placed on the index (base and tip), the thumb (tip), the wrist
(scaphoid and pisiform) of the Actor and one marker at the top of the object. The calibration was
considered correct when the standard deviation accuracy was smaller than 0.2 mm, at 200-Hz sampling
rate. All movements were recorded using a video camera, and the contextual information was suppressing
from the image. Specifically, only the Actor and Partners’ arms, the object and the table at a certain

degree were framed within the video clips (see Figure 2 - Panel (A)).
Data analysis

For the kinematic analysis we used a similar procedure to Quesque et al. (2013). Specifically, we
focused on the kinematic parameters of the Preparatory action, measured from the scaphoid wrist
marker. We analysed data of segment 1 and segment 2 of the Preparatory action of the 22 participants
in all conditions (data outside three standard deviations were eliminated). Kinematic parameters as
amplitude of the peak height of trajectories (APH) and movement time (MT) were analysed as these
variables inform the motor strategies behind displacing the hand through motor actions, according to
intention (Quesque et al., 2013). The APH was defined as the maximum z coordinate of the wrist
measured in the grasping (1) and in the lift to place (2) segments and the MT was calculated as the time
interval of each segment. We run a mixed model ANOVA analysis of variance to test for differences
between MT and APH according to motor intention (Big/Small targets), social intention (Personal/Social)

and when the two interact together (S/M; S/H; B/M; B/H).
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Results

The results showed significant differences in MT according to social intention in the segment 1
(F(1)= 46.725, p<0.001) and according to social intention (F(1)= 33.402, p<0.001), motor intention
(F(1)= 14.299, p=0.001) and social/motor intention interaction (F(1)= 6.056, p<0.05) for segment 2.
Regarding the APH, there was a significant difference according to social intention in both segment 1
(F(1)= 29.806, p<0.001) and 2 (F(1)= 7.064, p<0.001). No significant differences were observed
according to motor intention neither in the interaction of both motor and social intention (see 7able 1).
These results show that participants execute longer movements when placing objects in Small targets
and in Social intention (placing the object for the Partner), the same holds true if both of these two
conditions interact together (S/H). Also, participants display higher movements’ trajectories when they

are in cooperation (i.e., social intention conditions).

APH MT

Segment 1

Mean sq F value D Mean sq F value o)
Social 115451 29.806 <0.001 196990 46.725 <0.001
intention

Segment 2

Mean sq F value Jo, Mean sq F value Joj
Social 264.988 7.064 <0.001 126217 33.402 <0.001
intention
Motor - - - 54031 14.299 0.001
intention
Interaction - - - 22885 6.056 0.014

Table 1. Results of the mixed model ANOVA in kinematic analysis.
Study 2 - Validation of stimuli
Participants

This validation was conducted with 30 Portuguese students recruited from University of Minho (6
males), ages between 19 and 38 (M= 24,03; SD= 4,06), without history of neurological or psychiatric

disorder.

Cognitive measures
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Empathy Quotient (EQ-Short) and the Systemizing Quotient (SQ-Short). To assess the empathizing
- systemizing theory, we used a 22-item version of the EQ and a 25-item version of the SQ (Castelhano-

Souza et al., 2018).
Experimental task.

For the selection of stimuli for this task, we selected the kinematic data from Study 1 (data on
the Preparatory action). We divided these in two different tasks, the Motor intention task that considered
the differences in target size and the Social intention task, that considered the differences in the social
cooperation. According to the results described in study 1, we ordered data from the longer to the shorter
MT of the segment 2. We then calculated the mean of MT of the global dataset and we selected those
MT that were around +13% - 8% from the mean for the Small target and -13% - 8% from the mean for the
Big target. After we selected those APH on segment 2 that were comprised between +1/2 SD and - 1/2
from the global mean value of APH value. Finally, we matched all stimuli to obtain the same amount of
stimuli for Big and Small conditions, with the same social intention (in this case, 5 stimuli of BM and 5
stimuli of SM), and that were translated into MT differences but not APH. The same procedure was applied
for the Social intention task, with the data ordered according to the APH value in segment 2 and matched
on MT in order to assure the same amount of stimuli for Personal and Social conditions, with the same
target size (in this case, 5 stimuli of SM and 5 of SH), and translated in APH differences but same MT.
So, using comparison to the median values, this analysis confirmed the possibility to dissociate these two
tasks on the basis of movement time (MT) and height of placing the object (APH). In order to build the
videos dataset, we cut the videos before the Main action (described in study 1), as we wanted to assure
that participants anticipated the target size and the social intention only by observing the Preparatory
action. Therefore, the video clips that were further used as stimuli consisted in a sequential action of the
two segments (1) reach to grasp the object and (2) place the object in the target, that ended one frame
immediately after the Actor finished placing the object. All video clips had the duration of approximately

1,7 s and were compressed at 30 Hz.

Although we tried to avoid the maximum of the contextual cues during the recording of these
videos, it was not possible to get exactly the same characteristics in terms of visual aspects (e.g. lightness,
zoom, etc.), so we decided to convert these video clips into point light display, using only one white dot
representing the wrist of the arm executing the gesture (see example above, Figure 2- Panel (B)). These

differences in the kinematic parameters of movements have been shown to be perceptible for the
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observers, only through motion cues as point-light display is considered a powerful technique for the

recognition of biological motion (Cooketal.,2009).

(B)

Figure 2. Stimuli representation. (A) shows an example of a real video clip image of the

movement. (B) shows an example of the representation in point-light display.

With this final dataset of point-light display videos, we conducted a validation study. Therefore,
we performed a Yes/No recognition task for both Motor intention and Social intention. Participants had
to perform two blocks; in one block the task was to recognize the different size of the targets and in the
other block the task required participants to identify the social intention of the actions. The validation
experiment was designed on PsychoP)3 software and displayed on a computer screen. For each task
there was a training phase with 8 video clips (2 video clips of each condition, repeated twice). For the
experimental phase, we used the selected stimuli as mentioned above, 5 for each condition that were
repeated, with a total of 20 video clips per task. The video clips were displayed randomly in the training
and experimental phases of each task and the tasks were counterbalanced between participants. Each
trial lasted 3,4 seconds, with each stimulus being presented with a duration of approximately 1700 ms,
followed by a black screen with a delay of 1500 ms and then a white bar at the end of the movement

during which participants were prompt to give their answer (see Figure 3).

Motor intention task — SM/BM

* NIRRT AN

Training phase Experimental phase

(B)

Video Stimulus — 1700 ms

Social intention task —

Training phase Experimental phase

(C)

Delay — 150 ms

Bar (left or right) — 1500 ms

I
e (3 4 )

Figure 3. Validation experiment paradigm. (A) and (B) show the paradigm of the two tasks.

(C) shows an example of a trial.
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Procedure

Before the experiment, the participants were instructed on the cooperative game. In the training
phase, participants watched real videos with individuals performing the movements of the Preparatory
and Main action and in the different conditions (with big/small targets and involving one or two people).
After that, we showed the type of video clip participants were about to classify, by displaying a real video
of an arm performing only the Preparatory action and a video of the same representation but with a point-
light display video. Then, we asked participants to categorize each video clip as fast and accurately as
possible by pressing the respective response key (“s” for yes and “n” for no). For the Motor intention
participants were required to answer the question “Does it involve a Big target?” and for the Social
intention task, “Does it involve another person?”. The corresponding Yes/No keys were written on the
computer screen at the time the participants had to answer. No feedback was given during the
experiment. After that, the participants performed the cognitive assessment by answering the Empathy
(EQ-Short) and the Systemizing (SQ-Short) questionnaires. The order of the two tasks and the order of the
questionnaires were counterbalanced across participants. After the experiment, participants were asked

to comment their performance on the categorization tasks.
Data analysis

The results were expressed in total percentage of correct responses, with the response times
being calculated as the time interval between the appearance of the white bar and the participant’s key
press. We run the behavioural and cognitive analysis in the SPSS Statistics version 25 (IBM Corp.,
Armonk, NY, USA). For each task, we calculated the mean and the standard deviation of the percentage
of correct responses and compared them to a reference random answer value of 50%, with a single
sample t-test. In order to observe if there was a differences in individual performance on both tasks, we
run a paired sample t-test. After scoring the questionnaires, we tested if the percentage of correct
responses of each task was correlated with these cognition measures each task with the respective
expected correlation questionnaire, separately. For this, we used the Pearson correlation method. All

analyses were conducted with an alpha level of significance set to 0.05.
Results

For the Motor intention task, the mean percentage of correct responses was 61,3% (SD= 23.9);
= 2.595, p< 0.05. For the Social intention task, the mean percentage of correct responses was 52.2%

(SD= 21.2); £ 0.561, p= 0.579. There were no differences in the percentage of correct responses
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between the two tasks (& 1.613, p= 0.118). Additionally, results yelded no significant effect of the
different tasks in the mean response times. Participants categorized the video clips from the Motor
intention task (M= 1.14 s, SD= 0.74) as fast as the video clips from the Social intention task (#/= 1.37
s, SO = 0.75); £ -1.869, p= 0.072. Regarding the cognitive assessment, no correlation between the
performance in the Motor intention task and the score in the SQ (R= 0.051, p= 0.787), and the same
lack of association was observed between performance in the Social intention task and the score in the

EQ (R=-0.126, p= 0.506).
Study 3 - fMRI study on motor and social intention
Participants

Four right-handed healthy participants (2 males), with ages between 24 and 31 years old (M=
29: SD= 3.367), without history of neurological or psychiatric disorder, participated in this pilot study.

This pilot study was also approved by the ethical committee from University of Minho.
MRI data acquisition

Magnetic Resonance Imaging data was acquired in Hospital de Braga, in a clinically approved
Siemens Verio 3T scanner using a 32-channel head coil. For the functional images, a multiband echo
planar imaging acquisition sensitive to blood-oxygen-level dependent (BOLD) signal was acquired during
the execution of the task, with the following parameters: time of repetition (TR) = 1 s, time of echo (TE) =
34 ms, flip angle (FA) = 62 °, isometric voxel resolution of 2 mm3, 64 slices, multi band acceleration
factor of 3 and 670 volumes. For the spatial co-registration of the data, a structural acquisition was also
acquired with a 3D Tl-weighted Magnetization Prepared Rapid Gradient Echo (MPRAGE), with the
following parameters: (TR) = 2.42 s, (TE) = 4.13 ms, (FA) = 9 °, 176 sagittal slices, in plane resolution =

1.0 x 1.0 mm2 and slice thickness = 1.0 mm.
fMRI experimental task.

Considered the results described in study 2, we selected the three best categorized videos in the
validation task, of each condition. In the fMRI task we used a block design with two runs -the Motor
intention recognition task and the Social intention recognition task. The procedure was designed with
Psychopy software. Each run consisted in 6 experimental blocks, 6 control blocks and 11 resting blocks
between each experimental/control block. For the Motor intention recognition run, the experimental block
began with the instruction (“Does it involve a Big target?”) and the Yes/No respective response keys that

were followed by randomized 6 trials (3 video clips per condition — SM/BM). The control blocks had the
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same video clips as the respective experimental block but with a different instruction - “Does the white
bar appear at the right?”. The resting blocks consisted in a fixation cross and lasted the same time as the
experimental/control block. The same scheme was used for the Social intention run, with the only
difference being in the stimuli presented (SM/SH) and the instructions, “Does it involve another person?”
(for the experimental blocks) and “Does the white bar appear at the right?” (for the control blocks). Each
trial lasted 4s, each block lasted 28s, with a total duration of approximately 10 minutes each run. The
order of the blocks in each run was always the same for all the participants (blocks=
['e','r)'c'r,'c v, 'el, ' el et et e e et e e ], being ‘e’=experimental; ‘c’=control and
‘r'=rest), but the order of the tasks and the response keys were counterbalanced across participants. The

participants answered by pressing a command-box with two buttons.
Procedure

Before entering in the scanner, participants were trained and instructed about the tasks they
should perform. Training was similar to the validation experiment, i.e., watched videos of individuals
playing the game in the different conditions, observed a real video of the Preparatory action and then the
respective point-light display video. Participants were instructed on the two tasks, and the respective
questions they would answer in each task - for the experimental and control conditions. Besides that,
they performed the experiment task of study 2 to get familiar with the tasks. This time, we also asked the
participants to perform the movements. They took part in the short cooperative game with similar
manipulative movements than those performed by the Actor in the stimuli video. They were required to
grasp and place an object at the centre of the table inside a Big or Small target and for their own purpose
(Personal intention) or for the experimenter (Social intention). After all this familiarization procedure, and
before entering the scanner, they were asked to pay attention to the instructions and response keys' order
during the experiment, to give the answer only when the white bar appeared and always with their left

hand.
Behavioral and MRl data analysis

The behavioural data was analysed using SPSS Statistics version 25 (IBM Corp., Armonk, NY,
USA) (similar as in the validation analysis).

The fMRI data pre-processing and statistical analyses were performed using Statistical Parametric
Mapping version 12 (SMP12) implemented in MATLAB. After pre-processing the data with a filter of 8mm
in smoothing, we performed a first level analysis and we selected the following contrasts — “Motor

intention vs. Control” and “Social intention vs Control”. Then, we performed a one sample t-test in the
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second level for the group analysis, where we contrasted the brain activations to each task “Condition vs
Control”, with a voxel level intensity threshold of p<0.001 (uncorrected). We obtained the anatomical

brain localizations using MNI coordinates in the cuixfsoftware.

Results

Behavioral results from fMR/I session

For the Motor intention task, the mean percentage of correct responses was 67.4% (SD= 5.73);
= 6.067, p< 0.05 and for the respective control task, the mean percentage of correct responses was
82.7% (SD= 8.31); £ 7.857, p< 0.05. For the Social intention task, the mean percentage of correct
responses was 49.3% (SD= 50.50); £ -0.27, p= 0.980 and for the respective control task, the mean
percentage was 89.6% (SD= 9.43), £ 8.390, p< 0.05. There was no difference in the percentage of
correct responses between the two experimental tasks (& 0.772, p= 0.496), neither between the two
control tasks (& -1.461, p= 0.240). When we compared the performance between the validation
experiment in the familiarization phase with the behavioural responses inside the scanner we did not find

differences in both Motor intention (t=-0.013, p=0.990) and Social intention tasks (t=-0.058, p= 0.957).
MR/ results
Motor intention task

In the Motor intention task, the comparison between the experimental and control condition
elicited a left-lateralized brain network, involving the left postcentral gyrus (k= 6; Z= 4.564; x= -52, y= -
20, z= 48) , left precentral gyrus (k= 19; 7= 3.564; x=-36, y=-22, z= 70). We also observed a pattern of
increased activation in the right hemisphere, as the right middle occipital gyrus (k= 7; Z= 3.951; x= 26,
y=-96, z= 16), the right middle temporal gyrus (k= 7; Z= 3.702; x= 56, y=-68, z= 4) and the right middle
frontal gyrus (k= 3; Z= 3.846; x= 44, y= 18, z= 52) (see Table 2.

Social intention task

In the Social intention task, the contrast experimental vs. control conditions elicited a more right-
lateralized brain network. Specifically, an increased activations of the right middle frontal gyrus (k= 10;
/= 4.021; x=46, y= 16, z= 40), right medial frontal gyrus (k= 10; Z= 3.715; x= -4, y= 26, z= 50) and
right caudate (k= 5; 7= 3.601; x= 14, y= -2, z=20). Furthermore, and increased activations of the right
parietal lobe were elicited, specifically in the inferior parietal lobule (namely, supramarginal (k= 4; 7=

3.983; x= 50, y=-38, z= 44) and angular (k= 4; Z= 3.632; x= 46, y=-70, z= 38) gyri) (see Table 2).
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Contrast H Cluster Zvalue

MNI p<0.001
X Y VA
S L 6 4.564 52 20 48 Postcentral Gyrus (aal)
§ L 24 4.499 44 22 22 Rolandic operculum (aal)
g‘ R 7 3.951 26 96 16 Middle Occipital Gyrus
_§ R 3 3.846 44 18 52 Middle Frontal Gyrus (aal)
g c R 7 3.702 56 68 4 Middle Temporal Gyrus (aal)
(=]
5 :-LE, L 19 3.564 36 22 70 Precentral Gyrus (aal)
é § L 3 3.224 18 58 4 Superior Frontal Gyrus (aal)
§ R 10 4.021 46 16 40 Middle Frontal Gyrus (aal)
§ R 15 4 10 -6 -2 Lingual Gyrus (aal)
g‘ R 4 3.983 50 38 44 Supramarginal Gyrus
_§ L 10 3.715 -4 26 50 Medial Frontal Gyrus (aal)
2 _ R4 3632 46 70 38  Angular (aal)
© o
= :_-E R 5 3.601 14 -2 20 Caudate (aal)
§ § R 3 3.545 44 12 38 Pars Opercularis (aal)

Table 2. Brain activations of the two contrasts.

60 30
40 20
20 '

(B)

Figure 4. Areas with significant activation (in red) for (A) Motor intention vs. Control condition; (B)

Social intention vs. Control condition.



Discussion

In this study, we investigated how individuals distinguish motor and social intention with a
behavioural and neuroimaging approach. Therefore, we assessed the neural networks underlying the
recognition of different intentions in movements performed toward objects. Using point-light display
stimuli, i.e., without verbal, facial expressions or any contextual cues, being reduced to the simple
movement of the hand grasping objects and with different underlying intentions, this study helped to fill
the gap in the literature using an innovative behavioural and neuroimaging approach to investigate the
neural networks involved the perception of motor and social intentions in movements, while controlling

for kinematics.

Our results showed differences in MT according to motor intention and social intention.
Participants tended to execute longer MT with small targets and when placing the object to someone else.
These results are in line with the Fitts law regarding to longer MT being related with small targets (Fitts,
1954) and with social intention (Quesque & Coello, 2014). Furthermore, these differences were
predominantly observed in the segment 2, where the deceleration phase occurs. The duration of the
deceleration phase tends to be modified when more precision is required, resulting in longer MT in this
segment (Marteniuk et al.,1987; Quesque et al., 2013). Regarding APH, participants displayed higher
movements’ trajectories when they were in cooperation (i.e., social condition), which is also in
concordance with previous studies (Quesque & Coello, 2014). Conversely, we did not observed
differences in the APH value in the motor intention condition. This may be explained by the fact that motor
intention requires more precision in movement, which is associated with the observed differences in MT,
while differences in spatial parameters (APH) of movements are more associated with social intention as
they are related to the attempt to catch the attention of the other and alert about who will be the next one

performing the movement, and thus optimizing the cooperation (Quesque et al., 2013).

With the kinematic and behavioural experiments, we aimed to replicate the findings of previous
studies documenting differences in the kinematic of movements according to intention and their
recognition (Quesque et al., 2013; Quesque & Coello, 2014; Lewkowicz et al., 2015), but also introduce
a novelty by putting two types of intention — Motor and Social - in interaction. By modifying both motor
and social intention at the same time, we obtained a highlighted increase of MT as effect of the interaction
of small targets with social intention. The effect of Fitts law regarding to MT is therefore emphasized when

we added a social intention to the movement.
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Additionally, we wanted to test whether the subjects were able to perceive the Motor intention
and the Social intention of the movements by observing only these changes in the kinematics’ parameters
based on the recordings of these movements using point light display videos. By using an innovative
approach, our behavioural and neuroimaging procedure considered “Motor intention” as the condition
where movements were performed to an end that did not involve a conspecific. To this end, by
manipulating the size of the targets where the objects should be placed, the intentions were only regarding
the motor properties of the task. We also considered “Social intention” as the condition those movements
in that we required participants to attribute a social intention when positioning the object for another
person rather than just for personal use. Results showed that the participants were able to recognize the
video clips in the Motor intention task, by correctly identifying the ones involving a Big target from those
of a Small target, above chance level (Lewkowicz et al., 2015). Conversely, for the Social intention task
the participants displayed difficulty in distinguishing the video clips presenting a Social intention from
those presenting a Personal intention. These results suggest that the stimuli for assessing “social
intention” are likely to be inappropriate to assess this condition or more difficult to infer an intention. In
fact, some participants pointed to the fact that it was difficult to imagine a social interaction through a
movement represented by just one dot. Perhaps the effort to eliminate all the contextual information, also
eliminated the capacity of perceiving a social component in this kind of representation. Though these
parameters are considered of being perceived through biological motion, some studies raise concerns on
the generalizability of formless motion cues (Atkinson, Tunstall & Dittrich, 2007). This can be the case,
as we only used one point to represent the all hand/arm movement. In addition, the differences in the
kinematics of movements that differ in social intention, although notorious, are not so pronounced as in
motor intention and tend to differ more from individual to individual (Quesque et al., 2013). We can
question whether or not our stimuli are representative of these differences to be perceived. Moreover, the
recognition of these kind of stimuli that integrates social aspects, requires higher-level socio-cognitive
mechanisms, associated not only to “mirroring” network, that helps us to identify the movements, but
also to the “mentalizing”, that helps us to infer about the intention of others ‘movements (Barrett &
Satpute, 2013). In fact, the ability to identify the intentions and goals of others is related to the interaction
of these two systems and entails high-level capacities mediated by the prefrontal cortex (PFC) (Overwalle,

2009).

Despite these results in the validation phase of the stimuli, fMRI results highlighted a dissociation

in the neural networks engaged in recognizing motor and social intention conditions. The direct contrasts
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between condition and control in both tasks revealed essentially a motor and a socio-cognitive network

for perceiving motor and social aspects in reach to grasp movements, respectively.

More specifically, the Motor intention task elicited areas associated with the “motor” network that
included the precentral and the postcentral gyri. The precentral gyrus located in the frontal lobe is related
with the observation of object-related hand/arm movements (Rizzolatti & Craighero, 2014). Furthermore,
the role of the postcentral gyrus is associated with the comprehension of gestures when there are no
other cues (Yang, Andric & Mathew, 2015). On the other hand, the Social intention recognition task
recruited brain regions traditionally involved in the “mirroring” and “mentalizing” networks, consistent
with previous literature the role of the interaction of both systems in perceiving social intention (Barrett &
Satpute, 2013; Bono et al., 2017). The increased activation of the pars opercularis in the inferior frontal
gyrus (IFG) and the right inferior parietal lobule (IPL) are well documented to be associated with the
activation of the “mirroring network” during action recognition (Overwalle, 2009). As we excepted, regions
along the superior temporal sulcus (STS) and near to the temporoparietal junction (TPJ), namely the
supramarginal and angular gyri are typical regions of the social-cognition network (Adolphs, 2003). These
regions are associated with the inferential processes of mentalization and rationalization when intention
recognition requires analysing situational constraints (Brass et al., 2007). Furthermore, the social
intention condition also recruited other brain areas related with social cognition, as the middle frontal

gyrus and the cingulate (Sebastian et al., 2012).

Additionally, our results showed that the motor intention condition elicited a more left-lateralized
brain networks in comparison with the social intention condition that was associated with a higher
activation of the right hemisphere, which is consistent with Brownell and collaborators (2000) highlighting

the role of the right hemisphere in social cognition domains.

Finally, we did not observe any association between behavioural and neuroimaging performance
and the scores in systematization. In fact, higher scores in this questionnaire were not associated with
the capacity to perceive the motor deviants in movements, e.g. the target size in motor goal directed
movements. This is likely to be associated with the fact this is more associated to the analysis of explicit
variables of a system, being practically useless to predict this type of subtle kinematic variations of a

person's movement according to intention (Baron-Cohen et al., 2014).

Overall this study highlighted the role of different brain mechanism to perceive social and motor
intention, despite the behavioral result was only evident for the motor intention condition. In fact, this

study has some limitations. As it was a pilot study, the results of the fMRI recognition task cannot be
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generalized. Some of them have been interpreted even though with low cluster sizes. So, for this aim, the
sample size should be enlarged. Regarding the stimuli, the validation experiment did not allow us to
clearly conclude that the participants were able to distinguish the different intentions of the movements.
We could point out as possible causes, the representation in point-light display which, despite being
informative, may not be sufficient or may have to be improved in terms of biological motion
characteristics. The few amount of stimuli used for the validation task may have also contributed to the
result. Despite that, we still used these stimuli since we were interested in the neural correlates during
the process of perceiving motor vs. social intention in motor actions. Nevertheless, it would be interesting
to improve the stimuli in order to establish a relation between the behavioral results and the brain elicited

activations.
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Comissdo de Etica para a Saiide

Data: 25-09-2015
Nossa referéncia: CESHB 034/2015
Outra referéncia:

Relator: Juan R. Garcia

Parecer emitido em reuniio plenaria de 12 de Maio 2015

Nos termos dos N° 1 e 6 do Artigo 16° da Lei N° 21/2014, de 16 de Abril, a Comissao de Etica para
a Salde do Hospital de Braga (CESHB) em relacdo ao estudo ‘Gestos Intransitivos e
Cognigdes Sociais em Vitimas de AVC’, de que é investigadora principal Johanna Andrea
Rodrigues Viana, aluna do Mestrado Integrado em Psicologia da Universidade do Minho; e
orientadora a Prof®. Dra. Adriana Sampaio, e decorrera no Servico de Medicina Interna da
instituicao, emite o seguinte parecer;

O estudo visa avaliar os mecanismos neurocognitivos envolvidos na producdo de gestos
intransitivos e mimicos em 20 pacientes com AVC pelo menos trés meses antes, sem outra
patologia neurolégica ou psiquiatrica, e niveis normais de compreensio verbal. Inclui a avaliacado
de uma coorte de 20 participantes saudaveis.

a) O estudo é pertinente: e todos os participantes irdo usufruir de sessées de avaliagdo neuro-
psicolégica, podendo ser encaminhados para outras especialidades de acordo com as
necessidades.

) Metodologia cientifica: estudo observacional, transversal e analitico, tipo caso-control. Serzo
utilizados diversos testes psicolégicos de compreenséo verbal, de ateng&o, de funcionamento
executivo e cognicdes sociais e video-espaciais. A avaliacio de gestos sera gravada em videoAlém
disso, cada participante ira realizar um Ressonancia Magnética.

b) Nao riscos a mencionar.
d) O investigador principal e dos restantes membros da equipa s&o aptos para o estudo;

e) O Servico de Medicina retine condicdes materiais e humanas necessarias 3 realizacao do
estudo clinico;
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Hospital Comiss&o de Etica para a Satde

f) N&o esta prevista qualquer retribuicdo ou compensacdo eventuais dos investigadores e dos
participantes;

g) As modalidades de recrutamento dos participantes é adequada. N&o consta do projeto calculo
de poder amostral.

h) Nao existem situagdes de conflito de interesses por parte do promotor ou investigador envolvidos
no estudo clinico;

i) Nao estd comtemplado o acompanhamento clinico dos participantes, apos a conclusdo do
estudo;

j) Estd adequadamente prevista a obtengdo de consentimento informado. Os dados serdo
anonimizados mediante cédigo a atribuir aos testes e ressonancias magnéticas, sé conhecidos
pelas investigadoras. As gravagées em video serdo destruidas no final do projeto. A divulgagéo do
estudo nunca sera para dados individuais, mas para o conjunto dos dados.

k) Os custos serdo suportados pelo Centro de Investigacdo em Psicologia da Universidade do
Minho.

Pela Comisséo de Etica do Hospital de Braga nao ha objecdes éticas no presente projeto.

O Presidente

-

I
Dr. Juan R Garcia.
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