


OBJECTIVES

• Learn about basic ingredients to have agency: e.g. separating mental intent from

physical volition

• Learn about kinematics-based indexes derived from complex human motions to 

quantify the differences between intent and volition

• Learn some more about experimental assays and statistical methods to analyze data

• Learn about patients with different degrees of intent and volition



INTELLIGENT BEHAVIORAL ANALYSES iBA

SOCIAL
INTERACTION

+

3



VOLUNTARY

INVOLUNTARY

AUTONOMIC

IN
V

O
LU

N
TA

R
Y

AUTONOMIC

VOLUNTARY

Torres 2011 4

TOP DOWN

BOTTOM UP



THE PERIPHERAL 
NERVOUS SYSTEMS

Afferent Fibers

mechanoreceptors

nociceptors

thermal receptors

Socio-Motor Axes

Face

Body

Intended Actions (deliberate, staged, purposeful, goal-directed)

Unintended Actions (spontaneous, supplemental, goal-less, 

uninstructed)

Inevitable Actions (unintentional beliefs turned intentional) 
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CHARACTERIZING INTENT 
THROUGH DIFFERENT TYPES OF PROCESSES

Elsevier 2018; Torres EB Copyright 2019, Elizabeth B Torres
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HOW TO RECOGNIZE INTENT?

Mental Intent vs Physical Volition

Automatic

Learning

Automatic

Un-learning

(inevitable)



INVARIANCE IN MENTAL INTENT VS VARIABILITY IN PHYSICAL VOLITION



SPACE-TIME SEPARATION OF MENTAL INTENT VS PHYSICAL VOLITION

Similar timing Different distance Speed=distance/unit time

Time variations 

across space

Local Time constancy
Global Position Dependent Variations

A Distance Metric



LOOK AT THE KINEMATICS OF THE MOTION TRAJECTORIES

learning

learned Geometric ratios

Area Ratio = APartial/Atotal

Perimeter Ratio = PPartial / PTotal



LOOK AT INVARIANCES IN THE CURVES



SPACE MAP OF TIME-TO-FIRST HAND VELOCITY PEAK



INTENTIONAL HAND MOTIONS TO AVOID OBSTACLES



DYNAMICS INVARIANTS IN THE PLANNING OF INTENDED TRAJECTORIES



CORTICAL 
SPIKES



MENTAL INTENT VS PHYSICAL VOLITION



MENTAL INTENT VS PHYSICAL VOLITION

Experimental Assay to Probe Intent



MENTAL INTENT VS PHYSICAL VOLITION

Unlearning curved trajectories/de-adaptation

unintended

intended



TWO CLASSES OF CELLS BASED ON FIRING RESPONSES

SUPRESS ACTIVITY ENHANCE ACTIVITY



A PATTERN OF MENTAL INTENT IN TWO CELL CLASSES



MIXING NEURONS PLANNING ACTIVITY PREDICTS 
IMPENDING SPEEDS ACROSS LEARNING AND DE-ADAPTATION

INTENTIONAL LEARNING
UNINTENTIONAL 

DE-LEARNING



MENTAL INTENT ACROSS MULTIPLE EMBEDDED SPACES



Path Conservation in both Postural Configuration 
and Hand spaces



COULD POSTURAL CHANGES BE A PARSIMONIOUS EXPLANATION?



PREDICTING 2 SECONDS AHEAD THE IMPENDING POSTURAL PATHS 
FROM NEURONAL PLANNING SPIKES

Two Cell Classes



INTENT MAPS IN THE POSTERIOR 
PARIETAL CORTEX INTEGRATE 

VISION AND PROPRIOCEPTION



LOSING THE LINK BETWEEN MENTAL INTENT AND PHYSICAL VOLITION



PARIETAL HEMISPATIAL NEGLECT: RIGHT PPC STROKE



HUMANS POSTERIOR PARIETAL CORTEX SPACE ASYMMETRY

Visual Space

Right PPC Left PPC

ContralateralContralateral Ipsilateral

Visual Space gone

Right PPC Left PPC

ContralateralContralateral Ipsilateral

Left PPC involved in numbers (acalculia upon stroke)
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LEFT PPC STROKE NO SPATIAL NEGLECT
HOW ABOUT TIME? ACALCULIA - NUMBERS



PHYSICAL - INTENTIONAL ACTIONS IN NEGLECT AND PD

Torres el al 2010, J of Neurophysiology

Torres el al 2013, J of Neuroscience

Yanovich et al 2013, PLoS

Pointing Reach to Grasp 

Default

Primed

Experimental Assays



SPACE – TIME KINEMATICS PARAMETERS OF POINTING TRAJECTORIES



THERAPEUTIC  EFFECTS RECOVERING NORMALCY



DIFFERENT SPACES AFFECTED

Internal Posture Space

External Hand Space



A DIFFERENT FORM OF NEGLECT IN LEFT PPC STROKE



RETURNING TO IAN WATERMAN: INTENT

https://www.pbs.org/video/brain-david-eagleman-episode-3-clip-1/

https://www.pbs.org/video/brain-david-eagleman-episode-3-clip-1/


PHYSICAL - INTENTIONAL ACTIONS

Torres el al 2013, J of Neuroscience

Yanovich et al 2013, PLoS

Pointing Reach to Grasp 

Default

Primed



PHYSICAL INTENT IN PD IS IMPEDED BY PRIMING

Control PD PD Primed



SPONTANEOUS RETRACTION IN PD ARE EVEN MORE IMPEDED 
THAN INTENTIONAL FORWARD MOTIONS

Control PD PD Primed



PRIMING IMPEDES INTENTIONAL PHYSICAL MOTIONS IN PD
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THERAPEUTIC VALUE



HAND POINTING MOTION TRAJECTORIES  
DEAFFERENTED IW



DEAFFERENTED TRAJECTORY PRIMING SPEED IW

Fast vs Slow
Fast vs Slow



COMPARED TO PATIENTS WITH PD

IAN Waterman



HAND MOTION TRAJECTORIES VISUAL GUIDANCE EFFECTS

LIGTH

VISUALLY GUIDED

DARK

IMAGINED

PEAKS



PROBING PREFERENCES: IW VS CONTROLS

Elsevier 2018; Torres EB Copyright 2019, Elizabeth B Torres



POPULATION POINTING  STOCHASTIC SIGNATURES

Elsevier 2018; Torres EB Copyright 2019, Elizabeth B Torres



SPEED MAXIMA AS A NATURAL CLASSIFIER



IAN WATERMAN MOTIONS UNDER SENSORY SUBSTITUTION

Torres et al, 2014 Frontiers in Integrative Neuroscience



IAN WATERMAN SIGNATURES VS CONTROLS

Torres et al 2014; Frontiers in Integrative Neuroscience Copyright 2019, Elizabeth B Torres



APPLICATION: MAP OF NEUROLOGICAL DISORDERS

Torres et al 2016; Frontiers in Integrative Neuroscience Copyright 2019, Elizabeth B Torres



MENTAL INTENT VS PHYSICAL INTENT



RESPONSES TO BRAIN (CORTICAL) STIMULATION



EVOKED RESPONSES FROM BRAIN STIMULATIONS



WHAT ABOUT IAN WATERMAN’S MENTAL INTENT?

HOW IS MENTAL INTENT MANIFESTED IN THE BRAIN OF IW?



IAN WATERMAN
MENTAL INTENT WITHOUT KINESTHETIC REAFFERENCE

EEG - CLOSED LOOP BRAIN-MACHINE INTERACTIONS

Choi & Torres, 2014 J of Neurophys



INTENT IS AN ABSTRACT SIGNAL

VISUAL-AUDITORY CONTROL: AUTOMATIC TRANSFER

Choi & Torres 2014; J of Neurophysiology Copyright 2019, Elizabeth B Torres



AUTOMATIC TRANSFER OF INTENT TO AUDITORY DOMAIN

Choi & Torres 2014; J of Neurophysiology



COGNITIVE EFFORT MEASURED THROUGH CONNECTIVITY MAPS

Ian Waterman Biologist Mathematician

Choi & Torres 2014; J of Neurophysiology Copyright 2019, Elizabeth B Torres



AUTOMATIC TRANSFER OF INTENT FROM VISUAL 
TO AUDITORY – IN DEAFFERENTED PARTICIPANT IW

Choi & Torres 2014; J of Neurophysiology



CORTICAL ACTIVITY SHIFTS
CONTROLS IW

Choi & Torres - unpublished



EVOLUTION OF MENTAL INTENT IN BCI - NEUROFEEDBACK



SUMMARY

• Intent is quantifiable in mental activity

• Intent is abstract and transfers across senses

• Physical intent is separable from Mental intent (deafferentation, absence of 

movement, pressure and touch feedback but pain temperature present)

• How to differentiate intentional physical action from unintended acts?

• Is motor reafference separable from pain-temperature reafference?



CHARACTERIZING INTENT THROUGH DIFFERENT TYPES OF PROCESSES

Elsevier 2018; Torres EB Copyright 2019, Elizabeth B Torres



A THIRD TYPE OF OUTCOME: THE INEVITABLE



NEXT CLASS: SEPARATING INTENT IN AUTONOMIC SIGNALS 
FROM INTENT IN KINEMATICS SIGNALS

https://www.mdpi.com/2075-4426/10/3/76

https://www.mdpi.com/2075-4426/10/3/76

