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Goal:

The goal of this project is to test the limitations of body ownership translation phenomena.  Body ownership translation phenomena (BOTP) is the sensation that a part of the human body (or the human body as a whole) has been translated outside bounds of the physical self.  For example, the rubber hand illusion (RHI) produces the sensation that a rubber hand is an extension of one's own body, or rather the stimulation of one's actual hand is perceived as stimulation to a hand-like object.  This can be done by semi-precise use of multiple human senses, as has been demonstrated by previous published research.

One of the main goals of this project is to invoke BOTP on a digital representation of a human hand.  Once this has been accomplished, another experiment of the same nature can be held to precisely test how some of the senses interact to form BOTP.  Additional experiments will also be held which further test the limits of BOTP, as well as recreate previous published research.

The following is a preliminary list of experiments for this proposal:

1. Invoking BOTP through a subject's hand onto a computer generated object, and optimizing the best way to do so.

2. Precision testing of the first BOTP experiments using choice senses to form an altered perception of reality.

3. Experiment with BOTP beyond the constraints of simple touch and sight.

4. Recreate the out-of-body experience experiment with the intent of further applying it to our goals.

Audience and Demonstrated Needs:

Software Designers – New input techniques could be developed that are more natural than current conventions.

Video Game Developers – Videos game interaction could become much more immersible.

Artificial Limb Medical Researcher – This research could be applied to making artificial limbs feel like a natural extension of the body and possibly removing pain associated to the limb.

Psychology Researchers – The research could be used to help understand how the brain distinguishes our body from other objects.

Previous Approaches:

In class we experimented with the notion that our senses can be fooled into believing a foreign object is apart of our body.  We preformed the following tasks:

1. Lead to believe a rubber hand was our own.

2. Lead to believe that a table top was an extension of our skin.

3. Lead to believe that our nose grew to longer lengths.

Related Work:

“Fooling your feelings: Artificially induced referred sensations are

linked to a modulation of the primary somatosensory cortex” — In this article the experimenters preformed tests that involved a monitor with a video of a hand being stroked on a certain finger.  With their hand in a box, the subject was stroked on a different finger.  The results found that the subject experienced a different finger being stroked than was actually stroked.

“Having a body versus moving your body: How agency

structures body-ownership” — In this article tests are preformed using different timing structures to test the extent at which people will think that foreign objects, in this article a rubber hand is used,  are actually apart of their body.

“VIA: A Virtual Interface for the Arm of Upper-limb Amputees” — In this article the experimenters preformed tests on amputee subjects to test whether they could still perform regular tasks with a hand.  They were fitted with a device that sensed primary muscles that can control a hand if it were there.  Subjects preformed simple tasks while looking at a monitor with a graphical representation of a hand that they controlled using the device. 

Why we think we will succeed:

Upon reading the aforementioned articles we have had our own ideas regarding this subject that have not been discussed anywhere we have read.  Since we are relatively new to this subject, we feel that we can bring a fresh perspective to the topic.  

Test Subjects:

For the following experiments we plan to use 5-7 subjects each, since we are short on time we will be using, for the majority, friends, classmates, and instructors.    

Evaluation of Experiments:

During the course of the experiments we will be asking questions about how they feel and we will write down their answers.  Also we will be recording, based on the experiment, times that the person says they feel the sensation of the digital image is apart of their body.

Experiment Series #1:

Description:  This experiment series will reproduce the original RHI with the difference of a real-time video display of the subject’s hand instead of a fake hand.
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The subject will place their hand into an open-topped box so that it is obscured from view.  A digital camera will be placed somewhere in the box with a real-time feed to a monitor.  An experimenter will stimulate the subject's hand as the subject watches through the monitor.  The subject will be asked a series of questions to assess whether they experience BOTP through the use of the digit representation of the subjects hand.

Between experiments in this series, certain variables will be altered in an attempt to discover an optimal approach to invoking BOTP with a digital hand.  As of now these variables include:  camera positioning, monitor positioning, positioning of the subject's hand in respect to body, and the type of stimulation.

Equipment:  


Digital Camera


Computer and 
Monitor


Box

Success:  The primary success of these experiments is based on reproducing BOTP through the use of a digital object.  Furthermore, learning how to optimize the BOTP with a digital hand is critical for the next series of experiments.

Experiment Series #2:

Description:  This experiment series will reproduce the original RHI in a similar fashion as the previous experiment series.  Additionally a program will be developed to input feedback from the subject.  
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The experiment will optimized from the previous series, but it will remain mostly the same except that the subject will be instructed to press a control button when they believe they feel BOTP.  This will signal the computer to incrementally delay the feed from the digital camera.  The subject will be instructed to continue pressing the control button as the experimenter stimulates the hand.  Eventually the subject will lose the sensation and inform the computer by releasing the control button.  The subject will not be informed beforehand about the delay in the visual feed.

Equipment:  


Digital Camera


Computer and 
Monitor


Box


OpenCV program – alters video feed based on subjects input, records subjects data

Success:  Success for these experiments is based on analyzing collected data for correlation between subjects.  Based upon the results, the synchronization threshold to reproduce BOTP can be assessed.  If the correlation between the time and the sensation felt is very low (below +.3), then it can be assumed that there are other factors which cause the sensation to be lost.

Experiment Series #3:

Description:  This experiment series will again reproduce the RHI with a digital representation of a hand in order to explore the effects that more complex human percepts have on the BOTP sensation.  The complex percepts of choice for this series are stress and temperature.

To test the effects of stress on BOTP, experiments will be set up similar to experiment series #1 with the addition of a stress inducer visible on the monitor.  An video overlay of a stress inducer (i.e. a spider, a snake, etc.) will be applied to the digital camera feed so that the subject views both their hand and the stress inducer.  If it is not obvious, the subject will be informed that their hand is the only thing in the box.  The subjects heart rate will be observed both with and without the presence of the stressor.  The subject with be asked how the stressor effects their perception of BOTP.

Testing temperature will be very similar.  The subject will be exposed to temperature variations to determine how those variations effects BOTP.

Equipment:  


Digital Camera


Computer and 
Monitor


Box


Greeen screen


Appropriate stressor 


OpenCV program – alters video feed to include stressor


(Some way of testing temperature)

Success:  Success for this series of experiments relies on obtaining reliable data.  If the subjects do not experience BOTP due to the added distractions of the tests, a clear answer can obviously not be obtained.

Experiment Series #4:

Description:  The last series of experiments outlined in this proposal will attempt to recreate the out-of-body experience experiment.  

This experiment is almost the reverse of experiment series #1~3.  This experiment will attempt to move a subject's center of perception outside of their body to a camera which is viewing them from behind.  The subject will wear a video headset, so that all they see is the view from the camera.  The subject will then be touched on the chest by an experimenter who is using their other hand to make the same motion with a marker toward the camera camera.

Equipment:


Video headset


Digital camera


Chair

Success:  The success of this experiment is solely based on the subject experiencing BOTP in the form of an out-of-body experience.
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