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“[…] standardised measurement tools for 
human robot interaction (HRI) […] to 
compare the results from different 
studies […] measurements of five key 
concepts in HRI.”

Measuring Human-Robot Interaction 

Bartneck et al., “Measurement Instruments for the Anthropomorphism, Animacy, Likeability, Perceived  
Intelligence, and Perceived Safety of Robots”, International Journal of Social Robotics, 1(1):71-81, 2009



“The classic perception of life, which is 
often referred to as animacy, is based 
on […] moving of one’s own accord.”

Animacy

Bartneck et al., “Measurement Instruments for the Anthropomorphism, Animacy, Likeability, Perceived  
Intelligence, and Perceived Safety of Robots”, International Journal of Social Robotics, 1(1):71-81, 2009



“Anthropomorphism refers to the 
attribution of a human form, human 
characteristics, or human behaviour to 
nonhuman things such as robots, 
computers, and animals.”

Anthropomorphism

Bartneck et al., “Measurement Instruments for the Anthropomorphism, Animacy, Likeability, Perceived  
Intelligence, and Perceived Safety of Robots”, International Journal of Social Robotics, 1(1):71-81, 2009



“[…] positive impressions [are] to some 
degree dependent on the visual and 
vocal behavior […] and that positive first 
impressions (e.g., likability) […] often 
lead to more positive evaluations […]”

Likability

Bartneck et al., “Measurement Instruments for the Anthropomorphism, Animacy, Likeability, Perceived  
Intelligence, and Perceived Safety of Robots”, International Journal of Social Robotics, 1(1):71-81, 2009



“[…] perceived intelligence of a robot will 
depend on its competence. To monitor 
the progress being made in robotic 
intelligence it is important to have a 
good measurement tool.”

Perceived Intelligence

Bartneck et al., “Measurement Instruments for the Anthropomorphism, Animacy, Likeability, Perceived  
Intelligence, and Perceived Safety of Robots”, International Journal of Social Robotics, 1(1):71-81, 2009



“Perceived safety describes the user’s 
perception of the level of danger when 
interacting with a robot, and the user’s 
level of comfort during the interaction.”

Perceived Safety

Bartneck et al., “Measurement Instruments for the Anthropomorphism, Animacy, Likeability, Perceived  
Intelligence, and Perceived Safety of Robots”, International Journal of Social Robotics, 1(1):71-81, 2009
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“[Gestures] often are used to 
communicate when distance or noise 
renders vocal communication 
impossible [...] expressing concepts that 
also are expressed verbally.”

Gestures

Krauss et al., “Lexical Gestures and Lexical Access: a process model”,  
in “Language and Gesture”, McNeill (ed.), Cambridge University Press, 2000



Synthetic Gestures

Deshmukh, Craenen, Vinciarelli and Foster, “Shaping Robot Gestures to Shape Users’ Perception: The Effect of Amplitude and 
Speed on Godspeed Ratings”, Proc. of the International Conference on Human-Agent Interaction, 2018
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Annotation

Deshmukh, Craenen, Vinciarelli and Foster, “Shaping Robot Gestures to Shape Users’ Perception: The Effect of Amplitude and 
Speed on Godspeed Ratings”, Proc. of the International Conference on Human-Agent Interaction, 2018.

• 30 observers have filled Godspeed questionnaire and 
Big-Five Inventory 10 (self and attributed) while rating 
different interpretations for all 45 stimuli.



Reliability

Deshmukh, Craenen, Vinciarelli and Foster, “Shaping Robot Gestures to Shape Users’ Perception: The Effect of  
Amplitude and Speed on Godspeed Ratings”, Proc. of the International Conference on Human-Agent Interaction, 2018.
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An element is the score  
of observer “i” for GS 

dimension “k”

Total number of points along 
GS dimension “j” for 

one stimulus

A matrix for a specific stimulus 
(speed and amplitude)

Sum over the elements of 
column “j” of the matrix



Tj =
X

↵

X

�

c(↵,�)j

<latexit sha1_base64="isTgJxM85bUcNbJsT9nfEymVpHk=">AAACIHicbVDLSgMxFM3UV62vqks3wSJUkDIjgnUhFNy4bKG1hXYc7mTSNm3mQZIRyjC/4sZfceNCRXf6NabtLLT1QODknHtvco8bcSaVaX4ZuZXVtfWN/GZha3tnd6+4f3Anw1gQ2iIhD0XHBUk5C2hLMcVpJxIUfJfTtju+mfrtByokC4OmmkTU9mEQsD4joLTkFKtNZ4SvcU/GvpP0gEdDSLML11M8SDFxRvdJee6dZepp6hRLZsWcAS8TKyMllKHuFD97XkhinwaKcJCya5mRshMQihFO00IvljQCMoYB7WoagE+lncw2TPGJVjzcD4U+gcIz9XdHAr6UE9/VlT6ooVz0puJ/XjdW/aqdsCCKFQ3I/KF+zLEK8TQu7DFBieITTYAIpv+KyRAEEKVDLegQrMWVl0nrvHJVsRoXpVojSyOPjtAxKiMLXaIaukV11EIEPaJn9IrejCfjxXg3PualOSPrOUR/YHz/ACTio8U=</latexit><latexit sha1_base64="isTgJxM85bUcNbJsT9nfEymVpHk=">AAACIHicbVDLSgMxFM3UV62vqks3wSJUkDIjgnUhFNy4bKG1hXYc7mTSNm3mQZIRyjC/4sZfceNCRXf6NabtLLT1QODknHtvco8bcSaVaX4ZuZXVtfWN/GZha3tnd6+4f3Anw1gQ2iIhD0XHBUk5C2hLMcVpJxIUfJfTtju+mfrtByokC4OmmkTU9mEQsD4joLTkFKtNZ4SvcU/GvpP0gEdDSLML11M8SDFxRvdJee6dZepp6hRLZsWcAS8TKyMllKHuFD97XkhinwaKcJCya5mRshMQihFO00IvljQCMoYB7WoagE+lncw2TPGJVjzcD4U+gcIz9XdHAr6UE9/VlT6ooVz0puJ/XjdW/aqdsCCKFQ3I/KF+zLEK8TQu7DFBieITTYAIpv+KyRAEEKVDLegQrMWVl0nrvHJVsRoXpVojSyOPjtAxKiMLXaIaukV11EIEPaJn9IrejCfjxXg3PualOSPrOUR/YHz/ACTio8U=</latexit><latexit sha1_base64="isTgJxM85bUcNbJsT9nfEymVpHk=">AAACIHicbVDLSgMxFM3UV62vqks3wSJUkDIjgnUhFNy4bKG1hXYc7mTSNm3mQZIRyjC/4sZfceNCRXf6NabtLLT1QODknHtvco8bcSaVaX4ZuZXVtfWN/GZha3tnd6+4f3Anw1gQ2iIhD0XHBUk5C2hLMcVpJxIUfJfTtju+mfrtByokC4OmmkTU9mEQsD4joLTkFKtNZ4SvcU/GvpP0gEdDSLML11M8SDFxRvdJee6dZepp6hRLZsWcAS8TKyMllKHuFD97XkhinwaKcJCya5mRshMQihFO00IvljQCMoYB7WoagE+lncw2TPGJVjzcD4U+gcIz9XdHAr6UE9/VlT6ooVz0puJ/XjdW/aqdsCCKFQ3I/KF+zLEK8TQu7DFBieITTYAIpv+KyRAEEKVDLegQrMWVl0nrvHJVsRoXpVojSyOPjtAxKiMLXaIaukV11EIEPaJn9IrejCfjxXg3PualOSPrOUR/YHz/ACTio8U=</latexit><latexit sha1_base64="isTgJxM85bUcNbJsT9nfEymVpHk=">AAACIHicbVDLSgMxFM3UV62vqks3wSJUkDIjgnUhFNy4bKG1hXYc7mTSNm3mQZIRyjC/4sZfceNCRXf6NabtLLT1QODknHtvco8bcSaVaX4ZuZXVtfWN/GZha3tnd6+4f3Anw1gQ2iIhD0XHBUk5C2hLMcVpJxIUfJfTtju+mfrtByokC4OmmkTU9mEQsD4joLTkFKtNZ4SvcU/GvpP0gEdDSLML11M8SDFxRvdJee6dZepp6hRLZsWcAS8TKyMllKHuFD97XkhinwaKcJCya5mRshMQihFO00IvljQCMoYB7WoagE+lncw2TPGJVjzcD4U+gcIz9XdHAr6UE9/VlT6ooVz0puJ/XjdW/aqdsCCKFQ3I/KF+zLEK8TQu7DFBieITTYAIpv+KyRAEEKVDLegQrMWVl0nrvHJVsRoXpVojSyOPjtAxKiMLXaIaukV11EIEPaJn9IrejCfjxXg3PualOSPrOUR/YHz/ACTio8U=</latexit>

Total number of points 
along GS dimension “j”

Sum over all values of 
amplitude and speed



�2 =
X

↵

X

�

(c(↵,�)j � E)2

E
<latexit sha1_base64="L/baEOBH8mQEc7YWzERLAS4zO/c="></latexit><latexit sha1_base64="L/baEOBH8mQEc7YWzERLAS4zO/c="></latexit><latexit sha1_base64="L/baEOBH8mQEc7YWzERLAS4zO/c="></latexit><latexit sha1_base64="L/baEOBH8mQEc7YWzERLAS4zO/c="></latexit>

E =
1

9
Tj

<latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="qS05i4eJ7tiAsBEHPdWNDlvEBoM=">AAAB7XicbZBPS8MwGMbf+nfOqdWrl+AQPI3Wi+4gCCJ4nLC6wVZKmqVbXJqUJB2M0m/ixYOKX8eb38bsz0E3Hwg8PE/C++YXZ5xp43nfzsbm1vbObmWvul87ODxyj2tPWuaK0IBILlU3xppyJmhgmOG0mymK05jTTjy+m/WdCVWaSdE204yGKR4KljCCjY0i172/6ScKk8Ivi2bZjp4jt+41vLnQuvGXpg5LtSL3qz+QJE+pMIRjrXu+l5mwwMowwmlZ7eeaZpiM8ZD2rBU4pTos5puX6NwmA5RIZY8waJ7+flHgVOtpGtubKTYjvdrNwv+6Xm6S67BgIssNFWQxKMk5MhLNMKABU5QYPrUGE8XsroiMsAVhLKyqheCvfnndBJeNZsN/9KACp3AGF+DDFdzCA7QgAAITeIE3eHcK59X5WNDacJbYTuCPnM8fE32RrQ==</latexit><latexit sha1_base64="qS05i4eJ7tiAsBEHPdWNDlvEBoM=">AAAB7XicbZBPS8MwGMbf+nfOqdWrl+AQPI3Wi+4gCCJ4nLC6wVZKmqVbXJqUJB2M0m/ixYOKX8eb38bsz0E3Hwg8PE/C++YXZ5xp43nfzsbm1vbObmWvul87ODxyj2tPWuaK0IBILlU3xppyJmhgmOG0mymK05jTTjy+m/WdCVWaSdE204yGKR4KljCCjY0i172/6ScKk8Ivi2bZjp4jt+41vLnQuvGXpg5LtSL3qz+QJE+pMIRjrXu+l5mwwMowwmlZ7eeaZpiM8ZD2rBU4pTos5puX6NwmA5RIZY8waJ7+flHgVOtpGtubKTYjvdrNwv+6Xm6S67BgIssNFWQxKMk5MhLNMKABU5QYPrUGE8XsroiMsAVhLKyqheCvfnndBJeNZsN/9KACp3AGF+DDFdzCA7QgAAITeIE3eHcK59X5WNDacJbYTuCPnM8fE32RrQ==</latexit><latexit sha1_base64="4n1rXTzLk+Hgv8C46axbpz64SA8=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0m8aA9CQQSPLTS20Iaw2W7atZtN2N0USug/8eJBxas/xZv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZKG5tb2zvl3cre/sHhkX188qiSTBLqkYQnshtiRTkT1NNMc9pNJcVxyGknHN/N/c6ESsUS0dbTlPoxHgoWMYK1kQLbvr/tRxKT3J3l9Vk7eArsqlNzFkDrxC1IFQo0A/urP0hIFlOhCcdK9Vwn1X6OpWaE01mlnymaYjLGQ9ozVOCYKj9fXD5DF0YZoCiRpoRGC/X3RI5jpaZxaDpjrEdq1ZuL/3m9TEc3fs5EmmkqyHJRlHGkEzSPAQ2YpETzqSGYSGZuRWSETRDahFUxIbirL68T76pWr7ktp9poFWmU4QzO4RJcuIYGPEATPCAwgWd4hTcrt16sd+tj2VqyiplT+APr8wdrLJMb</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit>

Chi Square variable for testing 
whether the distribution of the 
points across the 9 variants of 

the same core gesture is 
uniform

Average over all variants of the 
same core gesture



Anthrop. Animacy Likability Perceived 
Intelligence

Perceived 
Safety

Engaging

Disengaging

Pointing

Head 
Touching

Cheering

↵
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Deshmukh, Craenen, Vinciarelli and Foster, “Shaping Robot Gestures to Shape Users’ Perception: The Effect of Amplitude  
and Speed on Godspeed Ratings”, Proc. of the International Conference on Human-Agent Interaction, 2018



• There is a relationship between “shape” of a gesture 
(amplitude and speed) and perception of users 
(Godspeed scores);

Key-Findings

• The core gesture “Pointing” does not show any 
interaction between shape and perception. 

• Animacy and Likability are the dimensions along 
which there is more interaction;

• All observed effects appear to be reasonable, that is, 
to replicate the type of effects we observe in human-
human interactions.



• Measuring Human-Robot Interaction

Outline

• Robot Gestures and Godspeed
• Robot Gestures and Personality
• Robot Gestures and Attraction Paradigm
• Robot Gestures and Understandability
• Conclusions



“The Big Five Personality Factors appear 
to provide a set of highly replicable 
dimensions that parsimoniously and 
comprehensively describe most 
phenotypic individual differences.”

Personality

Saucier, Goldberg, “The Language of Personality: Lexical Perspectives on the Five-Factor Model”,  
in “The Five-Factor Model of Personality”, Wiggins (ed.), 21-50,1996



• Extraversion: tendency to be active, assertive, 
energetic, outgoing, etc.;

The Big-Five

• Conscientiousness: tendency to be efficient, 
organised, planful, reliable, responsible, thorough, etc.;

• Agreeableness: tendency to be appreciative, 
forgiving, generous, kind, sympathetic, trusting, etc.;

• Neuroticism: tendency to be anxious, self-pitying, 
tense, touchy, unstable, worrying, etc.; 

• Openness: tendency to be artistic, curious, 
imaginative, insightful, etc.



Rammstedt and John, “Measuring Personality in One Minute or Less: A 10-item short version of  
the BFI”, Journal of Research in Personality, 41(1):203-212, 2007

This robot is reserved E -
This robot is generally trusting A +
This robot tends to be lazy C -
This robot is relaxed, handles stress well N -
This robot has few artistic interests O -
This robot is outgoing, sociable E +
This robot tends to find faults with others N +
This robot does a thorough job C +
This robot gets nervous easily A -
This robot has an active imagination O +



B.Craenen, A.Deshmukh, M.E.Foster & A.Vinciarelli, “Shaping Gestures to Shape Personalities: Interplay Between Gesture 
Parameters, Attributed Personality Traits and Godspeed Scores”, Proceedings of the IEEE International Symposium on Robot 

and Human Interactive Communication, 2018.
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Sum over the elements of 
column “j” of the matrix

An element is the score of 
observer “i” for B5 trait “k”

A matrix for a specific 
stimulus (speed and 

amplitude)

Total number of points along 
B5 trait “j” for one stimulus
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<latexit sha1_base64="dOLVI1WXMh/akC4sCLc69d5A0A8=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARKkiZkYK6EApu3FmhtYW2DmcymTZt5kKSEcrQF3Hjq7hxoeLGheDbmLaz0NYDgY//PyfJ+d2YM6ks69vILS2vrK7l1wsbm1vbO+bu3p2MEkFog0Q8Ei0XJOUspA3FFKetWFAIXE6b7vBq4jcfqJAsCutqFNNuAL2Q+YyA0pJjVurOAF/ijkwCpwM87sMMub7CA6ycwX1amhknmXg8dsyiVbamhRfBzqCIsqo55mfHi0gS0FARDlK2bStW3RSEYoTTcaGTSBoDGUKPtjWGEFDZTafbjfGRVjzsR0KfUOGp+nsihUDKUeDqzgBUX857E/E/r50o/7ybsjBOFA3J7CE/4VhFeBIV9pigRPGRBiCC6b9i0gcBROlACzoEe37lRWicli/K9m2lWL3J0sijA3SISshGZ6iKrlENNRBBj+gZvaI348l4Md6Nj1lrzshm9tGfMr5+AF2oobw=</latexit><latexit sha1_base64="dOLVI1WXMh/akC4sCLc69d5A0A8=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARKkiZkYK6EApu3FmhtYW2DmcymTZt5kKSEcrQF3Hjq7hxoeLGheDbmLaz0NYDgY//PyfJ+d2YM6ks69vILS2vrK7l1wsbm1vbO+bu3p2MEkFog0Q8Ei0XJOUspA3FFKetWFAIXE6b7vBq4jcfqJAsCutqFNNuAL2Q+YyA0pJjVurOAF/ijkwCpwM87sMMub7CA6ycwX1amhknmXg8dsyiVbamhRfBzqCIsqo55mfHi0gS0FARDlK2bStW3RSEYoTTcaGTSBoDGUKPtjWGEFDZTafbjfGRVjzsR0KfUOGp+nsihUDKUeDqzgBUX857E/E/r50o/7ybsjBOFA3J7CE/4VhFeBIV9pigRPGRBiCC6b9i0gcBROlACzoEe37lRWicli/K9m2lWL3J0sijA3SISshGZ6iKrlENNRBBj+gZvaI348l4Md6Nj1lrzshm9tGfMr5+AF2oobw=</latexit><latexit sha1_base64="dOLVI1WXMh/akC4sCLc69d5A0A8=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARKkiZkYK6EApu3FmhtYW2DmcymTZt5kKSEcrQF3Hjq7hxoeLGheDbmLaz0NYDgY//PyfJ+d2YM6ks69vILS2vrK7l1wsbm1vbO+bu3p2MEkFog0Q8Ei0XJOUspA3FFKetWFAIXE6b7vBq4jcfqJAsCutqFNNuAL2Q+YyA0pJjVurOAF/ijkwCpwM87sMMub7CA6ycwX1amhknmXg8dsyiVbamhRfBzqCIsqo55mfHi0gS0FARDlK2bStW3RSEYoTTcaGTSBoDGUKPtjWGEFDZTafbjfGRVjzsR0KfUOGp+nsihUDKUeDqzgBUX857E/E/r50o/7ybsjBOFA3J7CE/4VhFeBIV9pigRPGRBiCC6b9i0gcBROlACzoEe37lRWicli/K9m2lWL3J0sijA3SISshGZ6iKrlENNRBBj+gZvaI348l4Md6Nj1lrzshm9tGfMr5+AF2oobw=</latexit><latexit sha1_base64="dOLVI1WXMh/akC4sCLc69d5A0A8=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARKkiZkYK6EApu3FmhtYW2DmcymTZt5kKSEcrQF3Hjq7hxoeLGheDbmLaz0NYDgY//PyfJ+d2YM6ks69vILS2vrK7l1wsbm1vbO+bu3p2MEkFog0Q8Ei0XJOUspA3FFKetWFAIXE6b7vBq4jcfqJAsCutqFNNuAL2Q+YyA0pJjVurOAF/ijkwCpwM87sMMub7CA6ycwX1amhknmXg8dsyiVbamhRfBzqCIsqo55mfHi0gS0FARDlK2bStW3RSEYoTTcaGTSBoDGUKPtjWGEFDZTafbjfGRVjzsR0KfUOGp+nsihUDKUeDqzgBUX857E/E/r50o/7ybsjBOFA3J7CE/4VhFeBIV9pigRPGRBiCC6b9i0gcBROlACzoEe37lRWicli/K9m2lWL3J0sijA3SISshGZ6iKrlENNRBBj+gZvaI348l4Md6Nj1lrzshm9tGfMr5+AF2oobw=</latexit>

Sum over all values of 
amplitude and speed

Total number of points 
along B5 trait “j”



E =
1

9
Tj

<latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="qS05i4eJ7tiAsBEHPdWNDlvEBoM=">AAAB7XicbZBPS8MwGMbf+nfOqdWrl+AQPI3Wi+4gCCJ4nLC6wVZKmqVbXJqUJB2M0m/ixYOKX8eb38bsz0E3Hwg8PE/C++YXZ5xp43nfzsbm1vbObmWvul87ODxyj2tPWuaK0IBILlU3xppyJmhgmOG0mymK05jTTjy+m/WdCVWaSdE204yGKR4KljCCjY0i172/6ScKk8Ivi2bZjp4jt+41vLnQuvGXpg5LtSL3qz+QJE+pMIRjrXu+l5mwwMowwmlZ7eeaZpiM8ZD2rBU4pTos5puX6NwmA5RIZY8waJ7+flHgVOtpGtubKTYjvdrNwv+6Xm6S67BgIssNFWQxKMk5MhLNMKABU5QYPrUGE8XsroiMsAVhLKyqheCvfnndBJeNZsN/9KACp3AGF+DDFdzCA7QgAAITeIE3eHcK59X5WNDacJbYTuCPnM8fE32RrQ==</latexit><latexit sha1_base64="qS05i4eJ7tiAsBEHPdWNDlvEBoM=">AAAB7XicbZBPS8MwGMbf+nfOqdWrl+AQPI3Wi+4gCCJ4nLC6wVZKmqVbXJqUJB2M0m/ixYOKX8eb38bsz0E3Hwg8PE/C++YXZ5xp43nfzsbm1vbObmWvul87ODxyj2tPWuaK0IBILlU3xppyJmhgmOG0mymK05jTTjy+m/WdCVWaSdE204yGKR4KljCCjY0i172/6ScKk8Ivi2bZjp4jt+41vLnQuvGXpg5LtSL3qz+QJE+pMIRjrXu+l5mwwMowwmlZ7eeaZpiM8ZD2rBU4pTos5puX6NwmA5RIZY8waJ7+flHgVOtpGtubKTYjvdrNwv+6Xm6S67BgIssNFWQxKMk5MhLNMKABU5QYPrUGE8XsroiMsAVhLKyqheCvfnndBJeNZsN/9KACp3AGF+DDFdzCA7QgAAITeIE3eHcK59X5WNDacJbYTuCPnM8fE32RrQ==</latexit><latexit sha1_base64="4n1rXTzLk+Hgv8C46axbpz64SA8=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0m8aA9CQQSPLTS20Iaw2W7atZtN2N0USug/8eJBxas/xZv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZKG5tb2zvl3cre/sHhkX188qiSTBLqkYQnshtiRTkT1NNMc9pNJcVxyGknHN/N/c6ESsUS0dbTlPoxHgoWMYK1kQLbvr/tRxKT3J3l9Vk7eArsqlNzFkDrxC1IFQo0A/urP0hIFlOhCcdK9Vwn1X6OpWaE01mlnymaYjLGQ9ozVOCYKj9fXD5DF0YZoCiRpoRGC/X3RI5jpaZxaDpjrEdq1ZuL/3m9TEc3fs5EmmkqyHJRlHGkEzSPAQ2YpETzqSGYSGZuRWSETRDahFUxIbirL68T76pWr7ktp9poFWmU4QzO4RJcuIYGPEATPCAwgWd4hTcrt16sd+tj2VqyiplT+APr8wdrLJMb</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit><latexit sha1_base64="Obs+fCtVL79W8HSU1b9vuMeJTNg=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokI2oNQEMFjC40ttCFstpt27WYTdjeFEvpPvHhQ8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq219Y3Nre3STnl3b//g0D46flRJJgn1SMIT2QmxopwJ6mmmOe2kkuI45LQdju5mfntMpWKJaOlJSv0YDwSLGMHaSIFt39/2IolJ7k7z2rQVPAV2xak6c6BV4hakAgUagf3V6ycki6nQhGOluq6Taj/HUjPC6bTcyxRNMRnhAe0aKnBMlZ/PL5+ic6P0UZRIU0Kjufp7IsexUpM4NJ0x1kO17M3E/7xupqMbP2cizTQVZLEoyjjSCZrFgPpMUqL5xBBMJDO3IjLEJghtwiqbENzll1eJd1mtVd3mVaXeLNIowSmcwQW4cA11eIAGeEBgDM/wCm9Wbr1Y79bHonXNKmZO4A+szx9sbJMf</latexit>
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<latexit sha1_base64="Ob3AJ9TpgIoU6eI5fpZ1EsMkvTQ="></latexit><latexit sha1_base64="Ob3AJ9TpgIoU6eI5fpZ1EsMkvTQ="></latexit><latexit sha1_base64="Ob3AJ9TpgIoU6eI5fpZ1EsMkvTQ="></latexit><latexit sha1_base64="Ob3AJ9TpgIoU6eI5fpZ1EsMkvTQ="></latexit>

Average over all variants of the 
same core gesture

Chi Square variable for testing 
whether the distribution of the 
points across the 9 variants of 

the same core gesture is 
uniform



Openness Conscient. Extraversion Agreeabl. Neuroticism

Engaging

Disengaging

Pointing

Head 
Touching

Cheering

↵
<latexit sha1_base64="uFlamonahe2T4muXve4gto8OdVw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKpi20oUy2m3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTlPk0EYnqhKiZ4JL5hhvBOqliGIeCtcPx7cxvPzGleSIfzCRlQYxDySNO0Vip1UORjrBfqbo1dw6ySryCVKFAs1/56g0SmsVMGipQ667npibIURlOBZuWe5lmKdIxDlnXUokx00E+v3ZKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xuZqJ6kHOZZoZJulgUZYKYhMxeJwOuGDViYglSxe2thI5QITU2oLINwVt+eZX4l7Wbmnd/VW3UizRKcApncAEeXEMD7qAJPlB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/0547i</latexit><latexit sha1_base64="uFlamonahe2T4muXve4gto8OdVw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKpi20oUy2m3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTlPk0EYnqhKiZ4JL5hhvBOqliGIeCtcPx7cxvPzGleSIfzCRlQYxDySNO0Vip1UORjrBfqbo1dw6ySryCVKFAs1/56g0SmsVMGipQ667npibIURlOBZuWe5lmKdIxDlnXUokx00E+v3ZKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xuZqJ6kHOZZoZJulgUZYKYhMxeJwOuGDViYglSxe2thI5QITU2oLINwVt+eZX4l7Wbmnd/VW3UizRKcApncAEeXEMD7qAJPlB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/0547i</latexit><latexit sha1_base64="uFlamonahe2T4muXve4gto8OdVw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKpi20oUy2m3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTlPk0EYnqhKiZ4JL5hhvBOqliGIeCtcPx7cxvPzGleSIfzCRlQYxDySNO0Vip1UORjrBfqbo1dw6ySryCVKFAs1/56g0SmsVMGipQ667npibIURlOBZuWe5lmKdIxDlnXUokx00E+v3ZKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xuZqJ6kHOZZoZJulgUZYKYhMxeJwOuGDViYglSxe2thI5QITU2oLINwVt+eZX4l7Wbmnd/VW3UizRKcApncAEeXEMD7qAJPlB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/0547i</latexit><latexit sha1_base64="uFlamonahe2T4muXve4gto8OdVw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKpi20oUy2m3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTlPk0EYnqhKiZ4JL5hhvBOqliGIeCtcPx7cxvPzGleSIfzCRlQYxDySNO0Vip1UORjrBfqbo1dw6ySryCVKFAs1/56g0SmsVMGipQ667npibIURlOBZuWe5lmKdIxDlnXUokx00E+v3ZKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xuZqJ6kHOZZoZJulgUZYKYhMxeJwOuGDViYglSxe2thI5QITU2oLINwVt+eZX4l7Wbmnd/VW3UizRKcApncAEeXEMD7qAJPlB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/0547i</latexit> �
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The Spearman 
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Difference between rank of 
trait and rank of GS score 

for the same stimulus

• The Spearman Correlation Coefficient is more robust 
to outliers than the most common Pearson 
Correlation.
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• There is a relationship between “shape” of a gesture 
(amplitude and speed) and the Big Five traits 
attributed by the users;

Key-Findings

• There is a significant interplay between Godspeed 
Scores and Big-Five Traits;

• It is possible to change the perception of the users by 
changing the personality impressions that the robots 
convey.

• All observed effects appear to be reasonable, that is, 
to replicate the type of effects we observe in human-
human interactions.



• Measuring Human-Robot Interaction

Outline

• Robot Gestures and Godspeed
• Robot Gestures and Personality
• Robot Gestures and Attraction Paradigm
• Robot Gestures and Understandability
• Conclusions



“[…] evaluations of strangers appear to 
be affected by degree of similarity, and 
statistical analysis confirms this 
impression.”

Attraction Paradigm (I)

Byrne, “An Overview (and Underview) of Research and Theory Within the Attraction Paradigm”,  
Journal of Social and Personal Relationships, 14(3):417-431, 1997.



“[…] perceived similarity predicted 
attraction in no-interaction, short-
interaction, and existing relationship 
studies.”

Attraction Paradigm (II)

Montoya, Horton & Kirchner, “Is Actual Similarity Necessary for Attraction? A Meta-Analysis of Actual  
and Perceived Similarity”, Journal of Social and Personal Relationships, 25(6):899-922, 2008.
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The expression corresponds 
to one of the observers

“T” is the total  
number of traits

Trait “j” attributed to  
stimulus “k”

Distance between self-
assessed and attributed 

traits for stimulus “k”
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• The attraction paradigm appears to apply, to a large 
extent, to Human-Robot Interaction;

Key-Findings

• Out of 30 observers, 16 show similarity-attraction, 9 
show complementarity-attraction, and 2 show mixed 
effects;

• The attraction paradigm can be exploited only if it is 
possible to understand which of the effects is taking 
place.



• Measuring Human-Robot Interaction

Outline

• Robot Gestures and Godspeed
• Robot Gestures and Personality
• Robot Gestures and Attraction Paradigm
• Robot Gestures and Understandability
• Conclusions



“[emblems are] steadily linked to a 
meaning, so that the two make a signal-
meaning pair [...] like it happens, for 
instance, with the lexical items of a 
verbal lexicon.”

Emblems

Poggi, “Mind, hands, face and body. A goal and belief view of multimodal communication”, Weidler 2007



Annotation

• The observers have rated 10 interpretations of every 
gesture: Getting Distracted, Aggressing, Flirting, 
Pointing, Complaining, Cheering, Reflecting, Teasing, 
Rejecting, and Welcoming.



M (↵,�) = {m(↵,�)
ik }

<latexit sha1_base64="5UppWgIqdp5EGla5cUbNnxoUQ/U=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgVpCRSUBdCwY0bsYKxhSaWm+m0HTp5MDMRSsiPuPFX3LhQceNC8G+ctllo2wMDh3Pu4c49fsyZVJb1YywsLi2vrBbWiusbm1vb5s7uvYwSQahDIh6Jpg+SchZSRzHFaTMWFAKf04Y/uBz5jUcqJIvCOzWMqRdAL2RdRkBpqW1Wrx/Ssgs87sOxy3WuA0cZvsBuGrRTNsjmuG7WNktWxRoDzxI7JyWUo942v9xORJKAhopwkLJlW7HyUhCKEU6zoptIGgMZQI+2NA0hoNJLx9dl+FArHdyNhH6hwmP1byKFQMph4OvJAFRfTnsjcZ7XSlT3zEtZGCeKhmSyqJtwrCI8qgp3mKBE8aEmQATTf8WkDwKI0oUWdQn29MmzxDmpnFfs22qpdpO3UUD76ACVkY1OUQ1doTpyEEFP6AW9oXfj2Xg1PozPyeiCkWf20D8Y378Jf6GK</latexit><latexit sha1_base64="5UppWgIqdp5EGla5cUbNnxoUQ/U=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgVpCRSUBdCwY0bsYKxhSaWm+m0HTp5MDMRSsiPuPFX3LhQceNC8G+ctllo2wMDh3Pu4c49fsyZVJb1YywsLi2vrBbWiusbm1vb5s7uvYwSQahDIh6Jpg+SchZSRzHFaTMWFAKf04Y/uBz5jUcqJIvCOzWMqRdAL2RdRkBpqW1Wrx/Ssgs87sOxy3WuA0cZvsBuGrRTNsjmuG7WNktWxRoDzxI7JyWUo942v9xORJKAhopwkLJlW7HyUhCKEU6zoptIGgMZQI+2NA0hoNJLx9dl+FArHdyNhH6hwmP1byKFQMph4OvJAFRfTnsjcZ7XSlT3zEtZGCeKhmSyqJtwrCI8qgp3mKBE8aEmQATTf8WkDwKI0oUWdQn29MmzxDmpnFfs22qpdpO3UUD76ACVkY1OUQ1doTpyEEFP6AW9oXfj2Xg1PozPyeiCkWf20D8Y378Jf6GK</latexit><latexit sha1_base64="5UppWgIqdp5EGla5cUbNnxoUQ/U=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgVpCRSUBdCwY0bsYKxhSaWm+m0HTp5MDMRSsiPuPFX3LhQceNC8G+ctllo2wMDh3Pu4c49fsyZVJb1YywsLi2vrBbWiusbm1vb5s7uvYwSQahDIh6Jpg+SchZSRzHFaTMWFAKf04Y/uBz5jUcqJIvCOzWMqRdAL2RdRkBpqW1Wrx/Ssgs87sOxy3WuA0cZvsBuGrRTNsjmuG7WNktWxRoDzxI7JyWUo942v9xORJKAhopwkLJlW7HyUhCKEU6zoptIGgMZQI+2NA0hoNJLx9dl+FArHdyNhH6hwmP1byKFQMph4OvJAFRfTnsjcZ7XSlT3zEtZGCeKhmSyqJtwrCI8qgp3mKBE8aEmQATTf8WkDwKI0oUWdQn29MmzxDmpnFfs22qpdpO3UUD76ACVkY1OUQ1doTpyEEFP6AW9oXfj2Xg1PozPyeiCkWf20D8Y378Jf6GK</latexit><latexit sha1_base64="5UppWgIqdp5EGla5cUbNnxoUQ/U=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgVpCRSUBdCwY0bsYKxhSaWm+m0HTp5MDMRSsiPuPFX3LhQceNC8G+ctllo2wMDh3Pu4c49fsyZVJb1YywsLi2vrBbWiusbm1vb5s7uvYwSQahDIh6Jpg+SchZSRzHFaTMWFAKf04Y/uBz5jUcqJIvCOzWMqRdAL2RdRkBpqW1Wrx/Ssgs87sOxy3WuA0cZvsBuGrRTNsjmuG7WNktWxRoDzxI7JyWUo942v9xORJKAhopwkLJlW7HyUhCKEU6zoptIGgMZQI+2NA0hoNJLx9dl+FArHdyNhH6hwmP1byKFQMph4OvJAFRfTnsjcZ7XSlT3zEtZGCeKhmSyqJtwrCI8qgp3mKBE8aEmQATTf8WkDwKI0oUWdQn29MmzxDmpnFfs22qpdpO3UUD76ACVkY1OUQ1doTpyEEFP6AW9oXfj2Xg1PozPyeiCkWf20D8Y378Jf6GK</latexit>

u(↵,�)
j =

NX

i=1

m(↵,�)
ij

<latexit sha1_base64="eGSNwEfkrREUjHhHsrD6yZ71dqM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoC6KBTeutIK1hU473EnTNm3mQZIRyjCf48ZfcSOiokv/xPSx0LYHAodzzuXmHi/iTCrL+jYWFpeWV1Yza9n1jc2tbXNn90GGsSC0QkIeipoHknIW0IpiitNaJCj4HqdVr3819KuPVEgWBvdqENGGD52AtRkBpSXXvIzdXjPJO8CjLhw7XE+24CjFRezI2HcTVrTT5g0esl46J+iaOatgjYBniT0hOTRB2TXfnFZIYp8GinCQsm5bkWokIBQjnKZZJ5Y0AtKHDq1rGoBPZSMZHZriQ620cDsU+gUKj9S/Ewn4Ug58Tyd9UF057Q3FeV49Vu3zRsKCKFY0IONF7ZhjFeJha7jFBCWKDzQBIpj+KyZdEECU7jarS7CnT54llZPCRcG+O82VbidtZNA+OkB5ZKMzVELXqIwqiKAn9ILe0YfxbLwan8bXOLpgTGb20D8YP796jqXj</latexit><latexit sha1_base64="eGSNwEfkrREUjHhHsrD6yZ71dqM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoC6KBTeutIK1hU473EnTNm3mQZIRyjCf48ZfcSOiokv/xPSx0LYHAodzzuXmHi/iTCrL+jYWFpeWV1Yza9n1jc2tbXNn90GGsSC0QkIeipoHknIW0IpiitNaJCj4HqdVr3819KuPVEgWBvdqENGGD52AtRkBpSXXvIzdXjPJO8CjLhw7XE+24CjFRezI2HcTVrTT5g0esl46J+iaOatgjYBniT0hOTRB2TXfnFZIYp8GinCQsm5bkWokIBQjnKZZJ5Y0AtKHDq1rGoBPZSMZHZriQ620cDsU+gUKj9S/Ewn4Ug58Tyd9UF057Q3FeV49Vu3zRsKCKFY0IONF7ZhjFeJha7jFBCWKDzQBIpj+KyZdEECU7jarS7CnT54llZPCRcG+O82VbidtZNA+OkB5ZKMzVELXqIwqiKAn9ILe0YfxbLwan8bXOLpgTGb20D8YP796jqXj</latexit><latexit sha1_base64="eGSNwEfkrREUjHhHsrD6yZ71dqM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoC6KBTeutIK1hU473EnTNm3mQZIRyjCf48ZfcSOiokv/xPSx0LYHAodzzuXmHi/iTCrL+jYWFpeWV1Yza9n1jc2tbXNn90GGsSC0QkIeipoHknIW0IpiitNaJCj4HqdVr3819KuPVEgWBvdqENGGD52AtRkBpSXXvIzdXjPJO8CjLhw7XE+24CjFRezI2HcTVrTT5g0esl46J+iaOatgjYBniT0hOTRB2TXfnFZIYp8GinCQsm5bkWokIBQjnKZZJ5Y0AtKHDq1rGoBPZSMZHZriQ620cDsU+gUKj9S/Ewn4Ug58Tyd9UF057Q3FeV49Vu3zRsKCKFY0IONF7ZhjFeJha7jFBCWKDzQBIpj+KyZdEECU7jarS7CnT54llZPCRcG+O82VbidtZNA+OkB5ZKMzVELXqIwqiKAn9ILe0YfxbLwan8bXOLpgTGb20D8YP796jqXj</latexit><latexit sha1_base64="eGSNwEfkrREUjHhHsrD6yZ71dqM=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoC6KBTeutIK1hU473EnTNm3mQZIRyjCf48ZfcSOiokv/xPSx0LYHAodzzuXmHi/iTCrL+jYWFpeWV1Yza9n1jc2tbXNn90GGsSC0QkIeipoHknIW0IpiitNaJCj4HqdVr3819KuPVEgWBvdqENGGD52AtRkBpSXXvIzdXjPJO8CjLhw7XE+24CjFRezI2HcTVrTT5g0esl46J+iaOatgjYBniT0hOTRB2TXfnFZIYp8GinCQsm5bkWokIBQjnKZZJ5Y0AtKHDq1rGoBPZSMZHZriQ620cDsU+gUKj9S/Ewn4Ug58Tyd9UF057Q3FeV49Vu3zRsKCKFY0IONF7ZhjFeJha7jFBCWKDzQBIpj+KyZdEECU7jarS7CnT54llZPCRcG+O82VbidtZNA+OkB5ZKMzVELXqIwqiKAn9ILe0YfxbLwan8bXOLpgTGb20D8YP796jqXj</latexit>

A matrix for a specific 
stimulus (speed and 

amplitude)

An element is the score of 
observer “i” for interpretation 

“k”

Total number of points for 
interpretation “j” for one 

stimulus

Sum over the elements of 
column “j” of the matrix
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U = 1�
�
PT

j=1 pj log pj

log T
<latexit sha1_base64="YOAcl1Q4XOd7qLYTZgfZNdiL4qk=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCl5VWBPUwGHjx5oTVDdZa0izdsqUvJKkwSr+FF7+KFw8qXsWb38as60E3Hwj58f8/D8nz9xNGhTTNb21peWV1bb2yUd3c2t7Z1ff270ScckxsHLOYd30kCKMRsSWVjHQTTlDoM9Lxx1dTv/NAuKBx1JaThLghGkQ0oBhJJXm6YcMGtOpOwBHO6o5IQy8bNaz8vg0Tb+SweDC986ygdu7pNdMwi4KLYJVQA2W1PP3L6cc4DUkkMUNC9CwzkW6GuKSYkbzqpIIkCI/RgPQURigkws2KvXJ4rJQ+DGKuTiRhof6eyFAoxCT0VWeI5FDMe1PxP6+XyuDCzWiUpJJEePZQkDIoYzgNCfYpJ1iyiQKEOVV/hXiIVERSRVlVIVjzKy+CfWpcGtbtWa15U6ZRAYfgCJwAC5yDJrgGLWADDB7BM3gFb9qT9qK9ax+z1iWtnDkAf0r7/AGC/J6R</latexit><latexit sha1_base64="YOAcl1Q4XOd7qLYTZgfZNdiL4qk=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCl5VWBPUwGHjx5oTVDdZa0izdsqUvJKkwSr+FF7+KFw8qXsWb38as60E3Hwj58f8/D8nz9xNGhTTNb21peWV1bb2yUd3c2t7Z1ff270ScckxsHLOYd30kCKMRsSWVjHQTTlDoM9Lxx1dTv/NAuKBx1JaThLghGkQ0oBhJJXm6YcMGtOpOwBHO6o5IQy8bNaz8vg0Tb+SweDC986ygdu7pNdMwi4KLYJVQA2W1PP3L6cc4DUkkMUNC9CwzkW6GuKSYkbzqpIIkCI/RgPQURigkws2KvXJ4rJQ+DGKuTiRhof6eyFAoxCT0VWeI5FDMe1PxP6+XyuDCzWiUpJJEePZQkDIoYzgNCfYpJ1iyiQKEOVV/hXiIVERSRVlVIVjzKy+CfWpcGtbtWa15U6ZRAYfgCJwAC5yDJrgGLWADDB7BM3gFb9qT9qK9ax+z1iWtnDkAf0r7/AGC/J6R</latexit><latexit sha1_base64="YOAcl1Q4XOd7qLYTZgfZNdiL4qk=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCl5VWBPUwGHjx5oTVDdZa0izdsqUvJKkwSr+FF7+KFw8qXsWb38as60E3Hwj58f8/D8nz9xNGhTTNb21peWV1bb2yUd3c2t7Z1ff270ScckxsHLOYd30kCKMRsSWVjHQTTlDoM9Lxx1dTv/NAuKBx1JaThLghGkQ0oBhJJXm6YcMGtOpOwBHO6o5IQy8bNaz8vg0Tb+SweDC986ygdu7pNdMwi4KLYJVQA2W1PP3L6cc4DUkkMUNC9CwzkW6GuKSYkbzqpIIkCI/RgPQURigkws2KvXJ4rJQ+DGKuTiRhof6eyFAoxCT0VWeI5FDMe1PxP6+XyuDCzWiUpJJEePZQkDIoYzgNCfYpJ1iyiQKEOVV/hXiIVERSRVlVIVjzKy+CfWpcGtbtWa15U6ZRAYfgCJwAC5yDJrgGLWADDB7BM3gFb9qT9qK9ax+z1iWtnDkAf0r7/AGC/J6R</latexit><latexit sha1_base64="YOAcl1Q4XOd7qLYTZgfZNdiL4qk=">AAACFnicbZBNS8MwGMdTX+d8q3r0EhyCl5VWBPUwGHjx5oTVDdZa0izdsqUvJKkwSr+FF7+KFw8qXsWb38as60E3Hwj58f8/D8nz9xNGhTTNb21peWV1bb2yUd3c2t7Z1ff270ScckxsHLOYd30kCKMRsSWVjHQTTlDoM9Lxx1dTv/NAuKBx1JaThLghGkQ0oBhJJXm6YcMGtOpOwBHO6o5IQy8bNaz8vg0Tb+SweDC986ygdu7pNdMwi4KLYJVQA2W1PP3L6cc4DUkkMUNC9CwzkW6GuKSYkbzqpIIkCI/RgPQURigkws2KvXJ4rJQ+DGKuTiRhof6eyFAoxCT0VWeI5FDMe1PxP6+XyuDCzWiUpJJEePZQkDIoYzgNCfYpJ1iyiQKEOVV/hXiIVERSRVlVIVjzKy+CfWpcGtbtWa15U6ZRAYfgCJwAC5yDJrgGLWADDB7BM3gFb9qT9qK9ax+z1iWtnDkAf0r7/AGC/J6R</latexit>

Probability of one 
interpretation being voted

Sum over all elements of 
matrix “M”

Understandability (high when 
interpretation only attracts 

many votes)

Entropy (measuring how 
uniform the distribution is)



Deshmukh, Craenen, Foster & Vinciarelli, “The More I Understand it, the Less I Like it: The Relationship Between 
Understandability and Godspeed Scores for Robotic Gestures”, Proceedings of the IEEE International Symposium on Robot 

and Human Interactive Communication, 2018
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<latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit>
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35
<latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit><latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit><latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit><latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit>
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15
<latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit>↵
=

0.
75

<latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit>
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<latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit><latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit><latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit><latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit>↵
=

1.
00

<latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit>

↵
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1.
00

<latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit><latexit sha1_base64="ZacUfQygBJzuwOFRpkYBNA3iXHo=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoIJCwYvHCq4tbJcym2bb0GyyJFmhLP0ZXjyoePXfePPfmG33oK0PQh7vzTAzL0o508Z1v53Kyura+kZ1s7a1vbO7V98/eNQyU4T6RHKpuhFoypmgvmGG026qKCQRp51ofFv4nSeqNJPiwUxSGiYwFCxmBIyVgh7wdAQ3XtN1+/WGa78CeJl4JWmgEu1+/as3kCRLqDCEg9aB56YmzEEZRjid1nqZpimQMQxpYKmAhOown608xSdWGeBYKvuEwTP1d0cOidaTJLKVCZiRXvQK8T8vyEx8GeZMpJmhgswHxRnHRuLifjxgihLDJ5YAUczuiskIFBBjU6rZELzFk5eJf9a8anr3543WdZlGFR2hY3SKPHSBWugOtZGPCJLoGb2iN8c4L8678zEvrThlzyH6A+fzBznukBQ=</latexit>
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<latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit>

↵
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0.
75

<latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit>
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<latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit><latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit><latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit><latexit sha1_base64="FxEcX0/9WCpNWnUH9eJ4U/gbKDE=">AAAB8HicbVBNSwMxFHzrZ61fVY9egkXwVHaLooJCwYvHCq4ttkvJZrNtaJJdkqxQlv4LLx5UvPpzvPlvTNs9aOtAYJiZR96bMOVMG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yRahPEp6odog15UxS3zDDaTtVFIuQ01Y4vJn4rSeqNEvkvRmlNBC4L1nMCDZWeuxyG43wdf2sV6m6NXcKtEi8glShQLNX+epGCckElYZwrHXHc1MT5FgZRjgdl7uZpikmQ9ynHUslFlQH+XTjMTq2SoTiRNknDZqqvydyLLQeidAmBTYDPe9NxP+8TmbiiyBnMs0MlWT2UZxxZBI0OR9FTFFi+MgSTBSzuyIywAoTY0sq2xK8+ZMXiV+vXda8u9Nq46poowSHcAQn4ME5NOAWmuADAQnP8ApvjnZenHfnYxZdcoqZA/gD5/MHFsOQDQ==</latexit>

↵
=

0.
75

<latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit><latexit sha1_base64="7yU4wnt5KKkpSNK6VflY2cO/t2s=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqYJCwYvHCsYW0lA22227dLMbdidCCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6eCG/C8b6e0srq2vlHerGxt7+zuVfcPHo3KNGUBVULpdkwME1yyADgI1k41I0ksWCse3U791hPThiv5AOOURQkZSN7nlICVwg4R6ZDceG79olutea43A14mfkFqqECzW/3q9BTNEiaBCmJM6HspRDnRwKlgk0onMywldEQGLLRUkoSZKJ+dPMEnVunhvtK2JOCZ+nsiJ4kx4yS2nQmBoVn0puJ/XphB/zLKuUwzYJLOF/UzgUHh6f+4xzWjIMaWEKq5vRXTIdGEgk2pYkPwF19eJsGZe+X69+e1xnWRRhkdoWN0inxURw10h5ooQBQp9Ixe0ZsDzovz7nzMW0tOMXOI/sD5/AFKk5Af</latexit>

�
=

35
<latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit><latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit><latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit><latexit sha1_base64="hF5svAVgfWSxuvQe0jlMVhVVqMk=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oIJCwY3LCo4ttkPJZDJtaCYzJBmhDP0LNy5U3Po57vwb03YWWj0QOJxzLrn3BKng2jjOFyotLC4tr5RXK2vrG5tb1e2de51kijKPJiJR7YBoJrhknuFGsHaqGIkDwVrB8Hritx6Z0jyRd2aUMj8mfckjTomx0kNX2GhIro5Pe9WaU3emwH+JW5AaFGj2qp/dMKFZzKShgmjdcZ3U+DlRhlPBxpVupllK6JD0WcdSSWKm/Xy68RgfWCXEUaLskwZP1Z8TOYm1HsWBTcbEDPS8NxH/8zqZic79nMs0M0zS2UdRJrBJ8OR8HHLFqBEjSwhV3O6K6YAoQo0tqWJLcOdP/ku8o/pF3b09qTUuizbKsAf7cAgunEEDbqAJHlCQ8AQv8Io0ekZv6H0WLaFiZhd+AX18AxhHkA4=</latexit>

↵
=

0.
50

<latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit><latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit><latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit><latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit>

�
=

15
<latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit><latexit sha1_base64="vgRlQHU24oRV8Ck3jdiD3Wfn/eg=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrigoKBS8eK7i22C4lm822odlkSbJCWfovvHhQ8erP8ea/MW33oK0DgWFmHnlvwpQzbVz32yktLa+srpXXKxubW9s71d29By0zRahPJJeqHWJNORPUN8xw2k4VxUnIaSsc3kz81hNVmklxb0YpDRLcFyxmBBsrPXa5jUb42jvrVWtu3Z0CLRKvIDUo0OxVv7qRJFlChSEca93x3NQEOVaGEU7HlW6maYrJEPdpx1KBE6qDfLrxGB1ZJUKxVPYJg6bq74kcJ1qPktAmE2wGet6biP95nczEF0HORJoZKsjsozjjyEg0OR9FTFFi+MgSTBSzuyIywAoTY0uq2BK8+ZMXiX9Sv6x7d6e1xlXRRhkO4BCOwYNzaMAtNMEHAgKe4RXeHO28OO/OxyxacoqZffgD5/MHFT+QDA==</latexit>

↵
=

0.
50

<latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit><latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit><latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit><latexit sha1_base64="xVOHgcSet9gDAnBI4pLMAjgq7d8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hEUUGh4MVjBWMLaSib7aZdutkNuxOhhP4MLx5UvPpvvPlv3LY5aPXBwOO9GWbmxZngBjzvy6ksLa+srlXXaxubW9s79d29B6NyTVlAlVC6ExPDBJcsAA6CdTLNSBoL1o5HN1O//ci04UrewzhjUUoGkiecErBS2CUiG5Jrzz3zevWG53oz4L/EL0kDlWj16p/dvqJ5yiRQQYwJfS+DqCAaOBVsUuvmhmWEjsiAhZZKkjITFbOTJ/jIKn2cKG1LAp6pPycKkhozTmPbmRIYmkVvKv7nhTkkF1HBZZYDk3S+KMkFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWaDcFffPkvCU7cS9e/O200r8o0qugAHaJj5KNz1ES3qIUCRJFCT+gFvTrgPDtvzvu8teKUM/voF5yPbz/8kBg=</latexit>
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• There is an association between changes in 
amplitude and changes in understandability;

Key-Findings

• There is a statistically significant correlation between 
understandability and Godspeed scores; 

• The interplay appears to reproduce the 
incompatibility between social and task skills;

• There is limited association between changes in 
speed and changes in understandability;

• However simple, the synthetic gestures lead to effects 
like those observed in human-human interactions.
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“The human brain evolved in a world in 
which only humans exhibited rich social 
behaviours, and a world in which all 
perceived objects were real physical 
objects. Anything that seemed to be a 
real person or place was real.”

Media Effect (I)

Reeves & Nass, “The Media Equation”, CSLI, 1996



“Can human beings relate to computer or 
television programs in the same way they 
relate to other human beings? […] this 
book concludes that people not only can 
but do treat computers, televisions, and 
new media as real people and places.”

Media Effect (II)

Reeves & Nass, “The Media Equation”, CSLI, 1996





“It was eerie to be standing by this naked 
man, struggling between what I knew 
and what I felt.”

Media Effect (III)

McEwan, “Machines Like Me”, Vintage, 2019.
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