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1. COMPUTER SCIENCES: CONTEXT AND LIMITATIONS  

1.1. Human-computer interaction is getting social  

 

1.2. Interactive Virtual Humans 



                                                  

 

 
Figure 1: a) PPP (André, Müller, and Rist 1996) b) GRETA (Poggi et al. 2005) c) MARC (Courgeon and Clavel 2013) d) VHT (Hartholt et al. 

2013) 

1.3. Applications for full body interaction 

a b c d 



1.4. Raising interests for bodies 

Figure 2: a) Kinect One b) Occulus Rift view of a virtual human c) Infinite realities scan 

a b c 



1.5. Emotion and Personality: personalized interactions   

1.6. Synthesis and motivations 



 

Figure 3: Example of studies considering pairwise research questions a) (Kleinsmith, and Bianchi-Berthouze 2006) b) (Billon, Nédélec, and 

Tisseau 2010) c) (Bevacqua et al. 2012)

 

2. HUMAN SCIENCES: CONTEXT AND LIMITATIONS 

2.1. Embodied cognition: the corporeal turn 



2.2. Interpersonal communication: the interactive turn 



2.3. Disposed to be social: individual differences  
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4.1. COMPARSE project 



4.2. INGREDIBLE project 

4.3. Two case studies, two complementary scenarii 

 
 Job Interview Fitness Coach 
 (COMPARSE project) (INGREDIBLE project) 

        Context  Economic crisis Health  

        Attitude Not affiliative Affiliative 

        Associated Affect  Negative, stress Positive, rappo 

        Sensors Forceplate, video Motion capture 

        Body variables Dynamic balance  Movement kinematics 

Table 1: Comparison of the two scenarii 
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1. COMPUTER SCIENCES  

1.1. Individual differences in computer sciences 

1.1.1. Automatic recognition and perception of personality 



1.1.2. Virtual human nonverbal behavior synthesis of personality 

Early works 

Emotion Positive Emotions Negative Emotions Kinesphere Zone 

Personality E-H, A-H, N-L E-L, A-L, N-H 

Head Face up Chin down Vertical

Upper Limbs Elbows open or  
Armpits exposed

Arms crossed Horizontal

Hands placed 
Behind the head

Hands clenched 
In lower position

Vertical

Trunk Leans backward Leans forward Sagittal

Back straight Back lowered Vertical

Lower Limbs Jump or trot Draggy or saggy Vertical

Table 2: associations between personality, emotions and nonverbal behaviors in (Su, Pham, and Wardhani 2007). E – 

extraversion, A -  agreeableness, N – neuroticism, H – high and L – low.  



Figure 4: decision tree of reactive behaviors in (García-Rojas, Gutiérrez, and Thalmann 2008) 

Recent developments on IVA personality synthesis 

Openness 

Extraversion 

Conscienciousnes

s 
Intercept 

Avoid 

Avoid 

Intercept 

Protect 

<=63 

>63 

>35 

<=35 

>52 

<=52 

<=79 

>79 



Preference Frequency Speed
Spatial 
volume

Energy Energy Repetitivity

Poppy 
face high high Poppy high medium medium medium

gesture high high high high medium medium high

Spike
face medium medium medium medium high medium high

gesture high medium medium medium high low high

Prudence
face medium medium medium medium medium medium medium

gesture medium medium medium medium medium medium medium

Obadiah
face medium medium low medium medium low low

gesture low medium low medium medium low low

Figure 5: The four characters proposed in the SEMAINE project, the rule-based design of interactive behaviors 

according to neuroticism and extraversion and heuristic rules to discriminate behaviors of the four characters (BC =  

backchannels) 

EMOTIONAL 

STABILITY 

EMOTIONAL 

INSTABILITY 

EXTROV

ERTED 

INTROV

ERTED 

Obadia 

NUMBER 

OF BCs 

MIMICRY 



Users’ personality in interacting with IVA 

Personality relevance as a function of the task 

Situation encounter Effects on personality

Friendly 
more Extroverted AND more Agreeable 
less Introverted AND less Disagreeable

Hostile

IF Disagreeable THEN more Disagreeable 
IF Introverted THEN more Introverted 

ELSE randomly more Disagreeable OR more Introverted 
ALSO less Extroverted AND less Agreeable

Explore more Open

Persist more Conscientious

Stressful more Neurotic 

Table 3: effects of the environmental context on personality in (Poznanski * and Thagard 2005) 

Task User type System adaptation policy

Information presentation system
Novice Extravert, agreeable

Experienced Converge towards user

Tutoring system Any Extravert, agreeable, conscientious

Telesales system Any
Potent (extravert), 

match the company’s brand

Video games / entertainment Any Character-based

Crucial information retrieval 
(e. g. finance)

Any
Conscientious, not extravert, 

not agreeable

Psychotherapy
Fearful (introvert, not open) Aggressive (extravert, psychotic)

Aggressive (extravert, psychotic) Fearful or aggressive

Psychotherapy training system Any Neurotic

Any Aggressive (extravert, psychotic)

Table 4: Suggestions of advantageous personality profiles for specific tasks (Mairesse and Walker 2010) 



1.1.3. Summary 

1.2. Nonverbal interaction in computer sciences 

1.2.1. Early works and heuristic mimicry 



1.2.2. Development of data-driven interactive behaviors 

Lowering of pitch                          head nod 

Raised loudness                           head nod

Speech disfluency                         posture/ gaze shift

Speaker shifts posture                  mimic

Speaker gazes away                  mimic

Speaker nods or shakes           mimic

Table 5: feedbacks, mimicry and attention rules of the 

Rapport Agent in (Gratch et al. 2006) 



1.2.3. The measurement of synchrony 

 

 

 

1.2.4. Theoretical models 



Figure 6:  Motor resonance model and an example of smile alignment in (Prepin, Ochs, and Pelachaud 2012)  

1.3. Empathy in computer sciences 

1.3.1. Early works and care agents 



Actions Example Response

Slow Empathy
The agent displays concern for a user who is aroused and has a negatively valenced emotion, e.g., by 
saying “I am sorry that you seem to feel a bit bad about that question.”

Encourage
If the user is not aroused, the agent gives some friendly comment, e.g., by saying “You appear calm and 
don’t have to worry. Keep going!”

Ignore
The agent does not address the user’s emotion, and simply refers to the interview progress, by saying, 
e.g., “Let us go on to the next question.”

Congratulate
If the agent detects that the user is aroused in a positive way, it applauds the user (“Well done!”, “Good 
job!”, “You said the right thing” etc) 

Table 6: the four possible appropriate responses for the care agent in (Prendinger and Ishizuka 2005) 

1.3.2. Models of empathy 



Figure 7: empathic process model proposed by (S.H. Rodrigues et al. 2009) 

 

 

 

 

 

 

 

 

 

Figure 8: example of emotion moderation according to 

the empathic self-projection in (Hana Boukricha, Nguyen, 

and Wachsmuth 2011). 



Component  Related concepts Automated measurement Example applications

Cognitive 
empathy

Theory of mind, 
mentalizing, 

empathic accuracy

Classification of facial, speech, posture, or 
physiological signals into emotion categories 

Affective music player 
Emotionally adaptive 

games 
Emotionally intelligent cars

Emotional 
convergence

Mimicry, motor empathy, 
emotion matching, imitation

Synchronization analysis between expressions 
of two or more individuals

Closeness measurement 
Communication evaluation 

Scientific empathy 
measurement

Empathic 
responding

Sympathy, 
personal distress

Detection of specific nonverbal behaviors or 
thresholding emotional convergence indices

Empathic conversational 
agents 

Automated behavior 
coaches 

Helpdesk support system 

Table 7: description of the three major component of empathy according to (Janssen 2012) 

1.3.3. Summary  

1.4. Conclusions 



2. HUMAN SCIENCES 

2.1. Social interaction and interpersonal coordination 

2.1.1. Early findings and field structuring 



 

 

 

 

 

 

 

 

 

Figure 9: Rapport model from (Tickle-Degnen and Rosenthal 1990). 
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Early Late TIME OF INTERACTION 
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Positivity 
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Figure 10: Parallel process model (Patterson 1995)  
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Figure 11: (Wallbott 1995) model of interpersonal processes  
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2.1.2. Behavior matching 

 

 

 



 

 

 



 

 

 

2.1.3. Synchrony 



Figure 12: Manual annotations from (Kendon 1970)  

Figure 13: Running correlations of infant and mother (Tronick, Als, and Brazelton 1977) 



 
          
Figure 14: a) wrist pendulum paradigm (R.C. Schmidt and O’Brien 1997) b) rocking chair paradigm (M. J. Richardson 

et al. 2007) 

a b 



 

Figure 15: a) naturalistic conversation from (Ramseyer and Tschacher 2006) b) extracted motion energy 

b 

 

a 



Figure 16: Path model from (Valdesolo and DeSteno 2011)  
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2.1.4. Joint Action 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 17: a) (M. J. Richardson, Marsh, and Baron 2007) b) (Ramenzoni et al. 2012) 

 

a 

 

b 

 

Experimental task 



 

2.1.5. The interactive turn and its methodological implications 



 
 
Figure 18: two minimalist interactive protocols (Lenay and Stewart 2012) (Dumas et al. 2014)   

2.1.6. Conclusions 



 

 

 

 

 

2.2. Empathy and self-other merging 

2.2.1. Early theories: empathic responses of sympathy and personal distress 



2.2.2. Empathy as a process 

Figure 19: Theoretical model proposed in (Eisenberg et al. 1994) 

EMOTIONAL INTENSITY EMPATHY SYMPATHY 

PERSONAL DISTRESS OPTIMAL REGULATION PERSPECTIVE TAKING 

+ 

- 

+ 

+ 

+ 

+ + 



Figure 20: Empathic process described in (C. M. Davis 1990) 

Figure 21: Other in the self scale (Aron, Aron, and Smollan 1992) 



Figure 23: Late and early appraisal processes (Frederique de Vignemont and Singer 2006) 

2.2.3. Empathic motivations 

 

a 

 

LATE APPRAISAL 

MODEL 

 

 

 

 

b EARLY APPRAISAL MODEL 

 

 

 

 

 

 

 

 

 

Figure 22: Phylogenetic model from (de Waal 2008) 



 

Figure 24: Paths of empathic distress and compassion (Singer and Klimecki 2014)  

EMPATHY 

EMPATHIC DISTRESS 

COMPASSION 

Other-related emotion 
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Good health 

Approach & prosocial motivation 

Self related emotion 

Negative feeling : e.g., stress 

Poor health, burnout 

Withdrawal & non-social 

behavior 

Curent biology 



Figure 25: Summarizing hypotheses linking of empathic processes, responses and moderators in the HIDID model 

2.2.4. Individual differences in empathy and emotion regulation  
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MODERATORS EMPATHIC PROCESS 
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AFFECTIVE EMPATHY 

Vicarious 

emotion 

Emotional 
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Taking 
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Emotion 

regulation 

Self-Other  

affective awareness 

 

Self-Other  
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2.2.5. Empathy in nonverbal emotional interaction and individual differences 





2.2.6. Conclusion 

2.3. Self and social bonding 



2.3.1. Dynamics as the limit of the Five Factor model 

 

 



 

2.3.2. Interpersonal theory of personality 



Figure 27: Structural Analysis of Social Behavior ( SASB) (Benjamin 1996) 
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Figure 26: Circumplex model (Wiggins 1979) 



2.3.3. Two polarities models 

Communion and Agency 

Self-Determination Theory 



Self-Construal 

Attachment 



Summary 

2.3.4. Autonomy, emotion regulation and optimal functioning 

Autonomy and Separation 

 

 



Emotion regulation 



Optimal functioning models 



Summary 

2.3.5. Five Factor model of personality 



2.3.6. Conclusion 



2.3.7. Articulation of individual differences from empathy and interpersonal theories  



Figure 28: Revised version of our summarizing model HIDID 

2.4. From personality to cognitive style: Field dependence/independence 

 



 

 

2.4.1. Evolution of the concept 

The Internal/External Referent hypothesis (IER)  



Figure 29: a) display of the rod inside the rectangular optical tunnel b) external view of the rod and frame apparatus 

The Analytic/Holistic Processing hypothesis (AHP)  

a 
b 

 

 

 

 

 

 

 

Figure 30: example of figure to find in the EFT 



The Psychological Differentiation hypothesis (PD) 



Figure 31: Final theorization of the differentiation hierarchical organization (Herman A. Witkin, Goodenough, and 

Oltman 1979) 

2.4.2. FID in the interpersonal domain 

Interpersonal situations 

DIFFERENTIATION 
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2.4.3. Validity issues 

RFT-EFT against general abilities 



 

 

 

FID, Impulsivity and Mobility 



Varieties of RFT apparatus 



Conclusions 

2.4.4. Recent account of FID  



 

Figure 32: Cognitive style matrix representing the most common traditional and applied styles. 1.  1. Field-

dependence/independence (Witkin, 1954); 2. Field articulation (Messick & Fritzky, 1963); 3. Leveling-sharpening (Klein, 

1951); 4. Range of scanning (Gardner et al., 1959); 5. Breadth of categorization (Gardner et al., 1959); 6. Tolerance 

for unrealistic experience (Klein & Schlesigner, 1951); 7. Holist-serialist (Pask, 1972); 8. Locus of control (Rotter, 1966); 9. 

Reflexivity-impulsivity (Kagan, 1966); 10. Mobility/fixity (Witkin et al., 1962); 11. Adaptors-innovators (Kirton 1976); 12. 

Convergent-divergent (Kolb, 1984); 13. Rational vs. experiential (Epstein, Norris, & Pacini, 1995), 14. (a) Analytical vs. 

intuitive and (b) Integrated or high analytical/high intuitive style dimension (Agor, 1984.1989; Hodgkinson & Sadler-

Smith, 2003); 15. MBTI (a) sensing-intuition, (b) introversion-extraversion, and (c) thinking-feeling dimension (Myers, 

1976). 16. Gregorc’s (a) abstract-concrete and (b) ordering dimension (Gregorc, 1979, 1982, 1984); 17. Deep vs. 

surface approaches (Biggs, 1987; Entwistle & Ramsden, 1983; Vermunt, 1994); 18. extrinsic/intrinsic motivation (Biggs, 

1987); 19. Tolerance for ambiguity (Kirton, 2004; Wilkinson, 2006).   

Perception 
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Intuitive processing
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Formation 
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Traditional Styles 
Learning Styles 
(Education)

Decision Making Styles 
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2.4.5. Conclusion 

2.5. Associating individual differences and interactional synchrony 
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Figure 33: Model HIDID with hypothesized links between synchrony patterns and selected individual differences 
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1. METHODOLOGICAL CONSIDERATIONS 

1.1. Individual differences assessment tools 

 



 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

    

 

Figure 33: a) Example of figures to find in the EFT b) RFT apparatus from (Isableu et al. 2008)  

 

 

 

 

1.2. Model evaluation standards 
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2. FRENCH TRANSLATION AND VALIDATION OF THE 

SELF CONSTRUAL SCALE 



 

 

 

 

 

 

 

Table 8: Studies including a translation process of the Self Construal Scale 

Studies Questionnaire Languages Back-Tran. Items Sel. Items per scales Cronbach’s α 

(Sato and Cameron 1999) Singelis (1994) Japanese Yes No Int: 12; Ind: 12 Int =.75; Ind=.67 

(Aaker and Schmitt 2001) Singelis (1994) Chinese Yes Yes1 Int: 11; Ind: 9 Int =.90; Ind=.78 

(Kurman 2001) Singelis (1994) 

Singaporean Yes Yes2 Int: 5; Ind: 11 Int =.56; Ind=.60 

Israeli Druze Yes Yes2 Int: 5; Ind: 11 Int =.56; Ind=.61 

Israeli Jews Yes Yes2 Int: 5; Ind: 11 Int =.57; Ind=.64 

(Polyorat, Alden, and Alden 
2005) 

Singelis (1994) Thai Yes No Int: 12; Ind: 12 Int =.71; Ind=.61 

(Neff, Pisitsungkagarn, and 
Hsieh 2008) 

Singelis (1994) 
Thai Yes No Int: 12; Ind: 12 Int =.77; Ind=.66 

Taiwanese Yes No Inr: 12; Ind: 12 Int =.69; Ind=.62 

(Nezlek, Kafetsios, and Smith 
2008) 

Singelis (1994) Greek Yes No Int: 12; Ind: 12 Int =.56; Ind=.72 

(Kolstad and Horpestad 
2009) 

Singelis (1994) 
Spanish No No Int: 12; Ind: 12 Int =.57; Ind=.67 

Norwegian No No Int: 12; Ind: 12 Int =.64; Ind=.69 

(Christopher et al. 2011) Hardin (2004) 
Thai Yes No Int: 14; Ind: 18 Int =.79; Ind=.78 

American Yes No Int: 14; Ind: 18 Int =.76; Ind=.72 

(Sung, Choi, and Tinkham 
2012) 

Singelis (1994) Korean Yes No Int: 12; Ind: 12 Int=.72; Ind=.70 

        

    



2.1. Translation of the scale 



Table 9: List of the 24 items from the Singelis SCS (1994) translated in French and subscales to which they belong 

based on Singelis’ (1994) original structure. 

2.2. Latent structure and internal validity 

2.2.1. Data collection 

2.2.2. Data analysis 



2.2.3. Results  

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Scree plot resulting from an EFA on the 17 selected 

items 

FACTOR NUMBER 

EIGEN 

VALUE 



2.2.4. Discussion 

2.3. Criterion-Related Validity and Test-Retest Stability 



2.3.1. Data collection 

2.3.2. Data analysis 

2.3.3. Results  



  Test Retest Test-retest 

  
M SD M SD r Z 

 I 30.30 5.072 29.53 4.152 .349** -1.427 

SCS-Fr 
MH 27.55 3.411 26.27 3.381 .299* -2.762* 

 R 21.76 4.455 21.17 3.723 .527** -1.151 

Table 10: Bivariate correlations and Wilcoxon signed-rank test for SCS-Fr subscales. 

  
BFI-Fr 

  
E A C N O 

 I .163 .019 .107 -.156 .282* 

SCS-Fr MH .107 .599** .167 -.090 -.028 

 R .066 .254* -.207 .278* .086 

 

Table 11: Bivariate correlations between the French Se f-Construal Scale (SCS-Fr) and the French Big Five Inventory 

(BFI-Fr) subscales. 

2.3.4. Discussion 



2.4. Conclusion 



3. INTEGRATIVE MODEL: PATH MODEL ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 35: Proposed hypothesized model HIDID 



3.1. Data collection 

 

 

 

 

 

3.2. Data analysis 

 

 

3.3. Communion and Agency 



  1 2 3 

HSNS8 0,622 -0,133 0,068 

HSNS7 0,529 0,074 0,402 

HSNS9 0,507 -0,269 0,039 

HSNS6 0,503 -0,048 0,203 

HSNS3 0,461 0,191 0,387 

HSNS1 0,442 0,103 0,239 

SCS23 -0,095 0,561 -0,254 

SCS16 0,004 0,499 -0,03 

SCS22 -0,021 0,485 0,062 

SCS24 -0,035 0,46 -0,277 

SCS21 -0,005 0,421 0,168 

SCS20 -0,051 0,299 -0,056 

SCS14 -0,017 0,295 0,01 

SCS15 -0,056 0,24 -0,023 

SCS19 0,14 0,203 0,099 

SCS17 -0,046 0,138 -0,027 

HSNS2 0,446 0,072 0,597 

HSNS4 0,257 -0,11 0,427 

HSNS5 0,371 -0,132 0,38 

SCS13 0,064 -0,074 0,374 

SCS18 0,006 0,15 0,162 

Figure 36: Two EFA performed on narcissism and self-construal items. Both fit a three factors structure 

3.4. Model evaluation 

EIGEN 

VALUE 

FACTOR NUMBER 

  1 2 3 

NPI13 0,82 -0,106 0,014 

NPI19 0,766 -0,219 0,046 

NPI20 0,673 -0,072 -0,06 

NPI21 0,58 -0,243 0,051 

NPI16 0,528 0,106 -0,005 

NPI12 0,452 -0,136 -0,01 

NPI18 0,421 -0,023 0,007 

NPI8 0,399 0,048 -0,149 

NPI7 0,396 0,076 0,177 

NPI5 -0,32 0,269 -0,073 

NPI2 0,303 0,012 0,118 

SCS10 0,02 0,649 
 

0,157 

SCS11 0,091 0,509 0,191 

NPI9 -0,187 0,457 0,236 

SCS9 -0,104 0,422 -0,02 

SCS4 0,071 0,366 0,254 

SCS1 0,108 0,347 0,207 

NPI10 -0,219 0,315 0,218 

NPI11 0,077 0,3 0,268 

NPI1 -0,044 0,29 0,034 

SCS6 0,03 0,286 0,267 

NPI14 -0,147 0,258 0,172 

NPI15 0,206 0,229 0,03 

SCS8 -0,142 0,216 0,11 

SCS3 -0,021 0,215 -0,142 

SCS5 -0,103 0,209 0,044 

SCS12 -0,056 0,177 0,017 

NPI4 0,032 0,255 0,584 

SCS7 0,002 0,017 0,542 

NPI6 0,003 0,119 0,519 

NPI3 -0,024 0,207 0,271 

NPI17 0,13 0,091 0,221 

SCS2 -0,024 0,023 0,113 

 

FACTOR NUMBER 

EIGEN

VALUE 



3.4.1. Step 1: Confirmation 

 

 

 

 

 

 

 

 

 

 
ALEX INT IND-N PD EC PT 

ALEX 
r 

1,000 
0,144 0,011 0,267 0,072 -0,055 

p 0,028 0,872 0,000 0,277 0,402 

INT 
r 

 1,000 
0,105 -0,005 0,417 0,206 

p 
 

0,111 0,941 0,000 0,002 

IND-N 
r 

  1,000 
-0,096 0,015 -0,078 

p 
  

0,145 0,823 0,237 

PD 
r 

   1,000 
0,181 -0,055 

p 
   

0,006 0,405 

EC 
r 

    1,000 
0,296 

p 
    

0,000 

PT 
r 

     1,000 

Table 12: Zero order inter-correlations among the 6 variables of the model 



Figure 37: resulting path model of step 1 

 
ALEX INT IND-N PD EC PT 

ALEX res 0,000 0.000 0.000 0.000 0.000 0.000 

INT res 
 

0,000 0.000 -0.043 0.000 0.000 

IND-N res 
  

0,000 -0.084 -0.006 0.000 

PD res 
   

0,000 0,161 -0.040 

EC res 
    

0,000 0.000 

PT res 
     

0,000 

Table 13: Fitted residuals from the model in step 1 



3.4.2. Step 2: Refinement of emotion regulation contributions 

  
ALEX-A ALEX-C PD EC PT 

ALEX-A 
r 1,000 0,030 0,277 0,089 0,101 

p 
 

0,649 0,000 0,177 0,127 

ALEX-C 
r 

 
1,000 0,044 -0,020 -0,356 

p 
  

0,507 0,757 0,000 

Table 14: Zero order inter-correlations among ALEX-A and ALEX-C and the individual differences in empathy 



Figure 38: resulting path model of step 2 

 
ALEX-A INT ALEX-C PD EC PT 

ALEX-A res 0,000 0.000 0.000 0.000 0.018 0.076 

INT res 
 

0,000 0.000 -0.056 0.012 0.000 

ALEX-C res 
  

0,000 0.036 0.084 0.000 

PD res 
   

0,000 -0.036 -0.062 

EC res 
    

0,000 -0.018 

PT res 
     

0,000 

Table 15: Fitted residuals from the model in step 2 

3.4.3. Step 3: Final model 



 

Figure 39: Final path model 

3.5. Discussion 



 

 

 

 

 

 



4. FIELD INDEPENDENCE / DEPENDENCE IN THE 

INTERPERSONAL DOMAIN 

4.1. Data collection 

4.2. Data analysis 



4.3. Results 

4.3.1. FID in our model 

Figure 41: a) Representation of the population 

samples b) zero order correlations between FID measures and individual differences from our model 

* 
* 

 

 

 

 

 

 

 

 

 

 

Figure 40: Four types of self from (Konrath, 

Bushman, and Grove 2009) 
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4.3.2. Qualifying the RFT 



 

 

 

 

  ALEX_A ALEX_C PD EC PT IND-N INT IND-N - 
INT 

IND-N + 
INT 

FRAME 
r -,061 ,037 ,028 ,081 ,006 0,271 -,022 0,204 ,155 

p ,463 ,657 ,738 ,332 ,943 ,001 ,791 ,013 ,060 

DIST 
r -,061 ,058 -,083 -,089 ,087 ,026 -,115 ,108 -,067 

p ,466 ,484 ,315 ,285 ,292 ,756 ,165 ,191 ,420 

TIME 
r ,122 -,049 -,012 -,036 ,106 -,077 -,006 -,048 -,053 

p ,140 ,556 ,889 ,664 ,201 ,356 ,946 ,562 ,527 

UNCER 
r -,063 ,052 -,087 ,008 ,121 ,071 -,068 ,102 -,004 

p ,451 ,528 ,295 ,925 ,145 ,394 ,413 ,218 ,957 

RATIO_AC 
r -,156 ,152 -,015 -,022 -,130 ,123 -,013 ,094 ,068 

p ,058 ,067 ,856 ,790 ,117 ,139 ,878 ,256 ,412 

Table 16: zero order correlations between RFT related variables and individual differences from our model 

4.4. Conclusion 



 

 

 

5. CONCLUSIONS 
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1. JOB INTERVIEW: RELATED LITERATURE 

1.1. Public speaking and interviews 

1.1.1. Stress in public speaking situations 



1.1.2. Virtual interviewers 



1.2. Listeners and backchannels 

1.2.1. Listeners in human sciences 

1.2.2. Virtual listeners 





1.3. Postural control  

1.3.1. Postural control as a dynamical process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 42: Representations of the COG, the GL, the base 

of support and displacements of the COP. 
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1.3.2. Postural control and emotions 



1.3.3. Postural control in conversations 



1.4. Conclusion 



2. RESEARCH APPROACH AND METHOD 

2.1. Overview 

2.2. Hypotheses 

 



 

 

 

3. CORPUS: COMPARSE 

3.1. Participants 

Session date Number of participants Women / Men Mean Age 

2012.05.30-31 19 12 / 7 27 

2013.04.05 10 6 / 4 26 

2013.06.18-19 14 6 / 8 26 

Total 43 24 / 19 26,3 

Table 17: Description of the 3 sessions which constitute the COMPARSE corpus 



 

 

3.2. Measures 

3.2.1. Personality questionnaires  

3.2.2.  Affect questionnaires  

3.2.3. Physiological measures 



3.2.4. Collected behaviors 

Figure 43: Top view representation of the setup organization 

3.2.5. Task performance 

participant (standing) 

Microphone 

Physiological sensor 

Kinect toward body 

Camera toward body 

Camera toward face 

Force plate 

Assessors 

(seated) 

Camera toward 

assessors 



3.3. Procedure 

Figure 44: Experimental timeline from (Hua et al. 2014). T1: Saliva Sample 60 min after arrival at the laboratory; T2: Saliva 

Sample 3 min pre-test; pre-task subjective emotional states ; sensors calibration; T3: Saliva Sample 3 min post-test; post-

test subjective emotional states; T4: Saliva Sample 15 min post-test; T5: Saliva Sample 30 min post-test; T6: Saliva Sample 

45 min post-test. 

3.4. Protocol validation 

ARRIVAL BASELIN
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RECOVERY 
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3.5. Participant bodily behaviors processing 

3.5.1. Postural control 

Eq. 1 ∶  
𝐶𝑂𝐺

𝐶𝑂𝑃
=  

𝜔0
2

(𝜔0
2 +  𝜔2)

Eq. 2 ∶  𝜔 = 2 𝜋 𝑓

Eq. 3 ∶  𝜔0
2 =

𝑚𝑔ℎ

(𝐼𝐺 + 𝑚ℎ2)
 

Eq. 4 ∶ 𝐼𝑔𝑀𝐿 = 0.0572𝑚𝐻2

Eq. 5 ∶ 𝐼𝑔𝐴𝑃 = 0.0533𝑚𝐻2

𝜔



Figure 45: COP displacement (a) is filtered with the (Olivier Caron, Faure, and Brenière 1997) method to obtain COG 

approximation (b), subtract COG from COP to obtain the residual neural motor response (c). 

Time series Global statistics 

COG AP SD, MPF 
Confidence ellipse 

COG ML SD, MPF 

COP-COG AP SD, MPF  

COP-COG ML SD, MPF  

COP speed MEAN  

Table 18: Time series variables and their corresponding global statistics for postural control 

3.5.2. Global movements 
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Eq. 6 ∶ 𝐶𝐼 =
𝐴𝑠

𝐶𝑠

Eq. 7 ∶ 𝑄𝑜𝑀 =  
𝑄𝑜𝑃

𝐶𝑠

Time series Global statistics 

CI MEAN, SD, MPF 

QoM MEAN, SD, MPF 

Impuls MEAN, SD, MPF 

Table 19: Time series variables and their corresponding global statistics for global movements 

3.5.3. Complementarities of the two measures 

 𝐶𝑔 = (𝑥𝑔, 𝑦𝑔)

Eq. 8 ∶  𝑥𝑔 =
∑ 𝑥𝑖

𝑁
𝑖

𝑁
, 𝑦𝑔 =

∑ 𝑦𝑖
𝑁
𝑖

𝑁
 



𝑁

Figure 46: The COG extracted from the human silhouette. The images are, respectively: (a) the captured image, (b) 

the extracted silhouette and (c) the COG represented by a red circle. 

 

Phases of the public speaking task 

Read Listen Presentation Negative Feedback Positive Feedback Total 

N = 17 N = 17 N = 17 N = 17 N = 17  

r  0.889 0.937 0.879 0.911 0.856 0.894 

sd  0.083 0.046 0.125 0.090 0.156 0.100 

Table 20: Pearson correlations between COG time series from video and force plate (n = number of sequences) 

a b c 
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Figure 47: Normalized power spectrums of the COG from the 

video and the force plate and the COP from the force plate. 

 
F80 (n=63) 

COG 
Video 

COG FP COP FP 

 
mean  0.146 0.224 0.437 

sd  0.066 0.088 0.338 

COG 
Video 

Pearson 
r 

 0.264 0.058 

p  0.307 0.826 

COG FP 

Pearson 
r 

  0.595 a 

p   0.012 

 

Table 21: F80 for COG from the video and the force plate and 

cop from the force plate and their correlations 

 

 

 

 

 

 

 

 



3.6. Conclusion 

4. INDIVIDUAL BEHAVIORS 

4.1. Individual differences, emotional states and task performance 



 Self-reported states Task performance 

  

s
r_

a
n

x
ie

ty
 

s
r_

p
o

s
E

m
o

 

s
r_

n
e

g
E

m
o

 

s
r_

m
o

ti
v
a
ti

o
n

 

s
r_

s
tr

e
s
s
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o
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v
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o
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Extra 
r -,503 ,413 -,416 ,258 -,181 -,284 ,066 

p ,005 ,026 ,025 ,176 ,346 ,135 ,735 

Agree 
r -,418 ,367 -,139 ,031 -,059 -,161 ,062 

p ,024 ,050 ,472 ,871 ,763 ,403 ,749 

Neuro 
r ,383 -,491 ,220 -,058 ,149 ,054 -,243 

p ,040 ,007 ,250 ,764 ,441 ,781 ,205 

Alex 
r ,380 -,305 ,271 -,084 ,348 -,163 -,029 

p ,042 ,108 ,155 ,665 ,064 ,397 ,882 

sr_anxiety 
r 1,000 -,698 ,570 -,297 ,281 ,315 -,089 

p  ,000 ,001 ,118 ,140 ,097 ,647 

sr_posEmo 
r  1,000 -,200 ,410 -,051 -,471 ,411 

p   ,299 ,027 ,794 ,010 ,027 

sr_negEmo 
r   1,000 -,150 ,339 -,100 -,033 

p    ,437 ,072 ,607 ,866 

Table 22: Pearson correlations between individual differences, task performance indicators and self-reported states 

before the task. 

4.2. Individual nonverbal behaviors  



  

Individual differences 
Self-reported 

states 
Task performance 
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SD_COG_AP 
r -,385 ,189 ,289 ,065 -,025 -,044 -,221 -,040 ,021 ,147 ,196 

p ,039 ,326 ,128 ,739 ,897 ,822 ,249 ,835 ,913 ,447 ,307 

SD_COG_ML 
r -,362 -,034 ,250 -,060 -,022 -,163 -,221 -,232 -,035 -,031 ,434 

p ,054 ,861 ,191 ,756 ,911 ,398 ,248 ,225 ,857 ,873 ,019 

SD_COP_COG_AP 
r -,104 ,329 ,056 -,136 -,202 ,191 -,295 ,241 -,166 -,106 ,309 

p ,592 ,081 ,772 ,483 ,294 ,321 ,120 ,208 ,388 ,585 ,103 

SD_COP_COG_ML 
r -,016 ,067 -,213 -,192 -,224 ,210 -,312 -,107 -,162 -,031 ,390 

p ,935 ,730 ,267 ,319 ,244 ,274 ,099 ,580 ,400 ,873 ,037 

MPF_COG_AP 
r ,193 ,019 -,022 -,211 -,082 ,175 -,204 ,202 -,261 -,071 ,284 

p ,317 ,921 ,910 ,272 ,671 ,363 ,289 ,293 ,171 ,715 ,136 

MPF_COG_ML 
r ,261 -,018 -,489 -,406 -,046 ,269 -,140 ,211 -,285 ,069 ,244 

p ,172 ,928 ,007 ,029 ,813 ,158 ,470 ,273 ,134 ,723 ,202 

MPF_COP_COG_AP 
r -,249 -,126 ,129 ,170 ,336 -,327 ,178 -,029 ,300 -,162 ,260 

p ,193 ,516 ,504 ,377 ,075 ,083 ,354 ,881 ,114 ,401 ,173 

MPF_COP_COG_ML 
r -,349 ,025 ,184 ,464 ,317 -,237 ,362 ,191 ,314 ,069 -,303 

p ,063 ,897 ,340 ,011 ,094 ,216 ,053 ,322 ,098 ,724 ,110 

MEAN_COPspeed 
r -,116 ,249 -,006 -,147 -,161 ,158 -,370 ,218 -,236 -,083 ,433 

p ,548 ,192 ,976 ,447 ,405 ,412 ,048 ,256 ,219 ,668 ,019 

Ellipse_COP 
r -,441 ,044 ,216 ,015 ,017 -,106 -,234 -,106 -,089 ,106 ,421 

p ,017 ,823 ,260 ,937 ,930 ,583 ,221 ,584 ,645 ,585 ,023 

MEAN_QoM 
r ,103 ,144 -,610 -,428 -,324 ,427 -,274 ,071 -,134 ,493 ,061 

p ,594 ,455 ,000 ,021 ,086 ,021 ,150 ,715 ,487 ,007 ,754 

SD_QoM 
r -,114 -,040 -,214 -,134 -,156 ,124 -,079 -,267 ,261 -,047 ,239 

p ,557 ,836 ,264 ,488 ,419 ,522 ,683 ,162 ,172 ,808 ,213 

MPF_QoM 
r ,161 ,127 -,298 -,026 -,053 ,080 -,038 ,242 -,332 ,538 -,281 

p ,404 ,510 ,116 ,894 ,783 ,678 ,846 ,205 ,078 ,003 ,140 

SD_IMP 
r -,010 ,073 -,363 -,222 -,260 ,175 -,234 -,111 ,016 ,239 ,106 

p ,960 ,707 ,053 ,247 ,173 ,364 ,221 ,566 ,935 ,212 ,583 

MPF_IMP 
r -,083 ,079 -,041 ,074 ,022 -,238 -,175 -,105 -,243 ,184 ,108 

p ,669 ,682 ,834 ,702 ,911 ,213 ,364 ,588 ,203 ,339 ,578 

MEAN_CI 
r -,221 ,012 -,095 -,018 ,002 -,052 ,020 -,096 ,400 -,196 -,013 

p ,249 ,950 ,624 ,928 ,993 ,790 ,917 ,620 ,032 ,307 ,948 

SD_CI 
r -,090 ,109 -,050 -,128 ,075 ,126 ,063 -,047 -,147 ,440 ,130 

p ,641 ,573 ,796 ,507 ,701 ,515 ,744 ,809 ,448 ,017 ,500 

MPF_CI 
r ,211 ,041 ,071 -,043 -,086 ,111 -,040 ,086 -,194 ,075 ,079 

p ,272 ,832 ,714 ,824 ,659 ,567 ,836 ,657 ,313 ,698 ,685 

Table 23: Pearson correlations between individual differences, self-reported states before the task, task performance 

indicators and nonverbal variables. 



4.3. Prediction of observed task performance  



 Individual differences Self-reported states Nonverbal cues 

Perceived motivation ns sr_posEmo 
MEAN_QoM, 
MPF_QoM, 

SD_CI 

Perceived discomfort ns 
sr_posEmo, 
sr_anxiety 

SD_COGy, 
SD_COP_COGy, 

MEAN_COPspeed, 
Ellipse_COP 

Table 24: Variable selection for the construction of the two predictive models. 

 
Self-reported states Nonverbal cues Both 

R² p R² p R² p 

Perceived motivation 0.176 0.019 0.541 0.000 0.592 0.000 

Perceived discomfort 0.165 0.080 0.282 0.063 0.473 0.011 

Table 25: Results of two linear regression analyses for the prediction of perceived motivation and discomfort. 

 
Linear regression Support vector regression 

R² RMSE R² RMSE 

Perceived motivation 0.325 0.656 0.369 0.637 

Perceived discomfort 0.164 0.741 0.228 0.663 

Table 26: Results of two different regression approaches using a 10-fold cross-validation procedure. 



5. INTERPERSONAL BEHAVIORS 

5.1. Judges listening behaviors 

 

 

 

 



 

 

Figure 48: A) Quantity of motion from one judge, B) In red the filtered quantity of motion, C) Arbitrary threshold of QoM 

to select segment, D) selected segments based on the accumulated QoM in the selected segment. 

 

Number of segments in the corpus 260 

Averaged number of segment per session 
per judge 

4.2 

Mean length 140.8 frames 

Standard deviation of lenght 54.4 frames 

Maximum length 359 frames 

Minimum length 72 frames 

Table 27: extracted segment characteristics in COMP2 



 

 

5.2. Associations between judges and participants behaviors 

 Factor Factor * Extra Factor * Agree Factor * Neuro Factor * Alex 

 F p F p F p F p F p 

Mutlivariate 4,469 ,004 0,868 0,619 3,763 0,012 2,65 0,045 1,277 0,339 

SD_COGx ,310 ,110 0,646 0,428 0,015 0,905 0,053 0,819 0,066 0,799 

SD_COGy 10,184 ,133 1,891 0,180 1,189 0,284 0,747 0,394 0,072 0,790 



SD_COP_COGx 4,031 ,407 0,358 0,554 0,162 0,690 0,694 0,412 1,150 0,292 

SD_COP_COGy 25,957 ,961 1,323 0,260 1,249 0,273 1,257 0,271 0,399 0,533 

MPF_COGx 177,734 ,363 0,367 0,550 0,047 0,831 0,022 0,882 0,012 0,913 

MPF_COGy 329,975 ,274 0,089 0,768 0,225 0,639 0,906 0,349 1,481 0,233 

MPF_COP_COGx 186,952 ,150 0,089 0,767 0,758 0,391 0,181 0,674 1,166 0,289 

MPF_COP_COGy 304,710 ,176 0,176 0,678 3,023 0,093 2,347 0,136 0,789 0,382 

MEAN_COPspeed 15,780 ,101 0,041 0,841 0,008 0,930 0,094 0,761 0,592 0,448 

Ellipse_COP 5,636 ,301 1,005 0,324 0,533 0,471 0,135 0,716 0,287 0,596 

MEAN_QoM 6,709 ,019 2,952 0,096 1,612 0,214 1,751 0,196 0,150 0,701 

SD_QoM 21,384 ,095 2,646 0,115 2,020 0,166 2,743 0,108 0,532 0,471 

MPF_QoM 114,648 ,383 1,338 0,257 0,007 0,936 1,600 0,216 1,476 0,234 

SD_IMP 15,392 ,166 1,280 0,267 1,177 0,287 0,825 0,371 0,062 0,804 

MPF_IMP 74,723 ,003 0,910 0,348 0,841 0,367 1,509 0,229 0,005 0,943 

MEAN_CI ,392 ,092 0,108 0,745 0,258 0,615 2,575 0,119 3,149 0,086 

SD_CI 37,766 ,813 0,512 0,480 0,077 0,783 0,289 0,595 0,725 0,402 

MPF_CI 76,667 ,740 0,056 0,814 0,082 0,777 3,547 0,070 0,389 0,538 

Table 28: Four repeated measures ANCOVA, each model with a different individual difference as a covariate. 

 Factor * Extra Var(All) * Extra Var(Seg) * Extra 

 F p r p r p 

MEAN_QoM 2,952 0,096 0,072 0,699 -0,304 0,096 

MPF_COP-COG_ML 3,023 0,093 0,040 0,831 -0,307 0,093 

MPF_CI 3,547 0,070 0,113 0,545 -0,330 0,070 

MEAN_CI 3,149 0,086 0,022 0,907 0,313 0,086 



Table 29: Correlations between individual differences and bodily variables in COMP2 or in gain between COMP2 and 

COMP2-segmented. 

5.3. Synchrony analysis 



5.3.1. Methodology 

Figure 49: schematic representation of a canonical correlation analysis from (Sherry and Henson 2005). 
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Figure 50: WCLCA on COMP2 and COMP2-segmented with different time windows 



Figure 51: Example of one extract of a correlation map analysis resulting from the WCLCA with the 8 variables 

combined. A hatched zone highlights the location of an identified segment of judge movement. 

5.3.2. Results: General synchrony 



Figure 52: Correlation coefficients (for the WCLCA with the 8 time-series combined) averaged over all pairs (n = 31) 

with standard deviations across lags. BLACK: real pairs segmented; PURPLE:  pseudo pairs segmented; GREEN: real 

pairs non-segmented; BLUE: pseudo pairs non-segmented.  

Figure 53: Correlation coefficients for the 8 WCLCA separately averaged over all pairs (n = 31) at lag 0. The red bars 

are for pseudo pairs segmented and the black bars are for real pairs segmented. 
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Figure 54: Correlation coefficients between the 8 original variables entered in the combined WCLCA with the 

canonical variable (synthetic predictor) averaged over all pairs (n = 31) with standard deviations at lag 0. 

5.3.3. Results: individual differences 
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Figure 55: correlation coefficients (for the WCLCA with the 8 time-series combined) across lags but not averaged over 

the pairs (n = 31). 

   Extra Agree Neuro Alex    Extra Agree Neuro Alex 

Max 

QoM 
r ,116 ,138 ,073 ,226 

Lag 

QoM 
r ,270 ,040 -,171 ,003 

p ,549 ,476 ,706 ,238 p ,156 ,837 ,374 ,986 

IMP 
r ,292 ,212 ,048 -,080 

IMP 
r ,148 ,109 -,036 ,134 

p ,124 ,269 ,805 ,680 p ,444 ,572 ,854 ,488 

CI 
r -,063 ,004 -,087 ,120 

CI 
r ,137 ,164 -,047 -,043 

p ,747 ,983 ,654 ,534 p ,478 ,394 ,809 ,826 

COPspeed 
r -,148 ,192 ,048 ,221 

COPspeed 
r ,203 ,023 -,085 ,180 

p ,444 ,318 ,803 ,249 p ,290 ,906 ,663 ,351 

COG_AP 
r -,121 -,145 ,345 ,157 

COG_AP 
r -,139 ,064 -,138 ,312 

p ,530 ,452 ,067 ,415 p ,471 ,740 ,477 ,099 

COG_ML 
r -,129 ,092 -,034 ,057 

COG_MP 
r ,030 -,082 ,032 ,130 

p ,506 ,634 ,860 ,767 p ,879 ,673 ,871 ,500 

COP-
COG_AP 

r ,089 ,140 -,127 -,067 COP-
COG_AP 

r -,162 ,243 ,089 ,356 

p ,646 ,468 ,513 ,730 p ,402 ,204 ,647 ,058 

COP-
COG_ML 

r -,011 ,279 -,070 -,192 COP-
COG_ML 

r -,097 -,239 -,101 ,375 

p ,954 ,142 ,720 ,319 p ,616 ,212 ,602 ,045 

ALL 
r ,028 ,056 -,365 -,098 

ALL 
r ,329 ,162 -,161 ,074 

p ,885 ,775 ,052 ,612 p ,081 ,400 ,404 ,704 

Table 30: Correlations between individual differences and synchrony max correlation and lag of max correlation. 
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LAG (FRAMES) 
- 75 0  75 



5.3.4. Segment exploration 

Figure 56: Example of one segment correlation map with the five extracted features. 

(A) Correlation mean across the segment 

for lags  

   (1) MAX: Near lag 0 maximum correlation 

   (2) LAG: Lag corresponding to (1) 
  

(B) Correlations at lag (2) 

   (3) SLOPE: Regression slope of the first 50 

frames 

   (4) LOCMAX: Maximum correlation 

   (5) LOCLAG: Lag corresponding to (4) 



   1 2 3 4 5 6 7 8 9 

LOC_LAG 

IMP_LOCLAG ,726 ,017 ,021 ,151 ,011 ,004 -,034 -,050 -,175 

QoM_LOCLAG ,697 -,043 ,042 ,137 ,073 ,049 ,002 -,064 -,248 

COPCOG_AP_LOCLAG ,673 ,136 -,031 ,016 -,033 ,004 -,047 ,091 ,013 

COPCOG_ML _LOCLAG ,603 -,026 -,165 ,039 -,018 ,143 ,153 -,007 -,050 

ALL_LOCLAG ,572 -,079 ,150 -,106 -,028 -,111 ,053 -,069 ,017 

COG_ML_LOCLAG ,547 ,034 -,085 -,003 ,067 -,058 -,123 ,233 ,116 

COPspeed_LOCLAG ,537 ,031 -,135 ,040 -,072 -,081 ,074 ,057 ,074 

CI_LOCLAG ,513 -,082 ,194 -,077 -,019 -,105 -,040 -,022 ,267 

COG_AP _LOCLAG ,510 ,007 ,071 -,054 -,105 -,046 -,007 ,026 -,125 

COG_AP _LAG ,199 ,127 ,081 -,041 ,082 -,132 ,086 -,170 -,115 

QoM_MAX 

IMP_MAX -,056 ,856 -,002 -,088 ,027 -,010 -,142 -,032 ,051 

IMP_LOCMAX ,179 ,807 ,077 -,177 ,007 -,068 -,118 ,100 ,111 

QoM_LOCMAX ,085 ,744 -,054 -,009 -,109 ,118 ,201 ,028 -,058 

QoM_MAX -,183 ,705 ,024 ,095 -,092 ,156 ,115 -,054 ,002 

COG_MAX 

COG_ML _LOCMAX ,156 ,026 ,746 -,022 ,213 -,004 ,011 -,289 -,124 

COG_ML _MAX -,230 ,019 ,669 -,026 ,222 -,068 -,037 -,102 -,098 

COG_AP _MAX -,269 -,003 ,638 ,150 -,164 -,032 ,003 ,105 -,024 

COG_AP _LOCMAX ,115 ,034 ,629 ,043 -,203 -,079 -,077 ,229 ,063 

COPspeed_LAG ,010 -,152 ,355 -,168 ,127 ,107 ,049 -,348 ,067 

COPCOG_ML _LAG ,057 -,061 ,354 -,011 -,231 ,049 ,095 -,133 -,305 

SLOPE 

ALL_SLOPE -,039 -,151 -,017 ,637 -,045 ,076 -,052 ,040 ,162 

COG_AP _SLOPE ,073 -,026 ,211 ,576 -,237 -,008 ,078 ,054 ,078 

COPCOG_ML _SLOPE ,014 -,127 -,206 ,544 ,140 ,033 -,016 ,047 -,224 

COPCOG_AP _SLOPE -,129 -,064 ,017 ,523 -,058 -,139 ,015 ,282 -,063 

IMP_SLOPE ,033 ,209 ,086 ,508 ,036 -,095 -,143 -,275 -,127 

QoM_SLOPE ,157 ,152 ,028 ,502 ,176 ,118 -,154 -,194 ,216 

COG_ML _SLOPE ,148 -,113 ,012 ,357 -,048 ,096 -,118 ,268 ,095 

COPCOG_ML 
_MAX 

COPCOG_ML _MAX -,199 -,038 ,046 -,023 ,873 -,023 ,017 -,034 ,093 

COPCOG_ML_LOCMAX ,167 -,070 ,057 -,077 ,829 -,072 ,066 ,033 ,066 

CI_LAG -,172 -,002 -,149 ,192 ,302 -,255 ,070 -,117 ,104 

CI_MAX 

CI_LOCMAX ,035 ,058 -,082 ,000 -,079 ,836 ,076 -,069 -,031 

CI_MAX -,205 ,055 -,058 ,059 -,087 ,791 ,037 -,062 -,009 

ALL_LOCMAX ,146 ,015 ,238 ,000 ,159 ,468 ,023 ,335 ,041 

ALL_MAX -,161 ,041 ,281 ,025 ,136 ,402 -,004 ,342 ,042 

COPspeed_MAX 

COPspeed_MAX -,081 ,027 -,055 -,094 ,032 ,062 ,882 -,081 ,021 

COPspeed_LOCMAX ,138 -,021 -,026 -,085 ,106 ,103 ,849 ,053 ,048 

ALL_LAG ,033 -,038 ,155 ,096 -,191 -,241 ,359 -,125 ,195 

COPCOG_AP 
_MAX 

COPCOG_AP_LOCMAX 
_LOCMAX 

,197 ,078 -,002 ,144 ,191 -,099 ,236 ,647 -,085 

COPCOG_AP _MAX -,184 ,102 ,093 ,121 ,161 -,206 ,141 ,628 -,121 

IMP_LAG -,039 ,052 ,119 ,065 ,138 -,080 ,161 -,477 ,061 

CI_SLOPE 

CI_SLOPE ,028 -,027 -,028 ,256 ,115 ,101 -,016 -,144 ,659 

QoM_LAG -,151 ,159 -,026 -,082 ,086 -,130 ,032 -,086 ,552 

COG_ML _LAG ,045 ,047 ,226 ,091 -,009 ,023 -,029 -,133 -,398 

COPCOG_AP _LAG -,027 -,071 ,080 ,096 ,016 ,093 ,141 -,276 ,376 

COPspeed_SLOPE ,030 ,098 -,098 ,149 -,112 -,084 ,207 -,226 ,282 

 

Table 31: Components loadings for the 9 components models. 



5.4. Discussion 

 Extra Agree Neuro Alex 

P1_LOC_LAG 
r ,170 ,132 -,096 -,072 

p ,379 ,494 ,619 ,710 

P2_QoM_MAX 
r ,154 ,086 ,284 ,203 

p ,424 ,657 ,135 ,291 

P3_COG_MAX 
r ,133 ,207 ,055 -,057 

p ,491 ,281 ,776 ,768 

P4_SLOPE 
r -,296 -,003 -,202 -,064 

p ,119 ,989 ,294 ,740 

P5_COPCOGy_MAX 
r ,029 ,316 -,222 -,221 

p ,880 ,095 ,248 ,248 

P6_CI_MAX 
r ,033 ,002 -,098 ,003 

p ,864 ,991 ,612 ,990 

P7_COPspeed_MAX 
r ,039 ,273 -,071 ,145 

p ,841 ,152 ,714 ,453 

P8_COPCOGx_MAX 
r -,010 -,259 ,043 ,079 

p ,958 ,175 ,823 ,685 

P9_CI_SLOPE_QoM_LAG 
r -,176 -,121 -,004 ,014 

p ,360 ,531 ,985 ,943 

Table 32: Correlations between individual differences and 

components from the segmental synchrony analysis. 





 Alexithymia Neuroticism Extraversion Agreeableness 

Individual 

MPF_COG_ML -0,406 MPF_COG_ML -0,489 SD_COG_AP -0,385 SD_COP_COG_AP 0,329 

MPF_COP_COG_ML 0,464 MEAN_QoM -0,61 SD_COG_ML -0,362   

MEAN_QoM -0,428 SD_IMP -0,363 MPF_COP_COG_ML -0,349   

    Ellispe_COP -0,441   

Judges' 
influence 

MEAN_CI (seg)-(all) 0,313 MPF_CI (seg)-(all) -0,33 MEAN_QoM (seg)-(all) -0,304 MPF_COP_COG_ML (seg)-(all) -0,307 

Judges' 
synchrony 

Lag_COG_AP 0,312 Max_COG_AP 0,345 Lag_ALL 0,329   

Lag_COP_COG_AP 0,356 Max_ALL -0,365     

Lag_COP_COG_ML 0,375       

Table 33: Summary of highest associations between individual differences and behavioral variables 

6. TOWARD A VIRTUAL JUDGE 

6.1. Goal of the virtual judge 



 

 

6.2. Virtual judge design 

6.2.1. Nonverbal behaviors: postural moves  

 

 

 

 

 

Figure 57: Front view of the virtual judge with face blurred 

and hand behind a laptop. 



Figure 58: schematization of the 7 positions the virtual judge can take with the possible pathways indicated with arrows. 

Images are extracted from the motion capture software. 
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Figure 59: a) picture of me in motion capture suit in the mocap system. B) Example of motion capture takes for position 

Center and Front.     

6.2.2. Software architecture 

a b 



6.3. Prediction of judges movements 

6.3.1. Methodology 

𝑇𝑡 = 𝑇𝑡𝑙𝑎𝑠𝑡 + 𝑗 −
(𝑡−𝑡𝑡𝑙𝑎𝑠𝑡)

(𝑔∗𝑟)²

2
∗

𝑗

𝑑

𝑇𝑡

𝑡𝑡𝑙𝑎𝑠𝑡 𝑇𝑡𝑙𝑎𝑠𝑡



6.3.2. Feature Selection 

Figure 60: Decrease in deviance of fit while including more variables. 

6.3.3. Prediction experiment 
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Figure 61: result of the prediction algorithms 

 F1 Recall Precision T Dispersion Nb moves Sd moves Length Sd length 

Random 0,083 0,082 0,086 0 3,675 2,115 1581 1661 

Fixed 0,14 0,449 0,087 0,206 20,42 10,725 799 1038 

Dynamical 0,18 0,392 0,124 0,995 13,904 5,074 603 1113 

F
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Table 34: Detailed results of each type of threshold for the prediction algorithm 

6.4. Limitation and future works 

 

 

 

 

 



7. SUMMARY AND PERSPECTIVES 
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1. FITNESS COACH: RELATED LITERATURE 

1.1. Virtual sport trainers 

1.1.1. Exergames, virtual trainers and health  



1.1.2. Virtual trainers in HCI 

Figure 62: a) application YouMove (Anderson et al. 2013) b) application MotionMA (Velloso, Bulling, and Gellersen 

2013) 

1.1.3. Movement predictability 

a b 



1.2. Kinematics and movement qualities 

1.2.1. Communication through movement qualities 



1.2.2. Movement qualities and emotion perception 



1.2.3. Movement qualities and personality perception 



1.3. Perceptual framework  



1.4. Conclusion 

2. RESEARCH APPROACH AND METHOD 

2.1. Overview 



2.2. Coach expressivity: hypotheses 



2.3. Coach interaction: hypotheses 

 

 

 

 

 

 

 



3. COACH EXPRESSIVITY: INDIVIDUAL ANALYSIS 

3.1. Corpus 

3.1.1. Participants and Materials 

3.1.2. Emotional contexts 

3.1.3. Movement qualities computation 



Times series Descriptive Equation 

Impulsivenes
s 

(Equation 1) 
 

Time effort can be determined as the net 
acceleration accumulated at the body parts 
over time (Equation 1).  
Plot this result on a determined time give us 9 
time series (i.e., one for each segment). 
Vi(t) is the instantly velocity of the i-th 
member. 

  Impulsiveness𝐦𝐞𝐦𝐛𝐞𝐫 = ∑
| 𝐕(𝐭𝐢) −  𝐕(𝐭𝐢−𝟏 )|

𝐭𝐢 − 𝐭𝐢−𝟏 

𝐓

𝐢=𝟐

 

 

𝐕(𝐭𝐢) = √𝐕𝐱𝐭𝐢
𝟐 + 𝐕𝐲𝐭𝐢

𝟐 + 𝐕𝐳𝐭𝐢
𝟐 

 

Energy 
(Equation 2) 

Weight effort can be determined as energy at 
each instant (t) (Equation 2). Plot this result on 
a determined time give us 9 time series (i.e., 
one for each segment). mimember is the 
approximation of the mass of the it-th member 
according to the Winter table (Winter 2004).  
Vi(t) is the instantly velocity of the i-th 
member. 

  Energy𝐦𝐞𝐦𝐛𝐞𝐫 = 
𝟏

𝟐
∑ 𝐦𝐢𝐦𝐞𝐦𝐛𝐞𝐫 ∗ 𝐕𝐢(𝐭)𝟐𝐧

𝐢=𝟏  

 

Directness 
(Equation 3) 

Space effort is computed as the inner product 
of chest and member (i.e., right hand, left 
hand, right foot, left foot) trajectories at every 
time instance (Equation 3). 

 Vchest
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ ∗ Vmember

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗    Represent tangents to chest 
and members positions. Plot this result on a 
determined time gives us 4 time series (i.e., 
one for each hand and feet). 

  Directness𝐦𝐞𝐦𝐛𝐞𝐫 = 𝐕𝐜𝐡𝐞𝐬𝐭
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ∗ 𝐕𝐦𝐞𝐦𝐛𝐞𝐫

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   
 

= (𝐕𝐜𝐡𝐞𝐬𝐭 𝐗 𝐕𝐜𝐡𝐞𝐬𝐭 𝐲 𝐕𝐜𝐡𝐞𝐬𝐭 𝐳) ∗ (
𝐕𝐦𝐞𝐦𝐛𝐞𝐫 𝐗

𝐕𝐦𝐞𝐦𝐛𝐞𝐫 𝐘

𝐕𝐦𝐞𝐦𝐛𝐞𝐫 𝐙

) 

 

Smoothness 
(Equation 4) 

Flow effort is determined as 3D curvature for 
each segment for each time. The curvature is 
a rapport between velocity and acceleration 
(equation 4).  
Plot this result on a determined time give us 9 
time series (i.e., one for each segment). 
 vxi and axi indicate the first and second 
derivatives of x trajectory at frame i, 
respectively. 

 Smoothness𝐦𝐞𝐦𝐛𝐞𝐫 =

√
(𝐯𝐱𝐢 ∗ 𝐚𝐲𝐢 − 𝐯𝐲𝐢 ∗ 𝐚𝐱𝐢)

𝟐 + (𝐯𝐳𝐢 ∗ 𝐚𝐱𝐢 − 𝐯𝐱𝐢 ∗ 𝐚𝐳𝐢)
𝟐 +

(𝐯𝐲𝐢 ∗ 𝐚𝐳𝐢 − 𝐯𝐳𝐢 ∗ 𝐚𝐲𝐢)
𝟐

(𝐯𝐱𝐢𝟐 + 𝐯𝐲𝐢𝟐 + 𝐯𝐳𝐢𝟐)
𝟑
𝟐

 

 

Density 
Index 

(Equation 6) 
 

Shape Qualities describe the way the body is 
changing toward space. 
The index which can convey shape quality is 
the density index. This calculation is 
associated to the position of the segment 
according to the center of mass (Equation 5) 
at each time. Plot this result on a determined 
time give us one time series (i.e., one for the 
entire body).  
Dxi, dyi, dzi are distances between mass 
center coordinate (xc, yc, zc) and the i-th 

member coordinate (xi, yi, zi) 

  Density Index =  ¾ ∗ 𝝅 ∗ 𝑫𝑰𝒙 ∗ 𝑫𝑰𝒚 ∗ 𝑫𝑰𝒛 

 
 

𝑫𝑰𝒙 =
𝟏

𝒏
∑ 𝒅𝒙𝒊𝒏

𝒊=𝟏    𝑫𝑰𝒚 =
𝟏

𝒏
∑ 𝒅𝒚𝒊𝒏

𝒊=𝟏    𝑫𝑰𝒛 =
𝟏

𝒏
∑ 𝒅𝒛𝒊𝒏

𝒊=𝟏  

  𝒅𝒙𝒊 = √(𝒙𝒊 − 𝒙𝒄)
𝟐    𝒅𝒚𝒊 = √(𝒚𝒊 − 𝒚𝒄)

𝟐  𝒅𝒛𝒊 = √(𝒛𝒊 − 𝒛𝒄)
𝟐 

 

Table 35: Movement qualities computation Adapted from (Piana & al 2013; Kapadia et al 2013; Samadani & al 2013; 

Chen & al 2011). 

3.1.4. Emotion and Personality Assessment 



Figure 63: Motion captures via a kinect, a webcam and a motion capture system 

3.2. Perceptual analysis methodology 

3.2.1. Analysis framework  

Figure 64: Analysis framework inspired by (A. Vinciarelli and Mohammadi 2014) 
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3.2.2. Participants  

3.2.3. Materials 

3.2.4. Procedure 



 

Figure 65: Video stimulus presented to the participant for each movement sequence  

Movement qualities Left anchora Right anchorb 

Average 

inter-rater 

correlations 

(r) 

Spearman-

Brown 

Coef. (Rsb) 

Cronbach 

alpha (α) 

Smoothness Abrupt Smooth 0.18 0.89 0.86 

Directness Indirect Direct 0.09 0.66 0.68 

Energy Limp Energetic 0.53 0.96 0.97 

Impulsivity Restrained Impulsive 0.46 0.95 0.96 

Spatial extension Restricted Vast 0.41 0.95 0.95 

Emotion Left anchora Right anchorb    

Valence Negative emotion Positive emotion 0.39 0.95 0.95 

Intensity Low intensity Strong intensity 0.33 0.95 0.93 

Dominance Subdued Dominant 0.37 0.93 0.94 

Motivation Without motivation Strongly motivated 0.40 0.95 0.95 

Stress Relaxed Stressed 0.09 0.75 0.76 

Personality Left anchora Right anchorb    

Extraversion Introverted Extroverted 0.40 0.93 0.95 

Openness Humdrum Adventurous 0.38 0.95 0.94 

Neuroticism Neurotic Stable emotionally 0.17 0.87 0.84 

Conscientiousness Careless Conscientious 0.08 0.65 0.67 

Agreeableness Disagreeable Warm 0.31 0.93 0.92 
a Score = 1      
b Score = 10      

 = not acceptable reliability     

Table 36: Evaluated dimensions with their left/right anchors and their raters’ reliability indicators 

  

 



3.2.5. Item clarity and Rater reliability 

α

 

3.2.6. Correlation bias and General impression: selecting and transforming variables 



Dimensions 

Nb of raters Reliability (Rsb) Inter-

methods 

correlations 

Observed / 

Residuals 

correlations 
Long Short Long Short 

Movement 

qualities 

Smoothness 27 10 0.89 0.81 .828** .644** 
Energy 27 10 0.96 0.86 .949** 0.233 

Impulsivity 27 10 0.95 0.86 .928** 0.242 

Spatial extension 27 10 0.95 0.90 .901** .486** 

Emotion 

Valence 27 10 0.95 0.87 .805** 0.260 

Intensity 27 10 0.95 0.91 .883** .280* 

Dominance 27 10 0.93 0.88 .736** .267* 

Motivation 27 10 0.95 0.83 .869** 0.254 

Personality 

Extraversion 27 12 0.93 0.92 .888** 0.198 

Openness 27 12 0.95 0.88 .844** 0.113 

Neuroticism 27 12 0.87 -0.16 .243 - 

Agreeableness 27 12 0.93 0.84 .830** .363** 

* for p<0.05 
     

 

** for p<0.01 
     

 

Table 37: Rated dimension characteristics 



3.3. Study 1: Perceptual representation of movement qualities 

3.3.1. Computed movement qualities 

 
C-energy C-impulsivity C-spatial extent C-smoothness 

C-energy 1 0.89** 0.36** 0.50** 

C-impulsivity 
 

1 0.21 0.42** 

C-spatial extent 
  

1 0.37** 

C-smoothness 
   

1 

* for p<0.05 

 

   

** for p<0.01 

 

   

Table 38: Pearson correlations between computed movement qualities (n=56) 

3.3.2.       Perceived movement qualities  

 
G P-smoothness P-spatial extent 

G 1 0.00 0.00 

P-smoothness  1 0.09 

P-spatial extent  
 

1 

* for p<0.05  

  ** for p<0.01  

   

Table 39: Pearson correlations between perceived movement qualities 

3.3.3. Perceptual representation 



 

Figure 66: Correlations between computed and perceived movement qualities 

X : % area under ordinate 

Y : Pearson r 

*   for p<0.05 

** for p<0.01 



 

3.4. Study 2: Emotion Analysis 

3.4.1. Ecological validity and Cue utilization in emotion perception 



Ecological validity 
Perceptual cues 

Cue utilization 

S-enjoyment S-surprise G P-intensity P-dominance 

 

 

Distal cues  

 

 

0.13 0.43** C-energy 0.82** 0.23 -0.16 

0.24 0.44** C-impulsiveness 0.94** 0.15 -0.01 

0.36* 0.34* C-spatial extent 0.27* -0.07 -0.19 

-0.02 0.40** C-smoothness 0.41** 0.12 -0.43** 

 
Proximal percepts 

 
0.28* 0.48** G 1.00 0.00 0.00 

-0.36* 0.27* P-spatial extent 0.00 0.37** -0.48** 

-0.07 0.09 P-smoothness 0.00 -0.27* -0.23 

* for p<0.05      

** for p<0.01      

Table 40: Ecological validity and cue utilization for emotions 

3.4.2. Achievement between self-reported and perceived emotions 

  
Evaluated criterion 

  
G P-intensity P-Dominance 

Distal criterion 
S-enjoyment 0.28* -0.20 0.32* 

S-surprise 0.48** 0.17 -0.33* 

* for p<0.05     

** for p<0.01     

Table 41: Achievement for emotions 



3.5. Study 3: Personality Analysis 

3.5.1. Ecological validity and Cue utilization in personality perception 

Ecological validity 
Perceptual cues 

Cues utilization 

S-extraversion S-openness S-neuroticism S-agreeableness S-conscientiousness G P-agreeableness 

 
Distal cues 

 -0.10 -0.29* 0.27* -0.14 -0.22 C-energy 0.82** -0.13 

-0.03 -0.26 0.26 0.00 -0.09 C-impulsiveness 0.94** -0.19 

0.55** -0.01 0.16 -0.44** 0.02 C-spatial extent 0.27* 0.28* 

0.25 -0.02 0.22 -0.10 0.15 C-smoothness 0.41** 0.25 

 
Proximal percepts 

 0.04 -0.15 0.40** -0.00 -0.05 G 1.00 0 

0.06 -0.39** -0.06 -0.29* -0.13 P-spatial extent 0.00 0.01 

0.23 0.04 0.30* 0.10 0.42** P-smoothness 0.00 0.57** 

* for p<0.05       

** for p<0.01       

Table 42: Ecological validity and cue utilization for personality traits 



3.5.2. Achievement between self-reported and perceived personality 

  
Evaluated criterion 

  
G P-agreeableness 

Distal criterion 

S-extraversion 0.04 0.29* 

S-openness -0.15 0.27* 

S-neuroticism 0.40** 0.09 

S-agreeableness -0.00 0.10 

S-conscientiousness -0.05 0.22 

* for p<0.05    

** for p<0.01    

Table 43: Achievement for personality traits 

3.6. Discussion  





 

3.7. Future directions  



4. COACH SYNCHRONY: DYADIC ANALYSIS 

4.1. Corpus 

4.1.1. Participants and materials 

4.1.2. Movement sequences 

4.1.3. Procedure 



 N° 
Conditions design Descriptive 

 1 trainer 

 Trainer was alone in 
the motion capture 
room. During this 
time trainee was in 
another room. 

 During all conditions, trainers were placed on one of two cross resting on the floor. 
The crosses were spaced of 2.5 meters. Experimenter asked to trainers to position 
front of the wall (not in the way where the other cross were) and to realize four times, 
three following choreographies n°1 when trainer was ready.  

 2 trainee 

 Trainee was alone in 
the motion capture 
room. During this 
time trainer was in 
another room. 

 During all conditions, trainees were placed on one of two cross resting on the floor. 
The crosses were spaced of 2.5 meters. Experimenter asked to trainers to position 
front of the wall (not in the way where the other cross were) and to realize four times, 
three following choreographies n°1 when trainee was ready.   

3 

 Trainer and trainee 
were both in the 
motion capture room 
back to back.  

 At beginning of this condition experimenter asked to trainer and trainee to not 
communicate with voice, gaze or facial expression during all the experimentation. 
They are positioned as for the first condition (front of the wall, they did not see each 
other). Experimenter requested then to realize four times, three following 
choreographies n°1 when they were ready.   

4 

 Trainer and trainee 
were both in the 
motion capture room 
back to back. 

 At beginning of this condition experimenter communicate to trainer and trainee the 
role of each one. “For the rest of the experimentation [participant X] you will be the 
trainer because you are an expert of movements. [Participant Y] you will be the 
trainee because you have no expertise in dance, fitness coach, etc. This condition 
was close to the second one. The only change was the announcement of the status 
in condition 3. 

5 

 Trainer and trainee 
were both in the 
motion capture room 
face to face. 

 At beginning of this condition experimenter asked to turn face to face. Experimenter 
requested then to realize four times, three following choreographies n°1 when they 
were ready.   

6 

 Trainer and trainee 
were both in the 
motion capture room 
face to face. 

 At beginning of this condition experimenter asked to trainer to teach the 
choreography number one to the trainee in the goal that he improves the quality of 
his movements. Since the start of the experiment they did not communicate except 
with choreography movements. Experimenter asked to trainee to follow the motor 
instructions of the trainer, that he was the example to follow. Experimenter requested 
then to realize four times, three following choreographies n°1 when they were ready.   

7 

 Trainer and trainee 
were both in the 
motion capture room 
face to face. 

 At beginning of this condition experimenter asked to trainer to teach the 
choreography number two (trainee did not know this one) to the trainee in the goal 
that he improves the quality of his movements. Experimenter asked to trainee to 
follow the motor instructions of the trainer, that he was the example to follow. 
Experimenter requested then to realize four times, three following choreographies 
n°2 when they were ready.   

Table 44: The 7 phases of the protocol in chronological order 

4.1.4. Movement qualities computation 



4.1.5. Personality and experience assessment 

Figure 67: One coach and one pupil in a face to face condition of the protocol 

4.1.6. Used in this chapter 



4.2. Associations between coaches and pupils behaviors 

Models 
Main effect Post-Hoc 

Task Role Task*Role T4-T5 T5-T6 

 
F p F p F p dif p dif p 

Multivariate 3,875 0,000 4,18 0,002 0,98 0,497 X X X X 

MEAN_ENE 5,678 ,011 ,004 ,950 ,783 ,427 -0,08 ,012 0,06 ,002 

MEAN_IMP 3,863 ,057 ,194 ,662 ,008 ,930 ,031 ,184 ,001 ,316 

MEAN_JER 4,097 ,051 ,028 ,868 ,002 ,967 ,035 ,154 ,000 1,000 

MEAN_SPA 10,575 ,001 ,180 ,674 ,688 ,466 -,016 ,078 -0,01 ,010 

SD_ENE 6,160 ,009 ,363 ,551 ,640 ,479 -0,1 ,004 ,049 ,053 

SD_IMP 3,918 ,056 1,269 ,268 ,017 ,898 ,022 ,164 ,000 1,000 

SD_JER 4,038 ,052 ,699 ,409 ,021 ,886 ,022 ,155 ,000 1,000 

SD_SPA 3,865 ,054 ,886 ,353 ,701 ,417 ,016 ,087 -0,01 ,000 

MPF_ENE 2,782 ,103 ,002 ,967 ,081 ,790 ,114 ,176 -0,04 ,008 

MPF_IMP 1,974 ,155 9,462 ,004 ,003 ,994 -,038 1,000 -,155 ,196 

MPF_JER 5,049 ,023 ,640 ,429 ,188 ,721 -,537 ,168 -,187 ,314 

MPF_SPA 3,891 ,057 ,001 ,971 ,009 ,924 ,204 ,165 -,004 ,382 

Table 45: MANOVA for all behavioral variables with task (Task 4, Task 5 and Task 6) and Role (Coach or Pupil) as 

factors with movement qualities features as dependent variables 

Figure 68: Graphs to visualize the evolution of significant behaviors variables across task 4, 5 and 6 
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Figure 69: Three possible convergence mechanisms from (Hart et al. 2014), the 2D space representing an abstract 

expressivity space (e.g., X axis being energy and Y axis being Smoothness) 



 

Models for   
T4-T5 

Models for   
T5-T6 

 
Task*PT Task*Agree 

 

Task*PT Task*Agree 

 
Task 4 Task 5-4 gain Task 5 Task 6-5 gain 

 

F p F p 

 

r p r p r p r p 

Mutlivariate 1,784 0,11 1,622 0,15 

 

                

MEAN_ENE 5,865 0,02 0,582 0,45 

 

,103 ,549 -0,384 ,021         

MEAN_IMP 3,516 0,07 0,097 0,76 
 

-0,33 ,049 ,306 ,069         

MEAN_JER 3,637 0,07 1,489 0,23 
 

-,322 ,056 ,311 ,065         

MEAN_SPA 1,293 0,26 0,054 0,82 
 

                

SD_ENE 6,34 0,02 1,534 0,22 
 

,238 ,162 -0,396 ,017         

SD_IMP 2,871 0,1 7,17 0,01 
 

-,315 ,061 ,279 ,099 ,139 ,420 -0,417 ,011 

SD_JER 2,924 0,1 6,988 0,01 
 

-,326 ,052 ,281 ,096 ,118 ,493 -0,413 ,012 

SD_SPA 2,491 0,12 1,912 0,18 
 

                

MPF_ENE 2,103 0,16 3,547 0,07 
 

        ,071 ,680 -,307 ,068 

MPF_IMP 1,796 0,19 7,737 0,01 

 

        ,107 ,534 -0,431 ,009 

MPF_JER 1,341 0,26 2,144 0,15 

 

                

MPF_SPA 2,327 0,14 0,002 0,97 

 

                

Table 46: 2 repeated measures ANCOVA where the interaction with an individual difference was significant. When 

significant, correlations with gain scores are reported. 



4.3. Dyad synchrony 

4.3.1. Time window choice 

Figure 70: WCLCA on energy data from task 5 and task 6 with different time windows 



4.3.2. Other qualities synchrony 

Figure 71: WCLCA averaged over all sequence for a) energy b) impulsivity c) jerkiness d) spatial extent 

4.3.3. Global synchrony 

a b c d 



Figure 72: Correlation coefficients (for the WCLCA with the Energy time-serie) averaged over all dyads (n = 18) with 

standard deviations across lags. The blue graph is for real dyads for Task 5, the black graph is for real dyads for Task 6 

and the red graph is for real dyads for Task 4 (back to back). 

4.3.4. Peak picking 
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Figure 73: Example of peak picking in a WCLCA 
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PP_MEAN_LAG 
r 

1 
-0,183 -0,253 0,214 -0,647 0,917 0,332 0,635 

p 0,284 0,137 0,211 0,000 0,000 0,048 0,000 

PP_STD_LAG 
r 

 1,000 
0,310 -0,299 0,454 -0,464 -0,483 -0,203 

p 
 

0,066 0,077 0,005 0,004 0,003 0,236 

PP_MPF_LAG 
r 

  1,000 
-0,330 0,798 -0,276 -0,373 -0,227 

p 
  

0,049 0,000 0,103 0,025 0,184 

PP_MEAN_CORR 
r 

   1,000 
-0,556 0,253 0,943 0,154 

p 
   

0,000 0,137 0,000 0,370 

PP_NBSWITCH 
r 

    1,000 
-0,691 -0,646 -0,443 

p 
    

0,000 0,000 0,007 

PP_PERC_LEAD 
r 

     1,000 
0,416 0,609 

p 
     

0,012 0,000 

CC_MAX_CORR 
r 

      1,000 
0,243 

p 
      

0,153 

CC_MAX_CORR_LAG 
r 

       1,000 
p 

       

Table 47: zero order inter-correlation for the 8 lag variables 

4.3.5. Individual differences in synchrony 



  
Extra 

  
rCo p rPu p r2 p βCo p βPu p βCoPu p 

T5 

PP_MEAN_LAG -0,63 0,01 -0,18 0,46 0,45 0,03 -0,38 0,01 -0,12 0,32 0,07 0,50 

PP_STD_LAG 0,23 0,35 -0,22 0,38 0,12 0,59 0,06 0,39 -0,07 0,35 0,04 0,60 

PP_MPF_LAG 0,24 0,33 0,07 0,79 0,08 0,76 0,02 0,34 0,01 0,74 -0,01 0,64 

PP_MEAN_COR 0,01 0,97 -0,18 0,48 0,03 0,93 0,00 0,96 -0,02 0,53 0,00 0,95 

PP_NBSWITCH 0,39 0,11 0,25 0,32 0,22 0,32 3,00 0,12 1,81 0,31 -0,17 0,92 

PP_PERC_LEAD -0,65 0,00 -0,08 0,77 0,42 0,05 -0,07 0,01 -0,01 0,70 0,00 0,84 

CC_MAX_COR -0,02 0,95 -0,13 0,62 0,02 0,96 0,00 0,97 -0,01 0,68 -0,01 0,81 

CC_MAX_COR_LAG -0,51 0,03 -0,11 0,66 0,28 0,19 -0,76 0,04 -0,13 0,69 -0,11 0,72 

 

Alex 

rCo p rPu p r2 p βCo p βPu p βCoPu p 

PP_MEAN_LAG 0,60 0,01 0,30 0,23 0,50 0,02 0,29 0,01 0,29 0,12 -0,04 0,83 

PP_STD_LAG -0,02 0,94 0,32 0,20 0,12 0,61 0,02 0,74 0,16 0,19 0,07 0,60 

PP_MPF_LAG -0,39 0,11 0,05 0,85 0,21 0,34 -0,03 0,08 -0,01 0,65 -0,03 0,34 

PP_MEAN_COR 0,01 0,98 -0,09 0,73 0,02 0,97 -0,01 0,85 -0,02 0,65 -0,02 0,71 

PP_NBSWITCH -0,44 0,07 -0,09 0,73 0,22 0,31 -2,76 0,12 -1,47 0,60 0,14 0,97 

PP_PERC_LEAD 0,46 0,05 0,18 0,47 0,29 0,17 0,04 0,13 0,03 0,51 -0,03 0,57 

CC_MAX_COR -0,03 0,91 -0,09 0,72 0,02 0,96 -0,01 0,74 -0,02 0,62 -0,02 0,69 

CC_MAX_COR_LAG 0,48 0,04 0,39 0,11 0,47 0,03 0,53 0,07 0,77 0,11 -0,43 0,41 

 

PT 

rCo p rPu p r2 p βCo p βPu p βCoPu p 

PP_MEAN_LAG 0,10 0,68 -0,45 0,06 0,42 0,05 0,12 0,28 -0,51 0,01 -0,31 0,04 

PP_STD_LAG 0,01 0,97 0,03 0,92 0,13 0,57 -0,02 0,79 0,09 0,35 0,12 0,17 

PP_MPF_LAG -0,32 0,20 -0,14 0,57 0,20 0,35 -0,03 0,15 0,01 0,72 0,03 0,24 

PP_MEAN_COR 0,17 0,51 0,41 0,09 0,19 0,38 0,01 0,54 0,04 0,28 -0,01 0,77 

PP_NBSWITCH -0,35 0,15 0,00 1,00 0,26 0,23 -2,97 0,09 2,49 0,31 3,23 0,14 

PP_PERC_LEAD 0,05 0,85 -0,43 0,08 0,41 0,05 0,02 0,40 -0,09 0,01 -0,06 0,04 

CC_MAX_COR 0,19 0,46 0,36 0,14 0,18 0,40 0,02 0,43 0,03 0,50 -0,02 0,49 

CC_MAX_COR_LAG -0,01 0,96 -0,62 0,01 0,60 0,00 0,18 0,47 -1,57 0,00 -0,82 0,02 

Table 48: correlations and multiple regressions with individual differences as predictors of lag variables in task 5 



  
Agree 

  
rCo p rPu p r2 p βCo p βPu p βCoPu p 

T6 

PP_MEAN_LAG 0,14 0,57 0,40 0,10 0,20 0,36 0,04 0,83 0,15 0,19 -0,13 0,44 

PP_STD_LAG -0,16 0,52 -0,38 0,12 0,16 0,48 -0,03 0,77 -0,07 0,21 0,03 0,69 

PP_MPF_LAG -0,55 0,02 -0,20 0,42 0,32 0,13 -0,06 0,03 0,00 0,86 0,01 0,52 

PP_MEAN_COR -0,07 0,78 -0,03 0,91 0,07 0,79 -0,01 0,82 0,00 0,83 -0,03 0,34 

PP_NBSWITCH -0,31 0,21 -0,36 0,14 0,30 0,16 -2,26 0,30 -1,25 0,33 2,88 0,15 

PP_PERC_LEAD 0,20 0,42 0,49 0,04 0,27 0,20 0,01 0,70 0,03 0,09 -0,02 0,45 

CC_MAX_COR 0,03 0,89 0,13 0,60 0,08 0,75 0,00 0,97 0,01 0,75 -0,03 0,35 

CC_MAX_COR_LAG 0,23 0,36 0,33 0,19 0,19 0,38 0,45 0,52 0,38 0,36 -0,63 0,32 

 

Neuro 

rCo p rPu p r2 p βCo p βPu p βCoPu p 

PP_MEAN_LAG -0,11 0,67 -0,21 0,40 0,05 0,85 -0,04 0,81 -0,10 0,45 -0,03 0,81 

PP_STD_LAG -0,24 0,34 0,11 0,68 0,57 0,01 -0,07 0,15 0,01 0,86 -0,17 0,00 

PP_MPF_LAG -0,25 0,31 -0,21 0,40 0,09 0,72 -0,02 0,42 -0,01 0,55 0,00 0,95 

PP_MEAN_COR -0,06 0,81 0,01 0,95 0,04 0,91 -0,01 0,81 0,01 0,82 0,02 0,51 

PP_NBSWITCH -0,03 0,92 0,04 0,89 0,05 0,87 -0,23 0,90 0,01 0,99 -1,38 0,42 

PP_PERC_LEAD 0,09 0,72 -0,11 0,65 0,06 0,82 0,01 0,66 -0,01 0,70 0,02 0,48 

CC_MAX_COR 0,02 0,94 -0,02 0,94 0,07 0,79 0,00 0,93 0,00 0,92 0,03 0,33 

CC_MAX_COR_LAG -0,20 0,42 -0,01 0,97 0,05 0,86 -0,42 0,45 0,03 0,95 -0,18 0,73 

 

Alex 

rCo p rPu p r2 p βCo p βPu p βCoPu p 

PP_MEAN_LAG -0,16 0,52 0,27 0,28 0,26 0,23 0,05 0,69 0,34 0,09 0,38 0,09 

PP_STD_LAG 0,22 0,37 0,58 0,01 0,46 0,03 0,04 0,41 0,17 0,04 -0,08 0,34 

PP_MPF_LAG -0,28 0,26 0,09 0,73 0,30 0,15 -0,03 0,05 -0,02 0,44 -0,06 0,05 

PP_MEAN_COR -0,14 0,57 -0,05 0,84 0,03 0,92 -0,01 0,74 0,00 0,94 0,01 0,74 

PP_NBSWITCH -0,04 0,88 0,06 0,81 0,27 0,21 -1,65 0,24 -1,87 0,43 -5,72 0,04 

PP_PERC_LEAD -0,14 0,58 0,02 0,93 0,17 0,44 0,01 0,78 0,02 0,46 0,06 0,13 

CC_MAX_COR -0,19 0,46 -0,13 0,62 0,09 0,70 -0,01 0,75 -0,01 0,86 0,03 0,47 

CC_MAX_COR_LAG -0,27 0,27 0,31 0,21 0,23 0,28 -0,12 0,78 1,12 0,13 0,96 0,24 

Table 49: correlations and multiple regressions with individual differences as predictors of lag variables in task 6 

 



4.3.6. Discussion 



5. TOWARD A VIRTUAL COACH 

5.1. Goals of the virtual coach 

 

 



5.2. Virtual coach design 

5.2.1. Scanned 3D model  

Figure 74: 3D mesh captured for the woman coach 

5.2.2. Nonverbal behaviors: expressivity and synchrony 

Expressivity 



Synchrony 



5.3. Software architecture 
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