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This character barges into your office when you’re busy. He 
doesn’t apologize, and doesn’t notice you are annoyed.

He offers you useless advice.
You express more annoyance.  He ignores it.

He continues to be unhelpful. The clarity of your emotional 
expression escalates.

He ignores it.             

(this goes on)                                                  

You finally tell him “ Go Away”

He winks, and does a happy little dance before exiting.



…doesn’t notice you are annoyed. 

[Doesn’t recognize your emotion]

You express more annoyance.  He ignores it. 

[Doesn’t respond appropriately to emotion]

He winks, and does a happy little dance before exiting.

[Not clever about expressing emotion.]



No matter how intelligent a tutor 
or companion is, it will eventually 
become annoying if it does not 
have emotional intelligence.

Conjecture:



• Expressing emotions
• Recognizing emotions
• Handling another’s emotions
• Regulating emotions    \
• Utilizing emotions         /

(Salovey and Mayer 90, Goleman 95)

Skills of Emotional Intelligence:

if “ have emotion”



Maybe this video was made after his ITS erroneously 
“corrected” him one time too many, without 
acknowledging how frustrating this is…

http://gpmb.shacknet.nu/movies/Humor/thumbs_d/md_badday_mpg.html



Recent progress developing learning companions and 
beginning to craft affective learning interactions …

Tak-Wai Chan: proposed Simulated Learning 
Companion in 1988

H. Pain, A. Graesser et al., A. Baylor, C. Conati, 
G. Aist,  J. Mostow, B. Kort, R. Reilly, H. 
Prendinger, M. Ishizuka, J. Gratch, S.
Marsella, L. Johnson, J. Lester et al., E. 
Aimeur, C. Frasson, R. Nkambou, C.
Breazeal, J. Bates, W. S. Neal Reilly, M.
Mataric & M. Nicolescu, W. Burleson, T. del 
Sodato & B. du Boulay, and more. 



• Expressing emotions
• Recognizing emotions
• Handling another’s emotions
• Regulating emotions    \
• Utilizing emotions         /

(Salovey and Mayer 90, Goleman 95)

Skills of Emotional Intelligence:

if “ have emotion”



Based on learning event:

Smile if user chose correct answer

OK if user pleased, but what if she 
is irritated and confused…?  

Intelligent expression needs 
more than event information:



• Expressing emotions
• Recognizing emotions
• Handling another’s emotions
• Regulating emotions    \
• Utilizing emotions         /

(Salovey and Mayer 90, Goleman 95)

Skills of Emotional Intelligence:

if “ have emotion”



Example where “emotion recognition” is useful:  
Automated assistant observes both cognitive and 
affective events and responds to joint combination

He’s making 
mistakes but he 

seems to be 
enjoying exploring 
– I’ll not bother him



Hmm…now he 
looks pretty 

frustrated, I’ll give 
him a bit longer; it’s 

good for him to 
learn to persevere

Example where “emotion recognition” is useful:  
Automated assistant observes both cognitive and 
affective events and responds to joint combination



Example where “emotion recognition” is useful:  
Automated assistant observes both cognitive and 
affective events and responds to joint combination

Upset a while –
high P(quit) now – if 
he doesn’t ask for 

help in a few 
seconds, I will 

speak up.  



Emotion is like weather, always there:

Continuous:  Wind velocity, humidity, temperature, 
barometric pressure, precipitation

81 °F / 27 °C Partly CloudyHumidity: 79% Dew Point: 73 °F / 23 °C Wind: 6 mph / 
9 km/h from the South  Pressure: 29.80 in / 1009 hPa Heat Index: 85 °F / 30 °C Visibility: 

6.2 miles / 10.0 kilometers UV: 0 out of 16 Clouds: Few 1300 ft / 396 m 
(Above Ground Level)Raw METAR AviationFlight Rule:VFR (RCTP)Wind Speed:

6 mph / 9 km/h , Wind Dir: 190° (South) Ceiling:Unlimited

Discrete:  Storm, tornado, blizzard, hurricane, typhoon

Should you recognize discrete states like anger or joy, 
or continuous changes like skin conductance and 
face and posture movements? 



• Expressions, behaviors
“Flared nostrils, tightened lips, a quick sharp gesture, 

skin conductivity=high; probably she is angry ”

• Situation & common-sense reasoning
That was an important goal to her and Bob just 

thwarted it again.  She is likely to feel angry toward 
Bob

“  Emotion recognition”



Theory addresses these “ basic emotions”

anger, contempt, disgust, fear, interest, happiness, sadness, surprise

Which emotions occur in learning?     
There is no theory (yet) to address them 

-

Observed from 16 children playing The Incredible Machine:

amused, anguished, annoyed, anxious, astounded, attentive, awed,
bewildered, bored, confident, confused, curious, determined, 

disappointed, dispirited, distracted, disturbed, doubtful, eager, elated, 

embarrassed, encouraged, engaged, exasperated, excited, frustrated, 
happy, hopeful, humiliated, impatient, inattentive, insecure, interested, 

mistrustful, overjoyed, perplexed, pleased, puzzled, relieved, satisfied, 

spacey, surprised, unimpressed, withdrawn, worried,...



Proposed “ simplest set”  for an ITS to start with.  Each of us is
born with these 3, while many other affects develop later.



The Affective Learning Companion infers and 
responds to a student’s  affective state –
watching especially for signs of frustration and 
boredom that may precede quitting, for signs of 
curiosity or interest that tend to indicate active 
exploration, and for signs of enjoyment and 
mastery, which might indicate a successful 
learning experience.

ITS is more intelligent even if can recognize only:
interest (boredom) 
distress (frustration) 
pleasure (enjoyment)



Postural movements give strong 
indications of interest and boredom
(found via machine learning of 
affect states labeled by teachers)
(Mota and Picard, CVPR HCI Wkshp 2003)

Sit upright Lean Forward Slump Back Side Lean



Boredom Interest

Dynamics of moving among the positions 
matters more than static position



Sensor chair is so far the most 
significant channel for 
discriminating interest level

Results (on children not in training data, Mota and Picard, 2003):
69-83% accuracy recognizing if child is in state of:
High Interest, Low interest, Taking a Break



Fully automatic computer recognition of six upper facial 
“action units” (sans calibration or human initialization), head 
nods, shakes, and mouth fidgets (Kapoor and Picard, 2001 & 2002)



Can companion perceive complex 
cognitive-affective states e.g., before 
interrupting?

� � � � � � � � � �	 � �
 �
� � � � � �
 
 �� � � � �

� � 
 � � 
 � � � � �
 � � �

 � � � �	 � 
 � � � � �
� � � 
 � � �� � � �

� � � �� � �� �	 
 �� 	 � � � 
 � � ��� � � � � � 
 � 
 � � � � �� � � �
 � � � 	 � �� � �
� � 	 � � �� � � � � ��� � � � � �

� 	 � �
 � �	 � � �� �� � � �	 � �
� � 
 � � � � � �	 � � � 
 �



� 	 � � �� � �
� � � � � ��
� � � � � �
� � � � � � � �

� � � � � � � � � � 	 � 


� 	 � � 
 � � � 	 � 



 � � � � � � � � �

� � 	 � � 	 � 


� � � � � �

� � � 	 
 � � �
� 	 � � � � � 
 � � �� �
 �� ��� � �

! �� � � � 
 	 � �� �
! �� � 	 � 
 � � �� �
! �� �� � ��� � �

� � " �� �
� � 
 �	 � �
� � � 
 � � � � �
� � � � 
 � � � � � # 
 	 	 � �� �

� � 	 	 � �� �
$� �� " �� �
$� 	 � � � � 
� �

# � 
 
�� �
� 	 � 
� � � �
%� � � � �� � �
%� � � 
 �

Affective-Cognitive Mental States
#� 
 	 � &� 	 � � � �� � �� �' ��� %$� � � �( ) � ) � ( � * �� ) + $( ) ,�� � � #( � ! - )

� 
 � � � 	 � 


� � � � 
 � �� �
� 	 � � �� � � �
� � 
 � � � � � �
� � 
 �



� � � � � � � � � � �
 � �
� � � � � �
 �

� � � 
 � � � 	 � �
� 	 � �� � � �� 


� � � �� �� � � � � � � � �
� � � � � � � �� 


� � � 
 � � � � � � �� ��
� � � �� 
 � � 
 �� �
� � � � � 
 �� �� 


� � � 
 � � � � � � �� ��

 �	 � �� � �
� � � � � 
 �� �� 


� � 
 � � �� 	 � � � � �
�
 � � � � 
 � �

� � � � �  � � �
� � � � �
 �

� ! � � � � � � �	

� " � � � � �� � 
 � � �� " #� �� � � �� 
 � $ � 
 � �� 	 �� 
 	Inferring Cognitive-Affective State from 
Facial+Head movements (el Kaliouby, 2005)

%� � � � �
� � � � � �� 	 &

' � � � �

( �	 � � � � �



Accuracy classifying six states: 
computer scores in top 6% of people

� � � � 
 � � � �	 
 �� � � � ��	 
 �. / �� � 	 � ��
� � � 
 � � � �0�12'13

� � � � 
 � � � �	 
 �� 	 � � � � � 
 �
� � � 
 � � � �0�45'13

� � � � � � 
 �� � � � �. 6�	 
�. / �� � � � ��� � � �



Mouse pressure may increase with frustration, distress

Linked frustration to risk factors for wrist problems (Dennerlein, et 
al., International Ergonomics Association ’03)

Pressure 
Sensitive 
Mouse



Test bed:  Learning companion that senses 
and responds to multiple affect channels
(Burleson, Picard, Perlin, Lippincott, 2004)



• Expressing emotions
• Recognizing emotions
• Handling another’s emotions
• Regulating emotions    \
• Utilizing emotions         /

(Salovey and Mayer 90, Goleman 95)

Skills of Emotional Intelligence:

if “ have emotion”



Agent can assess through self report as well.  
How should it respond if somebody clicks on 
“I’m frustrated” ?



Empathy is a powerful way to respond, showing 
understanding and respect for the user’s feelings, and
helping the user move past negative feelings.









Results when agents handle emotion by 
showing empathy in context of frustrating 
experience:

Users engage with frustrating task significantly 
longer after empathetic response than after 
control responses (Klein et al. 1999, 2002)

Users have immediately lowered stress level
(via skin conductance) after empathy and after 
apology (Prendinger et al. 2003 & 2005)



Handling emotions well improves performance.

Here, agent talks with automobile driver:    
Matching the voice to the driver state works best.

4.73.94.25.8Minutes driver 
spoke 

6.39.68.32Number of  
accidents

Upset

Subdued

Upset

Enthused

Happy

Subdued

Happy

Enthused

Driver Affect: 
Agent Voice:

Jonsson, I.-M. and Nass, C. (2004) Effects of driver emotion and 
car voice emotion on actual and perceived driving performance.  
Stanford CA:  Stanford Univ.



LONG-TERM handling of social-emotional interaction is important. 
Idea: Relational Agent, a software character that deliberately 
tries to build a long-term social-emotional relationship with you

Experiment: Build a Relational Agent that people interact with 15-30 
times over a month; compare it to “non-relational” agent that otherwise 
looks and acts the same.  (Bickmore and Picard, TOCHI 2005)



Relational Skills include:

• Being happy to see you
• Sensitivity to your affective state 

-Empathy and understanding

• Remembering previous interactions
– What you liked/disliked, etc.

• Immediacy behaviors
– Knowing when to move close/away



Social-emotional relationship, especially 
appearance of caring impacts learning

People perceived the relational agent as 
significantly more “caring” (assessed 
after both 7 days and 27 days), than 
did those who interacted with the non-
relational agent. (Bickmore & Picard 2005)

The influence of a “caring” teacher is a 
significant predictor of motivation and 
learning.  (Wentzel, 1997; Pianta, 1992; 
Wentzel and Asher, 1995; Birch and Ladd, 
1996)



• Expressing emotions
• Recognizing emotions
• Handling another’s emotions
• Regulating emotions    \
• Utilizing emotions         /

(Salovey and Mayer 90, Goleman 95)

Skills of Emotional Intelligence:

if “ have emotion”



“Galvactivator”
makes skin 
conductance 
visible, allowing 
learner to see how 
arousal interacts 
with learning

Arousal predicts 
memory and 
attention  

Simple affective technologies can 
help learners self-regulate  



Example:  Out of the lab and into 
learner’s classrooms & homes

“Today I noticed something really 
important about my learning 
style because we were taking 
notes most of the class for 
about 20 minutes, I guess.  

And while doing the notes, while 
writing everything, the light 
went completely out 

And then all of a sudden when we 
started discussing all the 
notes and what was going on 
in the math it lit up again…” –
C. (10th grade)

(work with J. Scheirer and 
R. Goldman-Segall)



Can an affective agent that mirrors learner 
state improve learner’s self-reflection and 
learning meta-skills?

Active study by Burleson w/children ages 11-13:

2 X 2:  Affective mirroring (from Sensors vs. Script)
Support (Empathic vs. Domain)

Examine influence on frustration, perseverance, self-
theories of intelligence, motivation



• Expressing emotions
• Recognizing emotions
• Handling another’s emotions
• Regulating emotions    \
• Utilizing emotions         /

(Salovey and Mayer 90, Goleman 95)

Skills of Emotional Intelligence:

if “ have emotion”



Human behind curtain of reading tutor: 

Boys persisted on average twice as long with emotional scaffolding as 
without in use of otherwise automated Reading Tutor (Aist et al, 2002) 

Fully-automated agents:

Empathy improves persistence (motivation) (Klein et al. 1999, 2002)

Empathy lowers stress during interaction (Prendinger et al. 2003 & 2005)  

Relational skills improve long-term ratings of caring, trust, respect desire to 
keep using, and more (Bickmore & Picard, 2003)

DIFFICULTY:  GETTING SYSTEM TO AUTOMATICALLY BOTH 
RECOGNIZE AND RESPOND

How have the (very limited) affective abilities 
implemented so far been shown to help, beyond 
well-known persona & likeability effects ?:



Future Challenges

Prediction #1

A learning companion that is perceived 
as “caring” toward the learner will out-
motivate one that is perceived as 
neutral toward the learner.



Future Challenges

Prediction #2:  

Affective learning companions can 
contagiously excite learners with 
passion for a topic, leading to greater 
efforts on the part of the learner to 
master the topic.



Future Challenges

Prediction #3

Empathetic agents will help learners 
persevere longer through episodes of 
learning that are frustrating. 



Summary

Implement skills of emotional intelligence (much harder 
than making companions that ‘appear emotional’)

Intelligence requires RECOGNIZING and 
RESPONDING to learner emotion – full loop

Multiple channels provide affective information, but it is 
noisy (people are also far from perfect at recognition)

Balance:  Cognitive + Affective
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