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Aims & objectives
• Create an emotional student model that can reason 

about students’ emotions using Control-Value theory 
(Pekrun et al., 2007) as a basis

• Provide & select suitable pedagogical and emotional 
feedback

• Design, implement & test PlayPhysics, an emotional 
game-based learning environment for teaching Physics 
at undergraduate level
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Background & literature review
• Game-oriented learning (Oblinger, 2004; Bergeron, 2006)

How to achieve & ensure effective learning?
• Intelligent Tutoring Systems (ITSs) & Student Modelling

• Emotion & education (Pekrun et al., 2007)
– Cognition, motivation & education deeply intertwined
How emotion arises? What emotions are relevant to learning?

• Affective computing and affective gaming 
(Sykes, 2006;  Picard et al., 2004)
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• Approaches to recognising emotion
– Recognising physical effects 

(Sarrafzadeh et al., 2008; D’Mello et al., 2008)
– Reasoning about emotion from its origin (Jaques & Vicari, 2007) 
– Hybrid approach (Conati & Maclaren, 2009)

• Recognising students’ motivation  
(Del Soldato & Du Boulay, 1995; Rebolledo-Mendez et al., 2006)

• Recognising students’ self-efficacy (McQuiggan et al., 2008)

• Control-value theory of achievement emotions (Pekrun et al., 2007)
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There is currently no computational & 
emotional model using this theory



Research methodology
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Select random variables
(Students’ observable 
behaviour & beliefs)

Hypothesis
“Random variables are related to students’ 

control & value appraisals”
Derive  Probabilistic Relational Models 
(PRMs) & Dynamic Bayesian Networks 

(DBNs)

Students interact 
with PlayPhysics 

Random variables 
are followed & 

observed 

Multinomial Logistic 
regression 

Select most relevant 
predictors,  adapt 

DBNs structure and 
probabilities in CPTs

Incorporate 
final model into 

PlayPhysics

Answers during in-game dialogue



Control-value theory
• Achievement emotions  (Pekrun et al., 2007)

– Domain dependent, uses motivational, cognitive & 
physiological variables

– Defined according to focus & time frame: outcome-prospective, 
activity & outcome-retrospective emotions

• Control and value appraisals -> the most relevant to determining an emotion
– Control related to students’ beliefs & skills (task)
– Value related to the importance of the activity & outcomes
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Focus on/
Time frame

Value appraisal Control appraisal Emotion

Outcome/
Prospective

Positive
(Seek Success)

Negative
(Avoid Failure)

High
Medium
Low
Low
Medium
High

Anticipatory Joy
Hope
Hopelessness
Hopelessness
Anxiety
Anticipatory relief



Emotional student model
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Fig. 1. PRM schema derived using the Control-Value theory as a basis.
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Fig. 2. Detailed PRM classes



10Fig. 4. Outcome-prospective emotions DBN



Selecting variables
• Achievement Emotions Questionnaire (AEQ) (Pekrun et al., 2005)

– Structural Equation Modelling -> 389 students (Psychology)
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Confidence: attitude towards possible level of performance

Fig. 3. Fragment of AEQ Questionnaire



Variables for time frames: 
during & after

• From student models of motivation (Del Soldato & Du Boulay, 1995) 
& self-efficacy (McQuiggan et al., 2008)
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Outcome Time spent on 
each challenge

Level of difficulty 
perceived by the student

Publish 
final result

Number of times 
the student asked 
for help

Time effectively 
invested (focused)

Number of times 
the student quit

Average time 
required to solve 
problems and 
achieve goals

Number of times 
the student 
received help

Time since the 
student achieved a 
goal

Number of total attempts 
(Times restarted)

The rate of goal 
achievement

Time without 
succeeding

Quality of tutor’s 
feedback

The rate of student’s 
effectiveness



PlayPhysics design & implementation
• Olympia architecture (Muñoz et al., 2009)

• Incorporate into Olympia our emotional student model
– Provide adaptable pedagogical and emotional feedback 

(game-elements)

• Identification of the most difficult topics in an introductory Physics  course
– Online survey -> Tecnológico de Monterrey, Mexico City, Trinity College 

Dublin & Queen’s University Belfast
• Vectors, principles of linear & circular kinematics & Newton’s laws 

for particles and rigid bodies

• PlayPhysics is a Role Playing Game (RPG) & space adventure

• Student achieves game goals using his|her Physics knowledge & 
understanding 
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15Fig. 5. Sample PlayPhysics game dialogue on student’s self-efficacy



First level
• Docking the spaceship (Alpha Centauri) with the Space station Athena 

– Vectors, linear & circular kinematics & Newton’s laws for particles & 
rigid bodies

• Interaction in first person

• Game challenges designed by Astrophysics domain expert (ITESM-CCM)

• Developed with Java, the Unity game engine, 3D Studio Max & Hugin Lite

• Four phases for accomplishing the mission (4 challenges)
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Fig. 6. PlayPhysics screenshot of the first level

Fig. 7. Player characters



• The robot “M8” is the students’ learning companion
– Provides domain feedback
– Reacts to the student’s self-reported emotional state
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Fig. 8. M8 learning companion 
characterised from Max 
created by Peter Starostin

Student emotion M8 behaviour
Anger M8 makes a scared 

and sorry face
Frustration It is similar to when 

feedback is asked  
-> M8 offers help

Enjoyment M8 agrees and 
says “I am also 
having fun”



Preliminary results & evaluation
• 61 students of Engineering -> ITESM-CCM 

– (37 males & 24 females, aged18 to 23) 

• Procedure:
1. Solve pre-test 
2. Interact with PlayPhysics in-game dialogue
3. Students self-report emotion before starting 

PlayPhysics’ first level
1. Transform each emotion into-> control & value
2. Analyse variables -> Multinomial Logistic Regression (SPSS)

• Two variables were identified as best predictors of 
category membership
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Dependent 
variable

Predictors Significance
(p-values)

Odds
ratios

95% C.I.
(confidence 
intervals)

% cases 
correctly 
classified

Value Confidence: 
attitude towards 
the possible level 
of performance

0.002 6.000 1.957-18.398 70.5

Control Attitude beliefs 
towards Physics

0.021 7.885 1.364-45.577 88.5

66.67%
75%
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Fig. 9. Outcome prospective emotions DBN according to 
Multinomial Logistic Regression 



Relation to other work
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Project plan
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Conclusion & future work
• Creating an emotional student model -> reason about observable behaviour 

& answers during in-game dialogue
– Control-Value theory, DBNs & PRMs

• Evaluation of the outcome-prospective emotions DBN was undertaken 
(61 students) -> overall accuracy of 70.49% 
– effective identifying neutral & negative emotions

• Multinomial Logistic Regression: validate categories, dependencies & CPTs

• Future work
– Conduct further experiments with the other two DBNs
– Complete implementation of PlayPhysics’ first level
– Incorporate refined model into PlayPhysics -> adapt feedback
– Explore incorporation of biofeedback signals (galvanic skin response)
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Questions

http://www.infm.ulst.ac.uk/~karlam
munoz_esquivel-k@email.ulster.ac.uk

28

http://www.infm.ulst.ac.uk/~karlam�

	An Emotional Student Model for Educational Gaming
	Outline
	Aims & objectives
	Background & literature review
	Slide Number 5
	Research methodology
	Control-value theory
	Emotional student model
	Slide Number 9
	Slide Number 10
	Selecting variables
	Variables for time frames: �during & after
	PlayPhysics design & implementation
	Slide Number 14
	Slide Number 15
	First level
	Slide Number 17
	Slide Number 18
	Preliminary results & evaluation
	Slide Number 20
	Slide Number 21
	Relation to other work
	Project plan
	Publications & presentations
	Slide Number 25
	Thesis outline
	Conclusion & future work
	Questions

