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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




Background & literature review

e 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




« 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

There is currently no computational &
emotional model using this theory



Research methodology

Answers during in-game dialogue

Hypothesis

Select random variables “Random variables are related to students’
(Students’ observable control & value appraisals”

behaviour & beliefs) Derive Probabilistic Relational Models
(PRMs) & Dynamic Bayesian Networks

Multinomial Logistic
regression

Incorporate Select most relevant :
final model into oredictors, adapt Random variables

PlayPhysics DBNSs structure and are followed &

Students interact
with PlayPhysics

hrobabilities in CPTs observed




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

Focus on/ Value appraisal Control appraisal | Emotion
Time frame
Outcome/ Positive High Anticipatory Joy
Prospective (Seek Success) Medium Hope
Low Hopelessness
Negative Low Hopelessness
(Avoid Failure) Medium Anxiety |
High Anticipatory relief
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Selecting variables

» Achievement Emotions Questionnaire (AEQ) (Pekrun et al., 2005)
— Structural Equation Modelling -> 389 students (Psychology)

Fig. 3. Fragment of AEQ Questionnaire
BEFORE STUDYING

The following questions pertain to feelings you may experience BEFORE studying. Please indicate

how you feel. typically, before you begin to study.

Strongly Strongly
Disagree Agree
1 2

I look forward to studying.

I get so nervous that T don’t even want to begin to study.

I feel confident that I will be able to master the material.
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Variables for time frames:
during & after

* From student models of motivation (Del Soldato & Du Boulay, 1995)
& self-efficacy (McQuiggan et al., 2008)

Outcome Time spent on Level of difficulty Publish
each challenge perceived by the student | final result

Number of times Time effectively Number of times Average time




PlayPhysics design & implementation

« Olympia architecture (Mufioz 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 -> Tecnologico de Monterrey, Mexico City, Trinity College
Dublin & Queen’s University Belfast

e Vectors, principles of linear & circular kinematics & Newton’s laws
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an MoCarthy

T_' To accomplish your mission you have to use your
. knowledge on the topics of vectors, the

8 principles of linear and circular kinematics and
MNewton's laws for particles and rigid bodies.
What do you think? Do you think that you can

_ make it?
First Lieutenant Munoz
IIIII b
r_' A. Yes, | have no doubt, | will succeed. | will
h handle the situation.
""15 B. Well... | do not know if | will succeed ar fail.

I will try to handle the situation.

C. Well... may be | will fail, since those topics
are difficult, but | will try to handle the
situation anyway.

Fig. 5. Sample PlayPhysics game dialogue on student’s self-efficacy 15



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)




Fig. 6. PlayPhysics screenshot of the first level

Fig. 7. Player characters
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 The robot “M8” Is the students’ learning companion

— Provides domain feedback
— Reacts to the student’s self-reported emotional state

Student emotion M8 behaviour

Anger M8 makes a scared
and sorry face

Frustration It is similar to when
feedback is asked
-> M8 offers help




Preliminary results & evaluatlon

e 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




Dependent Predictors Significance 0Odds 95% C.I. % cases
variable (p-values) ratios (confidence  correctly
intervals) classified

Control Attitude beliefs 0.021 7.885 |[1.364-45.577 |88.5
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Relation to other work
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Comparison of emotional student modelling
Research | Tutoring [ Education technologies Teaching Selected features | Online| Al technique to |Recognised affective| Approach affect recognition| Targeted educational level Affective states | Using as a basis
modelling subject recognise features
emotions
[Ts'| |A? | Educational game | VLE® Moods [Emotions| Identifying | Predicting | Primary | Undergraduate
physical |emotionfrom| Level Level
effects its origin
Chalfounetal | v | * * v Emotonal | Observable behaviour | v |Decisiontree with| % v ® v disappoiniment, 0CC model
(2006) Inteligence, ID3 algorithm distress, joy, refief,
Sports & other & safistacion and fear
areas of general genreation of
knowledge rules
Nej&Ben | * | v * ¥ |Communicatons|  facial gestures v Mutt agent * v v * * v satisfaction, confidence, | Ekman & Friesen
Ammar technology system surprise, confusion
(200M) & frustration.
Jaques& | x| v ® v Observable behaviour Agent system * v ® v satisfacton/disappointm | OCC model
Vican ent joy/distress,
(2007a) gratiude/anger &
pride/shame
Sarrafzadeh | v | = ® 4 Maths facial gestures & body [ v ANN? x 4 v * 4 X boredom, confusion, | Ekman & Friesen
etal language & frustration, inatienton & | Justine Cassel
(2008) VM anxiety
DMelloetal | v | * * v Newtonian Writen natural x Supervised v x v * * v Frenquently observed | Ekman & Friesen
(2008a) Physics, language, facial learning methods affective states: & other
Computer gestures & body & boredom, engagement | approaches fo
Literacy & Criical language LSAP confusion and identy affectve
| Thinking frusiration patems(ANNs®) |
Conatd | v | * v v Maths Biometrics %[ Dynamic belief * v v v v * Joyldistress & OCC model
Maclaren networks and admirafion/reproach
(2009) Infuence
diagrams
Mufozetal | v | * v v Physics Observable behaviour | v Dynamic * v * v * v Achievementemofions | Control-value
(2008- 2011) & answers to posed Bayesian theary by Pekrun
questions networks etal. (2007)




PrOJect plan

| 2008 2009 2010 2011
Oct-Dec Jan Mar Jan-Mar |Apr-Jun  |Jul-Sep |Oct-Dec |Jan-Mar |Apr-Jun  |Jul-Sep

Activities

Literature Review: Background and focal theory

Graduate Research Schaool Training

100 Day Review report and viva

39th Annual Conference, Frontiers in Education (FIE)

Preparing a survey to find functional and non-functional requirements and
Justify the execution of the research

Applying the survey

International Symposium of Electronic Arts (ISEA 09)

Selecting the tools to develop the web application

Selecting the tools to develop the 30 design of the educational game
Selecting the tools to manage and produce sound
Selecting the tools and methodologies to recognise aspects of emotion

Selecting the tools and methodologies to recognise aspects of personality
Selecting the Al tools to implement the enhanced student and adaptable tutor
model

Testing the viability of the research work by carrying a pilot study
Designing PlayPhysics

Confirmation report and viva

2™ year poster presentation

Developing and Implementing PlayPhysics

Testing and deploying the PlayPhysics

Experimentation over the subject sample

Data collection and analysis

Writing up book chapter for Springer

Elsevier Journal of Computing & Education

3" year presentation
Writing up thesis
Submission of thesis




Publications & presentations
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doi:10.1016/j.entcom.2010.12.006

Book chapters

Mufoz, K., Mc Kevitt, P., Lunney, T., Noguez, J., Neri, L. (2011b) Affective Educational Games and
the Evolving Teaching Experience. In M. Cruz-Cunha, V. H. Carvalho & P. Tavares, (Eds.)
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Thesis outline
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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




Questions



http://www.infm.ulst.ac.uk/~karlam�
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