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Background & related work
• Game-oriented learning 

– Interactive and emotional link
CHALLENGE: Achieving Knowledge & Understanding

• Following Design Principles (Malone & Lepper, 1987) & 
Providing Adaptable Guidance
– Intelligent Tutoring Systems (ITSs) 

(Conati & Maclaren, 2009; Blanchard & Frasson, 2006)

• Student Modelling (Wolf, 2009; Sucar & Noguez, 2008)

• Affective Gaming (Sykes, 2006)

Presenter
Presentation Notes
The success of game oriented learning is due to the high level of interactivity provided, which facilitates immediate feedback to the students’ actions. However, their challenge it is to ensure knowledge and understanding. To solve this problem, design principles are followed and Intelligent Tutoring Systems are incorporated to provide adaptable feedback.
The ITS’ module that enables adaptation is the “Student model”, which maps students’ observable behaviour and features to understanding. Therefore facilitating the provision of suitable feedback.
On the other hand, affective gaming is a recent area of research, which is focused on recognise and show emotion during game play 



• Approaches for recognising emotion
• Recognising Physical effects (Sarrafzadeh et al., 2008; D’ Mello 

et al., 2008)
• Reasoning about emotion from its origin (Jaques & Vicari, 

2007)
– OCC Model (Ortony et al., 1990)

• Hybrid approach (Conati & Maclaren, 2009)

• Recognising students’ motivation (Rebolledo-Mendez, et al., 
2006) & self-efficacy (McQuiggan et al., 2008)

• Control-Value theory of Achievement Emotions (Pekrun
et al., 2007)

Presenter
Presentation Notes
There are three approaches to recognise emotion employed in the field of ITSs:
Recognising the physical effects of emotion which involves employing hardware equipment (sensors, microphones and cameras) to recognise features that can be mapped to emotional states. This method employs expert judges or the users’ self-report.
Reasoning about emotion from its origin employs a cognitive theory of emotion, e.g. OCC (Ortony, Clore and Collins) model, which enables computers to reason about the possible causes of emotion  and predict their existence.
A hybrid approach, which is a combination of both.
However, until today there is not a system that identifies accurately the relevant emotions in a learning context.
Researchers have had more success recognising the students’ motivation  and personal disposition (self-efficacy) employing observable behaviour.
Recent research has shown that motivation, cognition and emotion are deeply intertwined , e.g. the Control-value theory of achievement emotions. This theory is a framework that employs cognitive, motivational, affective and physiological factors to determine an emotional state in an achievement or learning context (where activities are performed to attain specific outcomes). This theory will be explained with more detail in other slides.




Research aim
• Creating an emotional student model 

to reason about the learners’ 
emotions from observable behaviour 
during game-play using cognitive & 
motivational variables



Emotional Student Model
• Student modelling involves uncertainty (Sucar & Noguez, 

2008)
– Which emotions must be recognised?
– Which factors & features must be taken into account

Research Approach

Control-value theory

Probabilistic Relational Models approach

Dynamic Bayesian Networks

Presenter
Presentation Notes
Student modelling involves uncertainty, since it is not clear, which emotions must be recognised in a learning context and which factors and features should be taken into account.
Our approach uses as the Control-value theory as a basis to derive Probabilistic relational models, which facilitate the creation of Dynamic Bayesian Networks to predict the student’s emotion. The model is also being validated using a statistical method known as Discriminant Analysis, which allow us to determine, which variables are significant predictors of an emotion and which variables should be removed from the model. This analysis is conducted employing SPSS.



The Control-Value Theory
• Achievement Emotions

– Defined according to the focus & time frame
• Prospective-outcome, activity & retrospective-outcome

– Domain dependent

• Appraisals of control & value are the most relevant when 
determining & emotion
– Motivational, cognitive & physiological variables

Presenter
Presentation Notes
Achieved emotions are emotions that arise in learning or achievement context, where activities are performed to attain specific outcomes. These emotions are defined according to the focus and the time frame. For example, if the student is focused in the task or the outcomes of the task and if the student is looking at the task or the outcomes in the future, present or past.  In our case the focus can be a game challenge (task) and its outcomes. Therefore we endeavour to identify emotions: before, during and after interacting with a game challenge. 
It is important to emphasise that these emotions are domain dependent, i.e. If a student is learning Spanish, his or her emotions will be different that when the same student endeavours to learn Physics.
The theory is based on the assumption that appraisals of control and value are the most meaningful when determining and emotion.
Control  is related to students’ beliefs and skills for performing a specific task or achieving its specific goals
Value is related to the importance of the activity or its outcomes from students’ point of view. 



Time frame/
focus on

Value appraisal Control appraisal Emotion

Prospective/
Outcome

Positive
(Success)
Negative
(Failure)

High
Medium
Low
Low
Medium
High

Anticipatory Joy
Hope
Hopelessness
Hopelessness
Anxiety
Anticipatory relief

Table 1. Summary of the Control-Value Theory by Pekrun et al. [6]

Table 1. Fragment of the Control-Value Theory by Pekrun et al. (2007) 
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Presentation Notes
This table shows the fragment of the Control-value theory related with the time frame before performing a task and focusing on the outcome of the task.  The different combinations of control and value determine and emotional state.
The value indicates if the student is focused on succeeding or avoiding failure



Figure 1. PRM based on the control-value theory.

Figure 2. PRM instance according to
the time frame ‘Before’.
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Presentation Notes
In the top, it is show the Probabilistic Relational Model (PRM) derived from the Control-Value theory, We make an instance of this PRM according to the time frame “Before”.



Figure 3. Prospective-outcome emotions DBN
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Presentation Notes
The Dynamic Bayesian Network that was derived according to the PRM is shown in this figure.



Figure 2. Fragment of PlayPhysics game dialogue based on the AEQ 

Presenter
Presentation Notes
We create a game dialogue to find out the student’s expectations before interacting with the game challenge.
AEQ- Achievement Emotions Questionnaire is a self-report tool designed by Pekrun et al. employing Structural Equation Modeling




PlayPhysics design
• Students find it difficult to understand & apply the underlying 

principles of Physics

• PlayPhysics uses Olympia architecture (Muñoz et al., 2009)

• Olympia will be modified to recognise the students’ emotions 
& provide pedagogical actions, which involve emotional 
responses delivered through game elements

• The most difficult topics in an introductory Physics course 
were identified through an online survey 
– Trinity College Dublin & Tecnológico de Monterrey . 

• The story-line of PlayPhysics is a space adventure

Presenter
Presentation Notes
The most difficult topics were vectors, Newton’s laws for particles and rigid bodies and principles of linear and circular kinematics




First Challenge
• Involves piloting a spaceship to Athena by applying knowledge about 

vectors, principles of linear and circular kinematics and Newton’s laws for 
particles and rigid bodies.

• Unity Game Engine, 3D Studio Max, JSPs, Servlets, Elvira  & Hugin Lite

Figure 4. PlayPhysics first challenge GUI Figure 5. PlayPhysics Player-characters
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The spaceship’s initial position and velocity relative to Athena are randomly initialised to avoid memorisation and triviality. The student can explore the effects of varying the spaceship’s mass and rotational inertia, and forces and torques of relevant driving motors. 
The main goal is to calculate appropriately linear and angular accelerations and decelerations achieved by the spaceship in order to arrive successfully at Athena.




Evaluation & Results
Pre-test & 

Knowing result
Answering Game-

dialogue

Comparison 
between reported 

emotion & 
inferred emotion

•Evaluation of the Prospective-outcome emotions DBN

Presenter
Presentation Notes
28 students at ITESM-CCM. PlayPhysics is recognising Hope in 12 out of 14 cases. However, we need a bigger population of students, since some emotions are not reported with enough frequency to make a statistical analysis that shows significance, such as Chi-square. 



• Some students did not know how to classify the emotion that they were 
feeling (confidence & effort)

• The confidence reported by the student correlated poorly with question 5 of 
the game-dialogue, therefore question 2 will be used , which improves the 
correlation. 

• Some probabilities in the Conditional Probability Tables (CPTs) need 
improvement. Therefore the data obtained from this test will be used to 
adjust the probabilities. 

• Also the data obtained is being analysed with Discriminant Analysis to 
remove variables and dependency links that are not necessary.

• Further tests with a larger population of students are necessary
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A student said that he felt anxious, but not in a wrong way. Therefore we decided to include a description of the emotions in the context, since there is not a universal classification of emotion.



Conclusion & future work
• Design of an Emotional student model that reasons about 

emotion during game-play using cognitive and motivational 
variables

• A PRM approach & as a basis the Control-Value theory of 
achievement emotions 

• The results show promise when evaluating the prospective-
outcome emotions DBN. However it will be necessary to 
conduct further tests with a larger population of students and 
with the other DBNs once the implementation of the first 
challenge is completely finished

Presenter
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Also we are looking to the incorporation of Physiological variables, such as Galvanic Skin Response (GSR), into our model in order to improve the classification accuracy.



Questions

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

http://www.infm.ulst.ac.uk/~karlam�
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