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Abstract: The current level of development in Intelligent Tutoring Systems 
(ITS) ensures successful cognitive support. However, a number of studies sug-
gest that learning outcomes are significantly influenced by a complex interac-
tion between cognitive and affective states of learners. Little research has been 
done to investigate the effectiveness of learning with the help of affect-aware 
ITSs. Recently used approaches to affect recognition rely on facial feature 
tracking and physiological signal processing, but there is no clear winner 
among them because of the complexity and ambiguity associated with the task 
and the low-level data interpretation. The goal of our project is to develop a ro-
bust way of affect recognition for creating affect-aware pedagogical agents with 
the view to improve learners’ engagement, motivation and learning outcomes. 

1  Introduction 

The semantic component of social interaction, most frequently expressed as speech, is 
often accompanied by the affective (otherwise known as emotional) component of so-
cial interaction; this is considered equally or sometimes even more important then the 
semantic component [1]. Although people are not always aware of how their lan-
guage, posture, facial expression and eye gaze convey their emotions, these underpin 
people’s interaction and navigation in the social world [2]. People also have a propen-
sity to interact with computers in a social way, as if they were other people [3]. This 
undermines the idea that computers are merely neutral tools and emphasises the im-
portance of the social relationships that can and will develop between a computer and 
a user. A better understanding of these relationships is essential for building of 
smarter tools for learning. For tasks fundamentally social in nature, a failure to in-
clude the emotional component in human-computer interaction (HCI) is potentially 
trimming the bandwidth of the communication channel. By ignoring human nature, 
computers force their users to act as if they too were machines; this contradicts the 
main assumption guiding HCI research [4]: “People should not have to change radi-
cally to ‘fit in with the system’; the system should be designed to match their require-
ments”. 

The rest of this paper presents a Master of Science thesis project aimed at enabling 
an Intelligent Tutoring System (ITS) with affective awareness. Section 2 introduces 
prior research underlying our work. Section 3 outlines our approach and current state 
of our project. Section 4 concludes the paper with the plans of our further research ef-
forts. 



2  Background Research 

Researchers have been grappling with the question of what appropriate behaviour is 
on the part of an interactive learning environment. Since etiquette is highly context-
dependent, what may be appropriate in one situation, may be inappropriate in another. 
Frequently mentioned in HCI solutions to avoid a user being swamped by negative af-
fect include either (a) trying to determine and fix the problem causing the negative 
feelings, and/or (b) pre-emptively trying to prevent the problem from happening in the 
first place [5]. Etiquette considerations in educational HCI are complicated by the fact 
that learning from a computer is not just about ease of use. Learning can be frustrating 
and difficult because it implies exposing learners’ errors in thinking and gaps in their 
knowledge. Therefore, there are some fundamental differences between general HCI 
etiquette and etiquette for educational HCI. Cognitive psychology theory of learning 
from performance errors suggests that errors are an inseparable component of a learn-
ing process [6]. Error correction, in fact, has a critical significance for the improve-
ment of future performance. 

The foundation of our project is the research on applications of AI in Education. 
Learners vary in their amount of prior knowledge, motivation, learning style, natural 
pace and working memory capacity. Consequently, a uniform predefined instructional 
sequence can not provide the optimal learning environment for all learners. Educa-
tional research results published over two decades ago single out one-to-one tutoring 
as the most effective model of instruction [7]. Its success is based on the ability of 
human tutors to adjust their feedback based on their interaction with the learner. Real-
life human tutors under one-to-one tutoring conditions are aware of the learner’s cog-
nitive state; this aspect of tutoring has been successfully captured by ITSs. 

2.1  Intelligent Tutoring Systems 

ITSs are task-oriented problem-solving environments designed for learning support in 
specific instructional domains. The capability of individualised instructions in ITSs 
hinges on the interaction of the target knowledge domain model, usually described as 
the expert module, and the model of the learner’s knowledge, usually described as 
student model. Student models are maintained and updated by the ITS through inter-
action with the student; the ITS infers the relevant changes to the mental model of the 
target domain knowledge. There have been many approaches to student modelling in-
cluding overlay models, perturbation models, models based on machine learning, and 
more recently, constraint-based models [8]. ITSs are known to improve learning per-
formance by 0.3-1.0 standard deviations in a variety of target knowledge domains. 
For example, SQL-Tutor, an ITS for teaching Structured Query Language (SQL) for 
databases, improves performance by 0.65 standard deviations in just two hours of in-
teraction with the system [9]. Atlas, a tutoring system for teaching Physics, improves 
performance by 0.9 standard deviations [10]. Between 20 and 25 hours of interaction 
with SHERLOCK, a tutor for technical troubleshooting in avionics, are equivalent to 
four years of on-the-job experience [11]. 

Constraint-based modelling (CBM), the student modelling approach we rely on in 
our research, arises from Ohlsson’s theory of learning from performance errors [6]. A 



CBM model represents domain knowledge as a set of explicit constraints on correct 
solutions in that domain [12]. At the same time, constraints implicitly represent all in-
correct solutions. In this way, constraints partition all possible solutions into correct 
and incorrect solutions. There have been a number of constraint-based tutors devel-
oped within the Intelligent Computer Tutoring Group, at the University of Canter-
bury; one of the examples is EER-Tutor – a system for teaching the skill of Enhanced 
Entity-Relationship (EER) data modelling [13]. 

2.2  Affective and Physiological Processes 

Emotions are described as psychological states or processes that function in the man-
agement of goals. An emotion is typically elicited by evaluating an event as relevant 
to a goal; it is positive when the goal is approaching and negative when progress to-
wards the goal is impeded. Literature on emotion theory points out that negative af-
fective states characterised by increased levels of adrenaline and other neuro-
chemicals coursing through the body, diminish abilities with respect to attention, 
memory retention, learning, creative thinking, and polite social interaction [14]. 

There are two major theoretical approaches to the study of emotion: dimensional 
and categorical. Theorists who use the categorical approach to emotion attempt to de-
fine discrete categories or types of emotion [15]. Research in this area suggests that 
there are a number of basic emotions (estimates range from three to more than 20) 
which combine to produce all the emotional states which people experience. The di-
mensional approach conceptualises emotion as having two or perhaps three basic un-
derlying dimensions along which the entire range of human emotions can be arranged 
[16]. The most common dimensions are valence (which ranges from happy to sad) 
and arousal (which ranges from calm to excited). Research using the dimensional ap-
proach has shown that emotions elicited by pictures, television, radio, computers and 
sounds can be mapped onto an emotional space created by the arousal and valence 
axes. Emotions involve multiple responses and thus is it common to group them into 
three broad categories: overt acts of behavioural sequences, emotional language and 
physiological reactions. In our research we focus our attention on the physiological 
reactions, characterised by changes in the somatic muscles (regulating voluntary 
mevement) and in the viscera (internal bodily organs, like heart, liver or intestine). 
Physiological and behavioural reactions to affective stimuli significantly correlate 
with judgements of affective valence and/or arousal [17]. In respect to valence, there 
is a high dimensional correlation between valence reports and electromyographic ac-
tivity of corrugator1 and zygomatic2 muscles. There is also significantly greater heart 
rate deceleration for unpleasant pictures, and relatively greater peak acceleration for 
pleasant materials. The same literature sources describe electro-dermal activity as a 
useful measure of arousal. 

                                                           
1 The corrugator muscles are responsible for a lowering and contraction of the brows, a facial 

action to be an index of distress, associated with unpleasant affective stimuli. 
2 Activity of zygomatic muscle is involved in the smile response. Zygomatic activity increases 

for pleasant stimuli, is greatest for stimuli high in affective valence. 



2.3  Affective Pedagogical Agents 

Following in the vein of Topffer’s law, “All interfaces, however badly developed, 
have personality” [2], recent research based on the Computers as Social Actors 
(CASA) paradigm explores ways of broadening the communication channel between 
people and computers with a view to improving the effectiveness of computer-based 
educational environments. This research relies on the use of affective pedagogical 
agents (APAs) which act as a medium for delivering feedback from a computer to its 
users [18]. APAs are anthropomorphic software characters capable of expressing hu-
man-like behaviours and emotions; they are known to enhance the social 
view/interaction with computers [19]. Pedagogical agents in instructional environ-
ments draw upon human-human social communication scripts by embodying observ-
able human characteristics such as the use of gestures and facial expressions. Several 
studies show that animated agents improve students’ learning, engagement and moti-
vation [2, 18]. STEVE, ADELE and Cosmo and are just a few examples of pedagogi-
cal agents described in ITS literature. STEVE (Soar Training Expert for Virtual Envi-
ronments) teaches students how to perform procedural tasks, such as operating or 
repairing complex devices [18, 20]. ADELE (Agent for Distance Education: Light 
Edition) is designed to support students solving exercises delivered over the World 
Wide Web [21]. In the application of a case-based clinical diagnosis, ADELE can 
highlight interesting aspects of the case, as well as monitor and provide feedback as 
the student works through a case. Cosmo inhabits the Internet Protocol Adviser, 
which is a learning environment for the domain of Internet packet routing [19]. He 
provides advice to learners as they decide how to ship packets through the network to 
the specified destination. 

3  Our Approach and Project Status 

The goal of our project is to develop an affect-aware pedagogical agent, integrate it 
with EER-Tutor and conduct an evaluation study. Our hypothesis is that the effective-
ness of computer-mediated learning environments will improve from recognition of 
the affective state of their users. Incorporating analysis of affective state in the syn-
thesis of feedback can elevate the interaction with the learner to a new level and make 
a difference not only in the learner’s perception of the interaction, but in the learning 
outcomes as well. 

3.1  Pedagogical Agent 

We have developed a pedagogical agent and integrated it into EER-Tutor. During the 
persona design process, we tried to determine what kind of affective displays an af-
fective agent should offer in a learning context in order to support the learner’s de-
termination in the face of the inevitable stress, anxiety and frustration involved in 
learning. One simple rule of thumb suggested by Bickmore [1] is to apply what has 
been found appropriate for human-to-human interaction (HHI) to the design of educa-
tional HCI. Klein et al. [14] identify two types of support for emotion regulation. 



First, passive support is used to manipulate moods without necessarily addressing or 
discussing emotions themselves. Media, activities, food and other substances fall into 
this category; interactions with people can fall into either category. In contrast, active 
support occurs when people discuss or otherwise directly address their emotions as a 
means of managing them. 

We aimed for the agent to be able to acknowledge the leaner’s emotions indirectly 
through its emotional appearance, while trying to keep the learner focused on the task 
at hand. Thus we designed an agent which would express solidarity with the user at 
all stages of the interaction – it will cheer with the users’ success, be sympathetic with 
the user facing difficulties and keep company to the user in neutral situations. Similar 
agent behaviour was earlier adopted and implemented in the work of Lester et al [19]. 

While in our case, the agent does not yet have a way of determining users’ affec-
tive state, prior research shows that in a learning context affective state can be in-
dexed on the basis of cognitive state [22]. EER-Tutor maintains long and short-term 
student models; the state of the student model can be used to index the student’s af-
fective states. In our agents’ design however, affective logic does not directly rely on 
the student model. Instead, the logic relies on session history, which includes the his-
tory of a wide variety of user actions. 

The agents’ implementation is split between the server-side and client-side of 
EER-Tutor. The server-side carries the agents’ affective logic and controls the agents’ 
behaviour, while on the client-side the agent appears to the users as a “talking head” 
with an upper body, embedded in EER-Tutor’s work-space. The agent figures have 
been designed with the help of PeoplePutty toolkit; the web browser displays the 
agent with Haptek3 player plug-in. Haptek’s character affective appearance is con-
trolled by a number of parameters called switches. Some switches, for example, con-
trol lips and eyebrows positions. Haptek characters communicate with the server 
through AJAX requests. Figure 1 shows the EER-Tutor workspace with a male agent 
seen on the right-hand side above the feedback pane. The screenshot shows the state 
of the work-space immediately after a solution submission. 

In July 2006, we conducted a formative study aimed at assessing learners’ percep-
tion, expectations and response to the agents. The general response to the agents was 
positive – 75% rated the agents as a useful feature. At the same time, half of the par-
ticipants who thought the agent’s presence was unnecessary rated audible narration as 
useful. Overall, the participants were enthusiastic about narration – 50% stated that 
narration was the most helpful feature, because it made it possible for them to keep 
their eyes on the diagram and begin correcting errors while listening to the narration. 
Participants commented that this helped save time and enabled them solve problems 
faster. 

3.2  Affect Measurement 

In our research we have adopted the dimensional approach, since continuous nature of 
valence and arousal is more suitable for our method of measurement. In order to make 
EER-Tutor aware of the emotional state of its users we will use a set of sensors from 

                                                           
3 http://www.haptek.com/ – Haptek Inc., PeoplePutty is a product of Haptek. 



Thought Technology4 to capture the physiological data. We have acquired four sen-
sors for reading physiological signals: blood volume pulse sensor, galvanic skin re-
sponse sensor, surface electromyography sensor and respiration sensor. In order to 
convert the analogue signal from the sensors into digital signal we have acquired a 
data acquisition card (DAQ card) and implemented a prototype module for controlling 
the DAQ card and sending data to EER-Tutor server. 

 
Figure 1. EER-Tutor work space with an agent. 

3.3  Facial Feature Tracking 

Literature on physiological data processing indicates that the EMG signal is not al-
ways reliable unless the top layer of dead skin cells is removed with abrasive cream 
before the application of the sensor electrodes. This can be perceived as quite intru-
sive by the experiment participants. As an alternative to EMG we have been working 
on a facial feature tracking application. Positive affective valence, for example, can be 
read as the distance between the corner of the mouth and the outer corner of an eye on 
one side of a person’s face. Out of the numerous facial feature tracking approaches 
and implementation descriptions we have chosen a hybrid approach based on a Haar 
Classifier for face region detection [23] and feature extraction through common image 
processing techniques, such as edge detection, adaptive thresholding and integral pro-
jections [24]. In our implementation we used the Intel’s OpenCV library5. Figure 2 
shows a video stream frame with the important facial features detected with our proto-
type application: pupils, eyes and mouth corners. Next we will extend the application 

                                                           
4 http://www.thoughttechnology.com – Thought Technology Ltd. 
5 http://www.intel.com/technology/computing/opencv/ – Open Source Computer Vision Li-

brary. 



to enable retrieval of eyebrow positions. Before the facial feature application is inte-
grated into EER-Tutor, we will run a brief evaluation of our implementation. 

 
Figure 2. Retrieval of facial features with integral projections. 

4  Future Work 

In our future work, we will extend our system to identify students’ affective states via 
real-time facial feature tracking and physiological sensors. Incorporating data from 
the sensory channel and changing the agents’ persona rules will give the agents a finer 
level of affective awareness. This will be followed by a larger evaluation study to 
asses the agents’ impact on users’ view of interaction and learning with EER-Tutor. 
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