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Abstract 

 With the widespread use of software agents, comes the 

requirement for more advanced features [Ören et al. 2007]. 

Understanding is an important feature of agents with 

situation awareness and many other capabilities. In this 

paper, we introduce a framework for agents with ability to 

understand emotions. We report implementation of a virtual 

tutor agent which can understand emotions of a student and 

which can act accordingly. 

 

1. INTRODUCTION 

 

 Agents are autonomous software modules with 

perception and social ability to perform goal-directed 

knowledge processing, over time, on behalf of humans or 

other agents in software and physical environments. The 

knowledge processing abilities of agents include: reasoning, 

motivation, planning, and decision making. Additional 

abilities of agents are needed to make them intelligent and 

trustworthy [Ghasem-Aghaee and Ören 2003]. Two 

desirable abilities for agents are understanding as well as 

perception and reacting to emotional inputs. Inspired by the 

psychological models of emotions, intelligent agents 

researchers have begun to recognize the utility of 

computational models of emotions for improving complex, 

interactive programs. Build a high-IQ computer is not 

intended, rather, the intelligence means more like cognition 

in general [Rapaport 2003]. Furthermore, we believe that 

the concept of IQ is not normally applicable for computers, 

since their intelligent knowledge processing abilities are 

normally not improving with time. Of course, learning 

aside.  

 Understanding is one of the important philosophical 

topics. It has a broad impact in many computerized studies 

such as Natural Language Understanding (NLU), program 

understanding, situation awareness. Understanding is one of 

the requirements to make agents more advanced and intelli-

gent.  

 In this study, we present a virtual tutor agent with 

ability to understand emotions of the students. Virtual tutor 

agent attempts to understand student’s emotions and behave 

based on student’s emotions and actions and occurred 

events. The virtual tutor can also display emotional behavior 

during its interaction with the student. 

 In Section 2, the understanding ability of agents is 

outlined. In Section 3 and 4, emotional agents and under-

standing of emotions are discussed. Section 5 represents the 

virtual tutor implementation and finally Section 6 presents 

the conclusion and our future work. 

 

2. UNDERSTANDING 

 

 The term understanding has many meanings. For 

example, the Merriam-Webster Online Dictionary defines 

“understand” as  

 to grasp the meaning of (understand Russian), 

 to grasp the reasonableness of something (his 

behavior is hard to understand),  

 to have thorough or technical acquaintance with or 

expertness in the practice of (understand finance),  

 to be thoroughly familiar with the character and 

propensities of (understands children), 

 to accept as a fact or truth or regard as plausible 

without utter certainty (we understand that he is 

returning from abroad) 

 to interpret in one of a number of possible way 

 to supply in thought as though expressed (“to be 

married” is commonly understood after the word 

engaged) 
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 Machine understanding –even though is a subset of 

understanding in general– offers possibilities for many 

advanced knowledge processing applications.  A good defi-

nition to delimit the scope of understanding can be based on 

the definition of "knowing" given by Zeigler:   

"… if a system knows about X, a class of objects or 

relations on objects, it is able to use an (internal) 

representation of the class in at least the following 

ways: receive information about the class, generate 

elements in the class, recognize members of the class 

and discriminate them from other class members, 

answer questions about the class, and take into 

account information about changes in the class 

members" [Zeigler 1986].  

Additional views on understanding –including its 

relationship with knowing– can be found in Ören [2000]. 

Element of an understanding systems as well as conditions 

to understand are given in Figure 1 (from Ören et al. 

[2007]). A system as well as an agent "A" can understand an 

entity "B" (Entity, Relation, Attribute) if and only if three 

conditions are met: 

1. There is a meta-model "C" about Bs to represent know-

ledge about Bs and that the system A can access C. The 

meta-model can be unique or multiple, fixed, evolvable, 

replaceable, or functionally equivalent (similar but not 

identical) to another one. 

2. The system A can analyze B to generate D, a perception 

of B. The perception can be translated into a conceptual 

network [Hübler 2007]. 

3. The system A can compare and evaluate the perception 

D with the meta-model C to evaluate the existing as well 

as non-existing characteristics of D with respect to the 

meta-model C to generate result (or product) of under-

standing process. 

 

 
 

Figure 1: Elements of an understanding system 

 
 Hence, the major components of an understanding 

agent –as given in Figure 2– are a meta-model, a perceptor 

and a comparator and evaluator. 

 

3. EMOTIONAL AGENT 

 

 Many researchers in artificial intelligence as well as in 

operations research focused mainly on rational decision-

making. However, emotions, such as joy, fear, hope, and 

anger have an important role in human behavior [Zinn 

2006]. 

 
Figure 2. Components of an agent with understanding 

ability 
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 Both the social and computational sciences have seen 

an explosion of interest in emotions in the last decade 

[Gratch et al. 2009]. Intelligent agents require the emotional 

factors in their decision-making processes to display 

behavior analogous to humans. Minsky concluded that: 

"The question is not whether intelligent machines can have 

any emotions, but whether machines can be intelligent 

without any emotions" [Minsky 1986]. According to this 

theory, several models are represented that agent’s decision-

making and behavior appear more believable [Kazemifard et 

al. 2006]. Emotionless agents are viewed as merely 

machines. If humans identify with and accept an agent as 

human-like, instead of machine-like, they may trust the 

agent more and communicate with it better. The emotional 

aspect distinguishes a machine from an agent who is 

believable, alive and trustworthy [Perry 1996]. 

 

4. UNDERSTANDING EMOTIONS 

 

 To understand emotions we use the agent structure in 

Figure 2. In the basis of this structure, we have to 

implement three elements for the agent. The structure of 

agents with understanding of emotion ability is depicted in 

Figure 3. In this structure, agent may use understanding 

systems recursively. Each element is described in the 

following sections. 

 

 

 
 

Figure 3: Agent structure with ability to understand emotions 
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4.1. Meta-model 

 Executing models as a simplification of the reality 

intended to promote understanding and reasoning [Cox 

2005; Kramer 2007]. The model is used to understand and 

answer questions about the world. Hence, if the virtual tutor 

agent wants to understand the emotion of the student, it has 

to build a model of the student and world. The meta-model 

of virtual tutor is depicted in Figure 4 as a concept map. The 

concepts of student models are discussed in the sequel: 

 Student is knowledge of the student in the Virtual Tutor 

domain. We consider student as an emotional character who 

has goals, standards (relates to belief and manner of 

behaving), life history, and emotional states properties. 

 Life history learns the pattern and stores the occurrence 

of student's actions and events. Likelihood and expectation 

of an event or action are two life history properties used in 

comparator element and emotion concept to determine the 

student's emotion.  

  

  

 

 
 

Figure 4: The meta-model of the Virtual Tutor agent. 

(It is based on the concept map of the meta-model of the personal knowledge by [Milton et al. 2006]. 

 
 State is knowledge of the temporary characteristics that 

a person can exist in [Milton et al. 2006]. Emotion is a type 

of state. We need a model which is able to evaluate all of 

the conditions that the agent would be encountered with, for 

analyzing the emotions. We use OCC [Ortony et al. 1988] 

(the abbreviation of their names) which indicates a standard 



model for analyzing emotions. This model denotes twenty 

two types of emotions. According to the type of the emo-

tions, the structure of OCC model is partitioned to three 

branches. The first branch relates to the appraisal of the 

desirability or undesirability of events with respect to the 

agent's goals. The second branch relates to the appraisal of 

the approval of the actions of the agent(s) with respect to a 

set of standards for behavior. The third branch relates to the 

appraisal of the liking or disliking of objects with respect to 

the attitudes of the agent [Ortony et al. 1988]. In this paper 

only the first and second branch are considered. 

 Mentality represents the Goal and Standard of the 

student. The perception element analyzes the student's 

events and actions related to the mentality concept. 

 The following concepts are considered for virtual tutor's 

world model: 

 Transition is the ways which a student's state is 

changed [Milton et al. 2006]. The state can be changed by 

occurrence of event (i.e., Correct Answer, Wrong Answer, 

etc) or Action (i.e., Ask Help, Agent Give Help) as two 

types of transition. 

 Behavior is the educational tactics of virtual tutor agent 

in responses of student's actions and events. Each tactic 

includes the following goals [Jaques 2004; Jaques and 

Vicari 2007; Zhou 1999]; increase student’s self-confidence 

and effort, offer help to student, encouragement student, and 

increase student’s interest to subject. 

4.2. Perception 

 In this element, virtual tutor agent analyzes the events 

and actions of student related to the meta-model. An event 

understanding system and an action understanding system 

have been used to appraise the events and actions. The out-

puts of this element are two OCC parameters: desirability 

and praiseworthiness. The event understanding system 

percepts events and evaluates them with respect to the goals 

meta-model. The action understanding system percept 

actions and evaluates them with respect to the standards 

meta-model. The OCC model [Ortony et al. 1988] is 

selected for events and actions evaluation. The reason is that 

it includes comprehensive local and global variables to 

compute intensity of emotions and methods for the evalua-

tion of the events and actions. The evaluator uses the 

method in [Kazemifard et al. 2006]. In the basis of this 

method, a complete evaluation of events (actions), require 

the following points: 

1. Each agent has a number of goals (standards) with 

different importance as indicated in weighting 

factors. 

2. The degree of impact of input event (action) on 

agent goals (standards) 

3. The degree of desirability (praiseworthiness) to be 

determined by using points 1 and 2. 

4.3. Comparator 

 This element includes OCC's rules for mapping 

between the perception of the student's event and action and 

emotion, life history, and virtual tutor's behavior concept. In 

this element, the emotional state of the student is altered and 

the virtual tutor agent performs an educational tactic in 

response. For this purpose, an emotion understanding 

system has been used to understand the emotion respect to 

the emotion and history life and a behavior understanding 

system has been used to understand the proper educational 

tactic respect to student's emotion. The comparator of the 

emotion understanding system contains many rules to 

compute the intensity of emotions. To compute emotion 

intensity, one global variable and three local variables of 

OCC are used. The values of these variables come from 

different elements in the model. The local variables are 

desirability, praiseworthiness and likelihood; the global 

variable is expectedness. Desirability and praiseworthiness 

come from perception element and the likelihood and 

expectedness come from life history meta-model. The 

results of emotion understanding system are used in the 

behavior understanding system.  

 

5. IMPLEMENTATION 

 

 Learning and tutoring involve emotional processes. 

Some of these emotions sit in the way of the learning 

process. Emotions are used to master a practice or to learn a 

theory. In building a virtual tutor system we should avoid 

negative emotions that arise in the learning process and we 

should implement ways to generate positive emotions [Poel 

et al. 2004]. In this domain, we only consider the role of 

emotions in learning. Many other appraisal variables, like 

controllability, dominance, and coping potential, must be 

considered in a comprehensive learning system [Gratch and 

Marsella 2004]. 

 In order to identify the importance of  goals of the 

students, we used the Motivated Strategies for Learning 

Questionnaire (MSLQ) [Pintrich 1991]. The MSLQ is a 

self-report instrument which allows determining students’ 

motivational orientation and learning strategies. 

 Virtual Tutor uses gesture, speech, facial expression 

and emotional text to show its emotions. For this purpose, 

Microsoft Agents are used. English learning domain is used 

for the virtual tutor. The implementation was done in 

Microsoft Visual Studio environment and C# language. 

Microsoft SQL Server was used for tactics database.  A 

sample of the environment is showed in Figure 5.  

 



 
  

Figure 5: Virtual tutor environment 

 

6. CONCLUSION AND FUTURE WORK 

 

 In this research, the understanding ability of agents was 

discussed. Emotion is also considered as an important 

parameter in agent decision making. An agent structure was 

represented to understand emotions and it was implemented 

in a virtual tutor domain. 

 We are planning to continue to work on agents with 

several types of understanding abilities, as stated in [Ören et 

al. 2007].   Also, we are planning to implement agents with 

switchable understanding abilities by providing several 

meta-models, multiple perceptions, and multiple interpreta-

tions of perceptions of complex situations. We wish to ela-

borate also on ambiguity processing by multi-understanding 

in Natural Language Understanding (NLU) or program 

understanding.  
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