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Abstract. Traditionally, Embodied Conversational Agents communicate with 

humans using dialogue systems based on conversation trees. To enhance the 

flexibility and variability of dialogues, this paper proposes an approach to 

integrate conversation trees with cognitive models. The approach is illustrated by 

a case study in the domain of aggression de-escalation training, and a preliminary 

evaluation in the context of a practical application is presented. 
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1   Introduction 

Embodied Conversational Agents (ECAs) can be defined as computer-generated 

characters ‘that demonstrate many of the same properties as humans in face-to-face 

conversation, including the ability to produce and respond to verbal and nonverbal 

communication’ [7]. ECAs have been put forward as a promising means for the training 

of social skills [11]. Indeed, in recent years, various systems have been designed invol-

ving ECAs that enable users to develop their social abilities (e.g., [12]).  

An important requirement to effectively train users in developing their social skills, 

is believability of ECAs, as believable agents permit their conversation partners to 

‘suspend their disbelief’, which is an important condition for learning [3]. In [8], 

believability is defined by three dimensions, namely aesthetic, functional, and social 

qualities of agents, which can be related, respectively, to the agent’s physical 

appearance, behaviour, and interaction style. With respect to physical appearance and 

interaction style, much progress has been made in recent years: graphics are becoming 

increasingly realistic, and the mechanisms to interact with ECAs are changing from 

purely text-based systems to sophisticated multi-modal interfaces [17].  

With respect to the behaviour of ECAs, some steps forward have been made as well, 

regarding verbal as well as and non-verbal aspects. For non-verbal behaviour, recent 

work addresses systems to generate realistic facial expressions, head movements, and 

body gestures [13]. Instead, the focus of the current work is on verbal behaviour, i.e., 

on dialogues. The traditional approach to drive the verbal behaviour of ECAs during a 

human-agent dialogue is to use conversation trees, i.e. tree structures representing all 



possible developments of the dialogue, where users can decide between different 

branches using multiple choice. Although this approach can be successful due to its 

transparency, an important limitation of conversation trees is that they are quite rigid. 

Consequently, the resulting behaviour of the ECAs is often perceived as stereotypical 

and predictable. This can be overcome by constructing large conversation trees with 

many branches, but this approach is highly labour-intensive and difficult to re-use. 

As an alternative, several authors have proposed the use of cognitive models to 

endow ECAs with more sophisticated behaviour (e.g., [10,14,16]). Using such models, 

agents base their behaviour not only on their current observations (or input), but also 

on internal states, such as their emotions and personality. As a consequence, this 

approach potentially results in more varied and human-like behaviour from the 

perspective of the human conversation partner. Elaborating upon these ideas, the 

current research attempts to further bridge the gap between traditional approaches based 

on conversation trees (which are transparent, but rigid), and more novel approaches 

based on cognitive models (which are flexible, but abstract). It does so by presenting 

an approach that not only enables flexible dialogues, but that can also easily be 

integrated with existing systems in the gaming industry based on conversation trees. 

The approach is illustrated by a specific case study in the domain of simulation-based 

training for aggression de-escalation.  

The remainder of this paper is structured as follows. In Section 2, the context in 

which this research was conducted is described, namely a project on aggression de-

escalation training. Next, Section 3 introduces the underlying dialogue system that is 

used within this project, and Section 4 presents an approach to integrate the system with 

a cognitive model. Section 5 describes a practical application that has been used to test 

the resulting behaviour of the system. Section 6 concludes the paper with a discussion. 

2   Aggression De-escalation Training 

In domains such as law enforcement and public transport, aggressive behaviour against 

employees is an ongoing concern. According to a recent study in the Netherlands, 

around 60% of the employees in the public sector have been confronted with such 

behaviour in the last 12 months [1]. Being confronted with (verbal) aggression has been 

closely associated with psychological distress, which in turn has a negative impact on 

work performance. Responses to aggression range from emotions like anger and 

humiliation through intent to leave the profession. In case of severe incidents, emplo-

yees may even develop post-traumatic stress syndrome [4]. 

To deal with aggression, a variety of techniques are available that may prevent 

escalation [2,5]. These include verbal and non-verbal communication skills, conflict 

resolution strategies, and emotion regulation techniques. The current paper is part of a 

project that explores to what extent simulation-based training using ECAs can be an 

effective method for employees to develop these types of social skills1. In the 

envisioned training environment, a trainee will be placed in a virtual scenario involving 

verbal aggression, with the goal of handling it as adequately as possible. The scenarios 
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emphasise dyadic (one-on-one) interactions. For instance, the trainee plays the role of 

a tram driver, and is confronted with a virtual passenger who starts intimidating him in 

an attempt to get a free ride. The trainee observes the behaviour of the ECA, and has to 

respond to it by selecting the most appropriate responses from a multiple choice menu2. 

Additionally, the trainee is ‘monitored’ during the task by an ‘intelligent tutor’, i.e. a 

piece of software that observes his behaviour and provides personalised support. 

The main learning goal of the training system is to help trainees develop their 

emotional intelligence: they should be able to recognise the emotional state of the 

(virtual) conversation partner, and choose the right communication style. In this respect, 

an important factor is the distinction between reactive and proactive aggression that is 

made within psychological literature: reactive aggression is characterised as an 

emotional reaction to a negative event that frustrates a person’s desires (e.g. a passenger 

becomes angry because the tram is late), whereas proactive aggression is the 

instrumental use of aggression to achieve a certain goal (e.g. a passenger intimidates 

the driver in an attempt to ride for free) [15]. Hence, one of the key differences between 

these two types is the presence or absence of anger. To decide whether they are dealing 

with a reactive or a proactive aggressor, trainees should pay attention to specific cues 

that point to the presence or absence of emotion in the (virtual) conversation partner, 

such as a trembling voice or frequent arm gestures. 

Based on the type of aggressive behaviour that is observed, the trainee should select 

the most appropriate communication style. More specifically, when dealing with a 

reactive aggressor, empathic, supportive behaviour is required to de-escalate a 

situation, for example by ignoring the conflict-seeking behaviour, by actively listening 

to what the aggressor has to say, and by showing understanding for the situation. 

Instead, when dealing with a proactive aggressor, a more dominant, directive type of 

intervention is assumed to be most effective. In this case, one should make it clear that 

aggressive behaviour is not acceptable, and that such behaviour will have consequences 

[2,5]. By ensuring that the ECAs respond in an appropriate manner to the chosen 

responses (e.g. a reactive aggressor calms down when approached in a supportive 

manner, but becomes even more angry when approached in a directive manner), the 

system will provide implicit feedback on the chosen communication style. 

3   Dialogue System 

The proposed training system is based on the InterACT software, developed by the 

company IC3D Media3. InterACT is a software platform that has been specifically 

designed for simulation-based training. It uses state-of-the-art game technology that 

builds upon recent advances in the entertainment gaming industry. Unlike most existing 

software, it focuses on smaller situations, with high realism and detailed interactions 

with virtual characters. True-to-life animations and photo-realistic characters are used 

to immerse the player in the game. An example screenshot of a training scenario for the 

                                                           
2 Although our research as a whole explores a variety of modalities (such as speech, facial 

expressions and gestures), the current paper has an emphasis on text-based interaction. 
3 See http://www.interact-training.nl/ and http://ic3dmedia.com/.  



public transport domain is shown in Figure 1. In this example, the user plays the role 

of the tram driver that has the task of calming down an aggressive virtual passenger. 

To enable users to engage in a conversation with an ECA, a dialogue system based 

on conversation trees is used. The system assumes that a dialogue consists of a sequence 

of spoken sentences that follow a turn-taking protocol. That is, first the ECA says 

something (e.g. “I forgot my public transport card. You probably don’t mind if I ride 

for free?”). After that, the user can respond, followed by a response from the ECA, and 

so on. In InterACT, these dialogues are represented by conversation trees, where 

vertices are either atomic ECA behaviours or decision nodes (enabling the user to 

determine a response), and the edges are transitions between nodes. 

 

 
 

Fig. 1. Example screenshot of the InterACT environment. 

 

The atomic ECA behaviours consist of pre-generated fragments of speech, 

synchronised with facial expressions and possibly extended with gestures. Scenario 

developers can generate their own fragments using the motion capture software 

FaceShift4, using a Microsoft Kinect camera. As the recorded fragments are 

independent from a particular avatar, they can be projected on arbitrary characters. 

Each decision node is implemented as a multiple choice menu that allows the user 

to choose between multiple sentences. In the current version, for every decision node, 

four options are used, which can be classified, respectively, as letting go, supportive, 

directive, and call for support. Here, the supportive and directive option relate to the 

communication styles explained earlier. The other two options are more ‘extreme’ 

interventions, which according to a national protocol for aggression management 

should be applied, respectively, in case the aggressor has calmed down or in case the 

aggression is about to escalate into physical violence [5]. Figure 1 illustrates how these 

four options can be instantiated in terms of concrete sentences (option A-D). 

Additionally, the choice of the user determines how the scenario continues (or whether 

it ends immediately) by triggering a corresponding branch in the tree.  

                                                           
4 See http://www.faceshift.com/.  



Although this approach works well, there is a risk that the behaviour of the ECAs 

becomes predictable in the long term. For example, in the situation shown in Figure 1, 

choosing option C (the ‘directive’ option) will always result in the ECA becoming 

irritated, no matter how often the scenario is played, or what has happened before. This 

problem can be overcome by endowing the agent with internal states [6] that are either 

set beforehand (e.g. whether the agent is a reactive or a pro-active aggressor) or are the 

result of earlier interactions (e.g. a state of anger that gradually increases during the 

scenario). Our approach to realise this will be explained next. 

4   Integration with a Cognitive Model 

To endow the ECAs with internal states, an existing cognitive model of aggression is 

used [5,18]. Although the details of the model are left out of the current paper, a high-

level overview of the knowledge on which the model is based is shown in Table 1. This 

table describes how the agent’s mental state changes depending on the type of de-

escalation approach that it observes.  
 

Table 1. Impact of various de-escalation approaches on agent’s mental state. 

 

observed approach reactive aggression proactive aggression 

letting go remains constant remains constant 

supportive decreases increases 

directive increases decreases 

call for support remains constant remains constant 

 

Our approach to connect this model of aggression to the dialogue system is depicted 

in Figure 2. The integrated system consists of three elements (dialogue system, human 

user, and cognitive model) that interact based on the following information flow: 
 

 from dialogue system to user: The dialogue system continuously keeps track of which node 

in the conversation tree is active. As mentioned in Section 3, nodes are either atomic ECA 

behaviours or decision nodes (implemented as multiple choice menus). In a typical 

conversation tree, each ECA behaviour is followed by a decision node. This means that 

whenever the dialogue system shows information to the user, an ECA behaviour fragment 

is presented (i.e. the virtual character says something, accompanied with facial expressions 

and gestures) right before the multiple choice menu is displayed. 

 from user to cognitive model (1): Next, the user has to select an option from the multiple 

choice menu. The options correspond to the different types of observations used in the 

cognitive model (i.e., [letting_go, supportive, directive, call_for_support]). 

 from user to cognitive model (2): In addition, the user’s emotional state is provided as input 

to the cognitive model as well. One of the simplest ways of achieving this is to ask the user 

to provide a subjective indication of how much emotion (s)he experiences during every 

interaction. A more advanced solution (which will be used in other stages of the current 

project) is to determine the user’s emotional state based on various sensor measurements 

like heart rate, electrodermal activity, and facial expressions. 

 from cognitive model to dialogue system: Based on the observed verbal and non-verbal 

behaviour of the user, the cognitive model determines the level of aggressiveness of the 



verbal and non-verbal behaviour to be produced by the ECA. Next, these two variables 

(aggression intensity values of verbal and non-verbal behaviour) are transferred to the 

dialogue system, which uses them to decide how the conversation continues. Currently, this 

is done by defining for each point in the dialogue, a number of alternative sentences with 

varying levels of aggressiveness. For example, in case the user (playing the tram driver) has 

just chosen the sentence ‘Your chip card is out of credit’, and the ECA’s verbal behaviour 

should have an aggressiveness level between 0 and 0.2, then it will respond with a statement 

like ‘I understand that sir, but unfortunately I am in a hurry. Could you please let me hitch a 

ride?’. Instead, when it should have an aggressiveness level between 0.8 and 1, it will 

respond with ‘Seriously? What do you want me to do, miss this ride? Come on, it's just one 

stop, man!’. In a similar manner, the variable for the ECA’s non-verbal behaviour 

determines its amount of emotional expression (e.g. by using more arm gestures). 

 

 
 

Fig. 2. Overview of the integrated system. 

5   Practical Application 

The integrated system as described in the previous section is currently being 

implemented in the InterACT environment. To already get an idea of the proposed 

mechanism’s performance, its behaviour has been studied in the context of a practical 

application. To this end, a ‘light’ version of the system has been implemented in 

Matlab5. Basically, the application follows the same information flow as depicted in 

Figure 2, only the behaviour of the ECA is not visualised in a graphical environment; 

instead, its utterances and non-verbal behaviour are described in a textual format.  

Additionally, a simple feedback module has been implemented. The goal of this 

module is to provide the user with feedback on his or her performance at the end of a 

training scenario. Essentially it checks whether the situation was successfully de-

escalated or not, and in the latter case, it analyses what the cause of this unsuccessful 

de-escalation was. In this analysis, several types of mistakes are distinguished such as 

1) the user failed to judge the type of aggression (i.e. reactive or proactive) correctly, 

2) the user failed to apply the appropriate communication style (supportive or 

directive), and 3) the user failed to control his or her own emotional state. The decision 

tree that is used by the module is shown in Figure 3. Here, a green end state indicates 

successful de-escalation, whereas a red end state indicates unsuccessful de-escalation. 

Based on the specific end state a corresponding feedback message is generated, 
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represented by the numbers in the figure. For example, in case a scenario is classified 

as category (6), the following feedback is presented: 

 
6. The user applies the wrong approach towards a proactive aggressor. 

”You correctly judged the nature of the aggression, but you used the wrong verbal 

approach. A proactive aggressor should always be approached in a directive manner. 

Acting supportively is likely to make the aggressor think he can walk all over you, and that 

his aggressive behaviour is going to get him what he wants.” 

 

 
 

Fig. 3. Overview of the feedback system.  
 

To test the Matlab application, a specific scenario has been worked out in the context 

of a man who is running late for the custody hearing for his daughter, and has no cash 

money to pay for a tram ticket. A group of users (students and researchers in Artificial 

Intelligence) have extensively played the scenario, by systematically varying the 

parameter settings of the cognitive model. A complete overview of the scenario, as well 

as an illustration of some of the resulting conversations, is provided in [18].  

Based on this preliminary evaluation, we can conclude that the application was 

evaluated positively, in the sense that no instances of unrealistic dialogue flow were 

reported. This is a nice finding in itself, but it becomes more valuable in combination 

with the observation that the proposed approach allowed us to create a large variation 

in scenarios with relatively limited effort. This has to do with the fact that cognitive 

models enrich an ECA with internal states, and that these states basically keep track of 

the history of the conversation. To start with, we can now use threshold values to 

determine which verbal response to activate when the ECA has a certain internal 

emotional state. Moreover, by designing additional verbal statements that contain 

language of an increasingly aggressive nature but otherwise carry the same message, 

every user choice can now be followed by a wider variety of ECA responses. Lastly, 

adjusting the parameter settings that regulate the rate at which the ECA’s internal state 

changes, makes it possible to endow the ECA with a virtually unlimited number of 

personality types. A more extensive explanation of these benefits is presented in [6]. 



6   Discussion 

The current paper presented a system for simulation-based training of aggression de-

escalation skills using Embodied Conversational Agents. By integrating a cognitive 

model of aggression within a dialogue system based on conversation trees, the system 

benefits from the advantages of both methods: on the one hand, the use of the dialogue 

system (based on pre-recorded conversation fragments) guarantees highly realistic 

animations. This is particularly important for a domain like aggression de-escalation, 

in which the ECAs ideally induce some kind of ‘stress response’ in their human 

conversation partners. On the other hand, the use of a cognitive model ensures that the 

ECAs are endowed with internal states, which enables them to take the history of the 

interaction into account when generating their behaviour. As a result, the resulting 

conversations provide more variation, and are therefore perceived as less predictable. 

Our first results based on the Matlab application pointed out that users indeed appre-

ciated the conversations as interesting and not too predictable on the longer term. 

This is by no means the first paper that attempts to enrich ECAs with more flexible 

behaviour. Without trying to provide an exhaustive overview, some related approaches 

are presented in [10,14,16]. The current paper does not attempt to compete with the 

above approaches in the sense that it claims to generate more variation in scenarios. 

Instead, one of the main assets of the proposed approach is its simplicity: it allows 

designers to generate variation in scenarios using a relatively light-weight and easy to 

use cognitive model. At the same time, it is compatible with state-of-the-art software 

in the gaming industry that uses traditional conversation trees, such as the InterACT 

environment. As a result, the approach takes the best of both worlds: on the one hand 

it can be connected to graphically realistic 3D environments, yet it offers more 

flexibility than most pre-scripted approaches that are typically used in industry. Another 

contribution is the fact that the approach has been implemented and tested in the context 

of a real world domain: aggression de-escalation. 

Note that the approach is based on the deliberate decision to work with pre-generated 

conversation fragments. An interesting alternative is to generate utterances ‘at runtime’ 

using a combination of natural language generation techniques and text-to-speech 

software [9]. Such an approach has the advantage that it results in even less predictable 

ECA behaviour (from the user’s perspective), but a drawback is that it is difficult to 

guarantee a natural development of the conversation, and that the resulting speech is 

typically perceived as less realistic by the user. 

Regarding the interaction in the other direction (i.e., from user to ECA), our current 

system uses the easily controllable, but relatively rigid method of multiple choice 

menus. In ongoing research, we are exploring the possibilities to give the user more 

freedom by taking an intermediate approach: the user is still asked to choose between 

certain options; however these options are not completely pre-defined sentences, but 

‘classes of responses’ corresponding to the different communication styles [letting_go, 

supportive, directive, call_for_support]. Using this approach, the user is free to choose his 

or her preferred wording, as long as it fits in a category. A sentiment analysis module 

will then relate the utterance to the right category, allowing for natural continuation of 

the dialogue. In addition to such extensions, future work will address a more extensive 

evaluation of the approach. This will not only be done with the presented Matlab 

application, but also with the complete ECA-based training system and with end users.  
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