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1. Introducing the research 
 

The aim of this research is to add a virtual face with a set of expressions and emotions to the 
Psychometer [3] program in version two. The Psychometer is a turn-by-turn program implementing the 
psychological five-trait theory to detect the personality of the user. The Psychometer in version one was 
originally developed by Marcel Bodewitz as part of his MSc Thesis in 2004. Version two was a new 
adaptation done by Pascal Touset in his Thesis which allows the user answering with some natural 
phrases and words. 

Previously the Psychometer was using a screen to print in it the questions that allows the 
program to classify the traits of the user and define the personality of this user by using the five traits 
theory. The answers of the user are inserted by keyboard, jumping to the next question after entering a 
correct answer and pressing enter. This involves a turn-by-turn program until the Psychometer has 
enough answers to classify the user in different sessions (each session last for 10 minutes). In this 
project the input by keyboard does not change, but the output uses an Embodied Conversational Agent 
(from now on ECA). The ECA that is being used is the Elckerlyc ECA [14], which has several possible 
configurations and uses the Behavior Mark-up Language (BML syntax). This is the first time Elckerlyc is 
used as the output of another program, receiving different inputs to generate expressions in accordance 
to each specific situation. The Elckerlyc is a project under development and though it is very powerful it 
lacks in some critical points like documentation, face expressions control, pre-existing targets for gaze 
orientations, some minor errors, pending implementations, etc. As a consequence this research project 
not only had to deal with how to connect both programs but also required modifying and adapting the 
Elckerlyc environment. These adaptations are fully explained in another section of this research 
document. 

This project was intended to be composed by two differentiate stages. The first one deals with 
the gazing and the speech (output of the Psychometer). The second phase, not implemented, consists in 
extracting information from the set questions (and some relation between them) to decide what 
possible emotional expressions can be attached to the current question (matching words and synonyms 
with an emotion that would trigger in some situations a concrete feeling represented by a facial 
expression). Unfortunately, due to time constraints and the time investment required in Elckerlyc the 
project have finished only with the phase one but with some extra face expressions accompanying the 
main gaze gestures. 

It is worthy to say that a secondary goal of this project was to make the ECA interaction 
independent of the Psychometer as much as possible. This has been achieved with a modularity design 
that captures the flow of the execution and by avoiding changes in the Psychometer as much as 
possible. 
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Throughout this document the project is described in several sections. Section two explains the 
algorithms implemented for the gaze behaviors, the behaviors implemented, limitations of the current 
demo and other gaze variables that might be interesting to take into account in the future for possible 
updates or relative projects. Section three covers the design aspects of the project, with decomposition 
diagrams and some explanations of the current code of the project. Section four is about the specific 
Elckerlyc environment designed and section five explains the current project development and explains 
the main problems encountered which have been real time consumers during the realization of the 
project. Section six is centered in the validation process while section seven explains the conclusions of 
the project.  
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2. Stage One: Gaze 
 

Gaze has been proved to be used in human-human interaction with important roles: it helps to 
regulate the flow of conversation and has an important role in turn-taking between the speakers 
involved. Kendon [1] distinguishes between two important functions of an individual’s perceptual 
activity in social interaction. First, “by looking or not looking, a person can control the degree of 
monitoring his interlocutor and this choice can also have regulatory and expressive functions (page 5)”. 
And secondly, a speaker that starts a longer utterance tends to look away in order to concentrate on the 
speech, avoiding distraction and sending to the listener the message that he doesn’t want to be 
interrupted. Besides, at the end of a turn and/or the end of phrases, speakers usually tend to seek eye 
contact (look up) with the listener to monitor his reaction. 

Having these ideas as a starting point, the first implementations of gaze are based in previous 
studies done in [1] where they analyze and define an algorithm to treat gaze actions like taking control 
over the way speakers and listeners seek or avoid mutual eye contact, the function of looking to or away 
from the interlocutor and the timing of these behaviors. The written algorithm of [1] is formulized like 
next: “about 75% of the time that they are listening coincides with gazing at the speaker. People that are 
talking look less of the time at the listener (40%). During a complete interaction there is eye-contact 
(mutual gaze) only 30% of the time (page 5)”. I have chosen this algorithm with some variations because 
it seems practical and not too complicated to achieve a valid implementation while at the same time it 
offers good results as shown in [1]. In these studies utterance time is taken into account, but for the 
moment in Elckerlyc is not possible to know a priori how much time the speech will take; and, though 
the speech speed is constant (so utterance time can be simulated from number of words and/or length 
of the speech), it is possible to change in the future the speech properties (speed, tone to emphasize or 
not a speech part, etc.) in order to achieve a better interaction between the ECA and the user. For this 
reason, at first I was trying not to use the utterance length, limiting the implementation to a probability 
and different pseudo-random implemented behaviors. However in [1] they offer a possible solution by 
considering the number of words in a speech (in a concrete time) instead of the time length of the 
utterance, and also as we can see later in this document, in the written algorithms (section 2.1), it is 
important to define an utterance as normal or long in order to choose the appropriate branch that 
generates an expected expression in the ECA. But, what can be considered a good barrier (number of 
words or characters) to define a long or normal speech? I will talk about possible solutions later in this 
document and the chosen one.  

In [1] they also make a difference between thematic and rhematic parts (if the new speech is 
relative to the previous utterance and if it conveys new information; in contrast to a thematic part). 
However, in the case of the Psychometer most of the questions are rhematic components, so I discarded 
this difference in the current implementation, but it cannot be discarded for the future updates that 
make possible to relate a question topic with the previous one.  For example this information could have 
been extracted in the proposed phase two of this project.  
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For this reason this part is included in the proposed algorithm described below but is not 
implemented. Nevertheless this part of the algorithm is included in case future new versions of the 
project allow distinguishing a rhematic part from a thematic part. 

  So in brief the goals in the stage one are to try to simulate the next human behavior [1] 
“speakers, for instance, have the tendency to gaze away from listeners at potential turn-taking positions 
when they want to keep on talking. Listeners show continued attention when gazing at the speaker 
(page 3).” This is done by designing a different version of the algorithm given in [1] that has been 
modified to adapt it to the different behaviors already implemented and the constraints imposed by the 
Elckerlyc while dealing with gaze expressions. First there are defined two main states given by the 
Psychometer: when the ECA is asking and when she is listening. Once the current execution flow is in 
one or another state there are some conditions like the starting point of the speech or if the ECA is 
waiting for the user. Probabilities are used and some timers to trigger concrete gaze expressions in time. 
After the algorithm definition there are further explanations and ideas about its design and execution. 

  



9 
 

2.1 Gaze Algorithm 
 

 When ECA is asking: 40% look at listener ** 

• if thematic* 
o if (beginning of turn) 

o Look Away (not necessary eye-contact) 
 

• if rhematic 
o if (beginning of turn) 

o look at listener (eye contact) 
o else if (middle of turn) 

o if (longUtterance()) 
/* look away while thinking in middle of speech */ 

• Probability 60% thinkAwhileStrong: 16 random gazes 
• Probability 40% thinkAwhileSoftLong: 2 random  

o else: normal utterance, during speech 
• Probability 15% thinkAwhileSoft: 2 random  
• Probability 30% thinkEyesFaster: 4 random  
• Probability 30% gazeEyesAway: 8 random 
• Probability 25% gazeNeckAway: 8 random 

o else if (end of turn) 
/* look towards the hearer */ 

• Probability 65% look towards normal speed 
• Probability 35% look towards faster 
 

When ECA is listening: 75% look at speaker** 

• if (beginning of turn) 
o look at speaker (eye contact) 

• else, sequential behavior  
o Probability 40% gazesEyesAway: 8 random 
o Probability 40% gazesNeckAway: 8 random 
o Probability 20% thinkEyes: 4 random 

• start: while_waiting after sequential(independent thread) 
o gazesEyesAway or gazesNeckAway: 16 random 

 

*Not implemented 

** These timing constraints have been implemented in each specific behavior 
block in an approximate way. 
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***For ECA speaking and listening states the total direct eye contact is 
around 30%. 

 

Once the algorithm enters a branch of expressions this shows the probability to produce each 
behavior and each probability branch is mutually exclusive. For example, in a rhematic part, inside a long 
utterance, two possible behaviors blocks can occur, thinkAwhileStrong and thinkAwhileSoftLong. 
The first one has a probability to occur of 60%, while the second one has a 40%, but one of the two 
expressions is going to occur.  This logic is the same for the other possible blocks of behaviors. Besides 
the name of each behavior appear the different versions of the behavior that happen randomly but are 
equivalent (they have differences between side, up, down and the target of the gaze). It is important to 
remark the different meanings of the “if” and the “while” in the algorithm. “If” shows the condition to 
enter the execution of a sequential big behavior block that will be executed each time the state of the 
Psychometer changes and only once. On the other hand, the “while” condition will be running for a 
certain unknown time, until there is a change in the Psychometer from the “listening” state to the 
“talking” state again. The behaviors inside the while condition will be running continuously while the 
user is entering the answer using the keyboard.  

In other words: once a branch is going to be executed, in the sequential version, it means that 
the chosen behavior will be executed while is in that state and only once (this is the normal procedure of 
the sequential behaviors generating a long BML behavior) On the other hand, there are behaviors that 
are executed in independent threads which are executed for an undetermined time between actions of 
the user (this would be the case of the special “while” blocks included in the algorithm and the blinking 
behavior that is intended to be executed during all the time that the Psychometer is running). 

Each behavior, triggered by a probability when it’s inside a conditional block, has been built 
using two approaches accepted by Elckerlyc. These two approaches have been implemented in two 
different versions. The first version is composed by several sub BML expressions to conform each big 
BML block and usually they include a richer description of the behaviors. Version two uses what in 
Elckerlyc is known as preplanning, as special tag that allows specifying the Elckerlyc engine to execute 
one or more blocks after another one or more blocks that have been performed. Version two was 
developed because, when dealing with bugs in the Elckerlyc platform, it seemed to be more stable. This 
is further explained in the corresponding section in this document. 

 

2.1.1 Version one: big BML blocks approach 
 

The first version was designed starting from simple behaviors (like a simple blinking or moving 
eye-brow) and later adding complexity to these behaviors by adding sub-behaviors. Inside a block there 
are may be or not relations between different sub-behaviors determined by the synchronization data in 
each sync point that belongs to each sub-behavior.  
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As an example, the next BML expression <gaze id="gaze1" start="0.0" ready="0.8" 
relax="3.4" end="4.0" type="AT" modality="NECK" dynamic="false" target="neckleftmin"/> is a sub-
behavior that starts immediately, moves fast until the ready sync point is reached (ready) and between 
the achievement of the sub-behavior and returning to  the initial position it lasts four seconds. Other 
labels that are included is the “type” of gaze sub-expression (AT is the only type implemented in 
Elckerlyc so far), the “modality” that can be NECK or EYES (determines which part of the head is going to 
be involved), if the sub-expression is a type dynamic or not (means that when it is dynamic, if the target 
changes its coordinates, the gaze will follow it) and finally the target, that specifies a point in the 
Elckerlyc environment space and that previously has been declared in the specific Elckerlyc world 
implemented for this project. 

If we add another sub-behavior like <gaze id="gaze2" start="gaze1:ready" 
ready="gaze1:ready+0.7" relax="gaze1:end+1.1" type="AT" modality="EYES" dynamic="false" 
target="eyesleftmin"/> we can see the labels including the previous sub-behavior id followed by the “:”  
and then the previous sub-behavior desired sync point, and this for each sync point of this sub-behavior 
affected. These two sub-behaviors can form an expression or a full behavior, encapsulated into BML 
blocks. Other relations may occur between different BML blocks, reason for keeping the data of each 
BML block during the execution of the Psychometer. There are simple expressions like thinkEyes that 
have only two sub-behaviors while others may have five or six. In the next sub section there is a 
description of each behavior block used in the algorithm. 

 

2.1.2 Version two: appended BML blocks approach 
 

The second version is based on what is known as preplanning in Elckerlyc. This allows 
decomposing simple behaviors and, with a concrete order inside the BML declaration, specifies to 
Elckerlyc that the next behavior has to be executed “somehow” after the previous behavior. Continuing 
with the previous example, a first behavior block is defined again, <bml id="bml1" > <gaze id="gaze1" 
start="0.0" ready="0.8" relax="3.4" end="4.0" type="AT" modality="NECK" dynamic="false" 
target="neckleftmin"/> </bml>. The difference shown in the next behaviors to be executed would be 
something like <bml id="bml2" scheduling="append-after (bml1)"><gaze id="gaze2" start="0.0" 
ready="0.7" relax="1.1" end="2.1" type="AT" modality="EYES" dynamic="false" 
target="eyesleftmin"/>. As it can be seen this time the sync labels have changed and a new condition 
of “scheduling” is used. Obviously this is a simple example and in case there were more behaviors after 
this example they should be appended after a previous behavior or a set of previous behaviors. Using 
this approach has some benefits: Elckerlyc decides the execution time, so from the development 
perspective, it is possible to relax the time synchronization of behaviors. But it has a handicap: somehow 
Elckerlyc will do its best to append the next behaviors but during the performances of the same BML 
block code the execution times may change in a variable way. Maybe in one execution the set of 
appended behaviors will be performed faster (or slower) than in another execution of the same set of 
behaviors. Also it is more difficult to achieve an exact timing control due to this behavior. Finally the 
synchronization of utterances is a little bit more constrained as when using the preplanning in Elckerlyc, 
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there is only the option to decide when to send an utterance inside a BML sub-behavior, before or after 
the next BML to be sent to Elckerlyc. Despite these constraints, preplanning makes it easier to perform 
an interaction with Elckerlyc during a long execution when using the TCP Bridge, one of the ways to 
connect with the Elckerlyc ECA.  

 At last it is important to mention that each time the state of the Psychometer changes; first a 
new sequential BML behavior (composed by several sub-behaviors) is executed once with fixed timing 
controlled by the Elckerlyc engine. After the selected sequential behavior is performed by the ECA once 
in time, the Psychometer enters the “waiting phase” where some real-time behaviors will be executed 
until the user performs an action that forces the Psychometer to change the state to another different 
one and the whole algorithm would start over again. This execution can be seen like a loop: 
Psychometer enters a state, based on that state randomly a sequential BML is generated and sent, and 
then the ECA enters the waiting phase until the user enters the answer. At that point, it will exit the 
waiting phase, change the state of the Psychometer and start again the execution. 
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2.2 Behaviors implemented 
 

Name thinkAwhileStrong 
Random 16 random equivalent behaviors 
Parameters Up or down, left or right, maximum or medium or medium-low or low 

angle. 
Description 
version one 

While talking or not, ECA moves neck to a side and to a target (middle, up 
or down) and later moves a little bit the eyes to the corner like thinking. If 
reset behavior is activated, it returns looking to the audience. If this 
behavior has two utterances, the second one starts when the ECA reaches 
the original position. 

Description 
version two 

Using preplanning this behavior is formed by appending several BMLs that 
generate the same behavior with two main differences with version one: 
the eyes aren’t moved and the speech is executed after the ECA moves 
the neck firstly to one side. The eye moves have been removed because 
Elckerlyc doesn’t like these sub-behaviors. 

Motivation When we think we tend to look away and move also the neck [2]. This is a 
long and complex behavior to show a long thinking of the ECA. 

 

Table 1: thinkAWhileStrong 

Name thinkAwhileSoftLong 
Random 2 random equivalent behaviors 
Parameters Behavior to the right or to the left 
Description 
version one 

While talking or not, ECA moves neck to a side (right or left) and to a 
target in the middle of the chosen side. Later it moves a little bit the eyes 
to the corner like thinking and keeps the position for a while. If reset 
behavior is activated, it returns looking to the audience.  

Description 
version two 

When preplanning is activated the behavior is almost the same but the 
eyes movement has been removed. The speech behavior is appended 
after the first neck movement. 

Motivation When we think we tend to look away and move also the neck [2]. This 
behavior keeps the neck rotated at an angle but keeps it some time. Is 
intending to show a long thinking of the ECA without moving too much the 
neck. 

 

Table 2: thinkAWhileSoftLong 
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Name thinkAwhileSoft 
Random 2 random equivalent behaviors 
Parameters Behavior to the right or to the left 
Description 
version one 

While talking or not, ECA moves neck to a side (right or left) and to a 
target in the middle of the chosen side. The main difference with the long 
version is that this behavior is done faster so it requires less time and is 
done in a softer way (the rotation angles of the neck are smaller and done 
in lower times than the long version). Later it moves a little bit the eyes to 
the same target than the neck. And finally it returns looking to the 
audience faster than the previous behavior description. 

Description 
version two 

The eyes movement has been removed and the speech is synchronized 
just after the first neck movement of the ECA. 

Motivation This behavior keeps the neck in the same angle and gazes around a short 
time. Is intended to show a fast thinking of the ECA without moving too 
much the neck. 

 

Table 3: thinkAWhileSoft 

 

Name thinkEyes 
Random 4 random equivalent behaviors 
Parameters Movement to right or left, or to up or down. 
Description 
version one 

While talking or not, ECA moves the eyes to a side (right or left) and to a 
target (up or down) on the horizontal axis (of the next) of the random 
chosen side.  

Description 
version two 

The behavior is the same but the speech is synchronized to be performed 
before the eyes movement. 

Motivation This behavior gazes around in a short time, moving only the eyes. Is 
intended to show a fast thinking of the ECA moving only the eyes 

 

Table 4: thinkEyes 

 

Name thinkEyesFaster 
Random 4 random equivalent behaviors 
Parameters Movement to right or left, or to up or down. 
Description 
version one 

Equivalence to thinkEyes but done faster. 

Description 
version two 

Is the same as version one. The speech is executed before the eyes 
movement. 

Motivation This behavior gazes around in a very short time, moving only the eyes. Is 
intended to show a fast thinking of the ECA moving only the eyes. 

 

Table 5: thinkEyesFaster 
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Name gazeEyesAway 
Random 8 random equivalent behaviors 
Parameters Maximum, medium, medium-min or minimum angle; up or down. 
Description 
version one 

Gazes the eyes to the right or left, to different four targets in the same 
side but in a random angle (that can be maximum, medium, medium-
minimum and minimum). This is a basic gaze very often used like the 
behavior gazeNeckAway (is the next description, not used together). This 
can be shown in the algorithm, these two behaviors are used in the asking 
and listening states and, in both cases, with a high probability to occur. 

Description 
version two 

Is the as the version one. The speech is executed just before the eyes 
starts to move. 

Motivation This behavior gazes around in a short time, moving only the eyes and is a 
short behavior. It is the basic gaze movement. 

 

Table 6: gazeEyesAway 

 

Name gazeNeckAway 
Random 8 random equivalent behaviors 
Parameters Maximum, medium, medium-min or minimum angle; up or down. 
Description 
version one 

Moves the neck to the right or left, to different four targets in the same 
side (maximum, medium, medium-minimum and minimum). This is a basic 
neck movement used sometimes. 

Description 
version two 

The eyes movement has been removed and the speech is synchronized 
just after the first neck movement of the ECA. 

Motivation This behavior gazes around in a short time, moving only the neck and is a 
short behavior. It is the basic gaze movement using only the neck. 

 

Table 7: gazeNeckAway 
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Name nodConfirmation 
Random 4 random equivalent behaviors 
Parameters Up or down, faster or slower. 
Description 
version one 

Nods the head from up to down, with two different degrees (intensity of 
the nod or time performing it). 

Description 
version two 

Is exactly the same and it doesn’t have any speech (only used when the 
ECA is listening as a confirmation of the communication). 

Motivation This behavior helps the user to confirm the reception of the message 
while the user is “speaking” (writing in the keyboard). This behavior is 
implemented but finally not used in the proposed algorithm (section 2). 

 

Table 8: NodConfirmation 

 

Name neckSideMovement 
Random 4 random equivalent behaviors 
Parameters Right or left, medium or medium-low degree.  
Description 
version one 

Moves the neck very little from one side to the other, with 2 degrees of 
intensity, while it keeps the eyes looking at the user (audience). 

Description 
version two 

In preplanning this behavior is the same. 

Motivation This behavior is used while the user is answering. Gives the impression of 
receiving the answer of the user. This behavior is implemented but finally 
not used in the proposed algorithm (section 2). 

 

Table 9: neckSideMovement 

 

These are the behavior blocks currently implemented and tested in the project. They have been 
done by experimentation and trying to keep the timing constraints in the version one (a compromise 
solution between the desired behavior and the permitted behaviors in Elckerlyc due to some constraints 
that are explained in section 2.3). In the second version timers are more difficult to keep because the 
engine of Elckerlyc will try “to do its best” executing them. 

 The motivations in the design of all the behaviors are based in different criteria based, at first, in 
the literature read like [1], [2] or [9]. For example, from [2] Kendon describes some functions of gazing 
during a conversation like some eyes movements alone or in company with neck movements that are 
also used in [1]. [9] Is not focused on two person conversation, but it describes how to achieve some 
behaviors algorithms under different circumstances (for example, an ECA gaze following a car before it is 
intended to cross a road). The implementations of these behaviors described in [9] are drawn on 
empirical and qualitative observations known from psychology, human factors and computer vision. 
Also in [9] there are some facial animation techniques, patterns of looking, spontaneous gazing 
techniques or a head-eye coordinate algorithm. It does not include behavior construction but in [9] 
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some good ideas could be extracted to be adapted later to the set of behaviors designed, specially the 
section that describes coordination between eyes and neck movements. Also, some behaviors were 
motivated by personal appreciations while testing and learning the possibilities of the Elckerlyc project. 

Later, during the design of each behavior, if a behavior was considered valid or not was based in 
observation (Is it natural under some circumstances during an ECA conversation? Is Elckerlyc performing 
this behavior as desired?). But keeping in mind the practical considerations like the speech 
synchronization or the synchronization with the next behaviors that might be desirable to perform, and 
of course, the possible constraints that Elckerlyc have at this stage of his implementation. 

 

2.3 Limitations of the algorithm 
 

There are some constraints imposed by timers in the algorithm. According to Kendon [2] there 
are different percentages of the total time during the interaction where the ECA is looking at the user 
(this doesn’t mean eye contact). While the ECA is talking this is approximately 40%; while during the 
listening state this value is increased to 75% (direct consequence of the nature of listening, where in a 
normal interaction the listener looks more to the speaker to confirm the reception of the message). Also 
through the whole communication process, the total direct eye contact is around 30%.  

Implementing these time constraints (the previous ones commented) is complicated for two 
main reasons: there is a restriction imposed by Elckerlyc which doesn’t allow overlapping gaze sub-
behaviors at the same time (for example moving the eyes, blink and turn the neck at the same time 
interval is not possible) and, more problematic, changing the synchronize timers of a specific sub-
behavior may result in strange interpretation of the Psychometer body engines, and therefore 
anomalous ECA reactions, very unpleasant for the user. For example, if overlapping gaze sub-behaviors 
were possible, it would be possible to design a method to change the timers of the sync point of the 
sub-behaviors to achieve these percentages. But doing something like this will make Elckerlyc discard 
some of these sub-behaviors to avoid overlapping, even though they may affect different parts of the 
face. In a step forward, when using preplanning as a programmer you lose time control because 
Elckerlyc will try to perform the behaviors the best he is able to. Clearly these restrictions penalize the 
goal of naturalness in the behaviors, especially each time a dialogue action is intended to be performed 
by the ECA. 

What are the possible solutions? On one hand it is necessary to have the knowledge of the time 
of each behavior block and the sub-behaviors inside it. Firstly I tried to use the feedback port of Elckerlyc 
that is done by extending a set of possible classes to receive the feedback from Elckerlyc; for the case 
the feedbackpanel.java was extended receiving information on when the current behavior block has 
finished. But I wasn’t able to implement correctly the feedback port and, I suppose, the feedback is 
intended to give information of a whole BML block (the latest one executed) and a behavior block may 
contain different sub-behaviors, like moving the eyes, speech or blinking; so having exact information of 
each sub-behavior or sub-behaviors between different blocks is necessary to achieve a good proportion 
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in gazing to the speaker or listener (depending on the turn) or to track the time of eye-contact. 
Motivated by this reason further changes were done to the implementation to achieve a further 
knowledge of each time involved. As shown before each sync point is composed of either a double value 
that identifies the exact time to reach that sync point, or either it can be a sync label like 
start=SubBehaviorID:SubBehaviorSyncPoint. For this reason both cases were treated as a String 
with the according checks to ensure a valid value or label, but this approach was  ugly for making checks, 
accepting new personal sync points or treating them in the synchronization methods and now extracting 
the time of each one and modifying them when necessary.  

 

2.3.1 Solutions proposed 
 

The solution implemented at the end has been by redesigning the representation of a sync 
point. Instead of using Strings a new class has been done, the SyncPoint.java, whose constructor 
accepts a label or a number and acts like a wrapper, allowing the Getters and the Setters Java method to 
work with labels or numbers indistinctly and more important, includes a method time that returns the 
total time in that sync point for either a label or a double value. This class allows handling in an easy way 
the time of each sync point. In an upper level, in the class managing sub-behaviors Expression.java, 
there are methods to extract the time of independent sync points or the total time that a sub-expression 
may require (maximum difference between the different sync points declared inside the sub-behavior). 
And in the upper level, Behavior.java, which may contain several sub-behaviors, there is a new recursive 
method that sums the different timers of sub-behaviors related. This allows now to extract the total 
time of a behavior block, or sub-behavior or, if necessary, relations between behaviors blocks. Of course 
this has required the modification of an important part of the code, and revises and changes all the 
synchronizations’ methods conditions.  

Once the time can be calculated there are two possible solutions using behavior of the first 
version to ensure that the total eye contact and time gazing occurs. The first one is changing the timers 
of the sub-behaviors, but it has been mentioned before it has to be done carefully to respect the 
overlapping (constant change between all sub-behaviors) and, when we add or subtract too much time 
there is a risk of creating a non-valid behavior, too strange for the interaction or that the time engine of 
Elckerlyc doesn’t accept it rejecting the BML block. Another solution in mind (not implemented yet) is to 
take the total time of a set of sub-behaviors, for example the ones when gazing another way; while at 
the same time a clock inside the Psychometer keeps the time. Contrasting the two timers and limiting 
the repetitions of the same behaviors an approximation to these constraints can be achieved, not in an 
exact way but can act like estimations, particularly when the second version of the BML behaviors is 
used as timing control is less inaccurate than the first version while you may benefit of the real-time 
execution. 
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2.3.2 Determining a normal or long utterance 
 

Separate to these restrictions there is an important point in the algorithm and it is how to 
determine a long or normal utterance, given by the longUtterance method. In [1] they offer a simple 
solution by simplifying the classification problem and they give a possible solution: putting a constant 
value to classify an utterance as a long type when it includes more words than specified by the constant. 
If I had found a good constant in any research to determine a long utterance and supported by previous 
studies this would be a good solution. Another solution is to process all the Psychometer questions and 
determine a barrier between normal and long utterances (for example let’s say 75% of words for each 
utterance for all the questions). But keeping in mind that during all the development I have tried to 
make the ECA interaction independent of the Psychometer this would break such rule. Besides, the 
Psychometer works in rounds of ten minutes and keeps track of each user and the questions already 
answered. So it may occur that in a set of questions, in average, there are not utterances classify like 
long utterance, but there may be some that should be classify as long utterances for that set of 
utterances (this is related to the next idea).  

Another possible idea was to consider a minimum amount of words and, at the same time, use 
the average of words for each processed question (current utterance) and using a percentage to delimit 
in the ongoing average what can be defined as a long utterance or not. Working with this last idea I have 
implemented a class that stores each utterance of the user (it can be found in 
UtteranceAnalysis.java) and adapts the average of the words for each utterance that is a 
question. When the user continues with the program this class is loaded with the previous data and 
continues processing questions adapting the barrier to define an utterance. If the percentage is changed 
or a new user is logged the average is reset. If a user continues with the Psychometer the historical data 
is loaded and continues adapting the length average of each new question. This utterance analysis has 
been implemented and is working, with two configurable constants: the minimum number of words to 
consider an utterance as a possible long utterance (in case it has fewer words is automatically classified 
as a normal utterance) and also there is a constant that defines the percentage barrier of the 
classification in the ongoing updating mean. In case whatever of these two configurable constants are 
changed, the historical data is reset and starts again from the beginning. 

This classification between normal and long utterances has been done for two main reasons: on 
one hand it allows to configure and decide a barrier to perform the behaviors in the algorithms (so it is 
configurable how much each block of behaviors will be executed); and also it is totally independent from 
the number and length of questions done by the Psychometer. Furthermore, if in the future the type of 
test done by the Psychometer is changed (I mean the set of questions), this implementation will totally 
adapt the barrier between speeches to the new set of questions and keep a balance in the execution of 
behavior branches. 

 Finally there are behaviors that cannot depend on the sequential execution of the Psychometer, 
and are started and end in independent threads as is not possible to know how much time it is going to 
take the user to end a turn. This is the real meaning of each while in the algorithm. So far only some 
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testes have been done with the implementation using parallelization in Java but it is necessary to use a 
parallel bridge through the TCP connection. This is explained in more detail in section 2.4. 
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2.4 Research remarks and implementations achieved 
 

This section explains and justifies the need of threads to deal with the simultaneous generation 
of behaviors and interruptions to cancel on-going behaviors. It also introduces some remarks about the 
design of the gaze behaviors and blinking. Finally it offers some design solutions and some results based 
on the experimentation done.  

The project includes some sets of behaviors previously tested directly with an Elckerlyc avatar; 
none of them are gaze behaviors and they’re used in different stages of the program such as the 
greeting or the exit stages in the program (these are not included in section 2.2, like others used during 
testing and reset behaviors). The first approach of this research is using the different states (given by the 
Information State class) of the Psychometer program when the execution is currently in the “Output 
Sender” phase. As the author Marcel Bodewitz says, [3] “The Output Sender takes the output generated 
by Psychometer and sends it to the environment. For now this is only textual output that is sent to the 
GUI, but the system can also be extended with auditory output or output for an animated face (page 
33).” This means that when Psychometer execution flow reaches the Output Sender, specific behavior 
blocks (through the BML specification language) are sent to Elckerlyc in order to generate appropriate 
behaviors for the ECA. This approach fails in two main problems: what happens with the behaviors, like 
gaze that need a constant flow of information through all the execution? And when a behavior is 
executed but is out of phase because the user has moved into a different stage that requires other 
behaviors or the current is inappropriate? The Psychometer program in version one and two is executed 
in a sequential way with one thread for the logic of the program, so to save these obstacles a multi-
thread approach is required. Parallelism capabilities were needed, as these are shown in the while 
expressions included in the proposed algorithm. 

How can this new approach be achieved? According to Dennis Reidsma [4] “this requires the VH 
to be capable of simultaneous perception and generation of multimodal behavior, and of modifying its 
communicative behavior on-the-fly, based on what it perceives from its partner (page 1).” In other 
words, an ECA who wants to accomplish a natural interaction with the user must be receiving a 
continual flow of the different sub-behaviors. While short behaviors (fast nod of the head, smile, raise 
eyebrow, etc.) can be used in the first approach without synchronization barriers; at least one full-
independent thread is required to execute all time handling simultaneous behaviors like blinking. 
Indeed, the Output Sender can be used to modify this new thread when required and managing the 
continual behaviors execution flow. This solution requires the use of a new “Bridge” between Elckerlyc 
and the Psychometer that allows the interpretation of parallel BML messages to the Avatar. More 
complex on one hand, but on the other hand it should offer a real-time conduct of the ECA and solving 
the problem marked by the first question. Moreover, the second problem can be solved using 
interruptions; needed in many cases like for example [4] “VHs should be capable of dealing with 
interruptions. Utterances may need to be (gracefully) broken off halfway through the sentence because 
the user interrupts the VH. A gesture that was already initiated may have to be abandoned (retracted) 
directly after the preparation or hold phase because it is suddenly no longer relevant (page 2)” There are 
some points in the Psychometer where interruptions are desirable or critical to ensure a real-time 
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conversation between the user and ECA. These cases can be handled with an Observer pattern that will 
be “observing” the appropriate interruption of the behaviors, and when a specific observer notices a 
change, this will announce another instance to send the specific interruption BML block as defined in 
[4], section 5.2 “The Interrupt Behavior”. Using this pattern pretends to avoid modifying code of the 
original Psychometer (it requires few lines per observer in the Psychometer code) and it has an easy 
implementation effort. For instance, this pattern can be implemented in multiple sections of the code 
and it can be used to capture the flow of the execution within several threads in an easy way. For 
example, it could be used to implement a proposed behavior that was considered initially, a “hurry” 
behavior sent to the ECA in the last thirty seconds of each round of execution of the Psychometer, which 
lasts for ten minutes. An appropriate Observer pattern implementation would allow verifying when the 
execution time is over 9 minutes and thirty seconds and therefore start the generation of this “hurry” 
behavior. 

Another important use of the Observer-observable pattern is to start and end the “listening” 
state of the Psychometer. This state should be reached by the Psychometer program, but in the last 
updates of the program, I guess, they have made this state implicit to the moment where the program is 
not asking a question. The good news is that capturing the flow of the execution using this pattern does 
not mean an extensive change of the original code of the Psychometer (an example is shown in the 
project design section). Modifying the Psychometer code violates the uncoupling data paradigm I have 
been using during the design of the whole project, but it is necessary to ensure the execution of all the 
states and therefore of all the algorithms intended to be used. 

And what about defining the algorithms for the different gaze behaviors? Though there are 
several solutions of how to obtain and implement good quality gaze behaviors, from video recording 
that will allow adapting it later to gazes, to complex algorithms definitions (unfortunately most of them 
are privatized versions); implementing natural on-the-fly gaze behaviors is not a trivial task. For 
example, the target range has to be taken into consideration to decide where and how the eyes and/or 
head movement takes place.  The eyes’ range with the head static has an oculomotor range or OMR of 
40o to 55 o. In other words, when the head is still the different targets defined in Elckerlyc to control the 
gazes has to be inside this range. Moreover, to look outside this range then [6] “the recruitment of the 
head in the final motion is mandatory for aligning the visual axis with the target.” To make this possible, 
[6] two vectors may be taken into account: a head vector and the eyes vector, starting from the middle 
point between the eyes (these vectors were obtained during the design of the target points in the 
specific environment of Elckerlyc for the Psychometer to check these angles). Since the eyes and the 
head contribute to gaze motions, a primary issue when modeling gaze is the relative contributions of 
each of the vectors to the final gaze motion.  
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There are other matters relative to the gaze that still have to be researched and later 
experimented with, like the velocity, amplitude and duration of each gaze behavior. After some 
experimentation the OMR was reduced to a maximum of 30 o as a consequence of empiric testing. The 
first OMR implemented was of 45 o, but as the initial camera is near the face, using an OMR of 45 o was 
seen as unnatural. However, if more distance is added between the initial camera position and the ECA 
the initial proposed OMR could be acceptable. Another important fact is how much can the eyes look up 
or down. In this case there is the assumption that it should be the same as the OMR, but for practical 
purposes this value has been reduced to an angle between (-30 o and 30 o). 

There is another important behavior to complement all the gaze behaviors, blinking. As it says in 
[6] “blinking may offer an overlooked way of conveying a sense of realism in gaze motions. Like with 
gaze motions, blinks may be interpreted in many different ways. Individuals who do not blink or move 
their eyes may appear to be preoccupied or engaged, while high rates of blinking may indicate aroused 
internal states such as frustration, confusion or excitement. Other feelings can be extracted by analyzing 
the blinking of a subject.” On average, a person blinks roughly 17,000 times per day, with a “normal" 
blink rate thought to be in the region of 20 blinks per minute [7]. Each blink lasts from 20-400 
milliseconds. Other areas show the importance of the blink in a conversational agent. [6] “The synthesis 
of blinking behaviors has been primarily considered when applying eye movements to conversational 
agents, usually based on internal emotional or conversational state parameters. In the case for real 
humans, an agent's anxiety level has an effect on the frequency of eye blinking. Blinking is also 
considered in, depending on locations attended to and timing considerations, each blink lasting for a 
fixed amount of time. A number of other studies have considered human impressions of blinking. These 
studies are of great importance to synthesis attempts, as they provide information on how different 
behaviors may be perceived. For example, there are some studies commented in [7]  how variations in 
the frequency of blinking were interpreted in terms of impressions of nervousness, unfriendliness and 
carelessness, providing evidence of the important role of blinks in impression formation.” What’s more, 
there are different types of blink behavior, but for this research, for simplification purposes, blinking is 
considered as one unique behavior type accompanying the gaze.  

The research project has been focused on the gaze because it is one of the most difficult 
behaviors to obtain. Other behaviors have been implemented after experimenting with the alternatives 
and now the project has a set of behaviors. The main difference relies in the fact that a gaze and blinking 
control requires a continual interaction with the ECA; besides the other behaviors, which just send in a 
concrete time a BML data to the ECA. The gaze can be controlled in a sequential way at least for some 
behavior blocks, but requires independent threads at least in two cases: when the user is “listening” and 
when the user in “speaking” –writing- the answer for the current question. This has to be done in such a 
way because the time required by the user cannot be anticipated. On the other hand, blinking has to be 
in another thread during all the execution of the Psychometer. 

  



24 
 

At last some interesting experimentation has been done with random gaze, implemented by a 
random target that changes it position using a timer inside the Elckerlyc environment. This 
experimentation has been based on previous ideas of the Professor Dennis Reidsma who provided me 
with a previous code. The idea was to create valid regions for different gazes and modify targets with a 
pseudorandom value generator that keeps the gaze in a concrete valid range. But using random gaze 
can be acceptable under certain circumstances, while in others is out of place generating an unnatural 
gaze. As we can read in [10] “Garau and colleagues demonstrated that informed gaze outperformed 
random gaze” so the poor results obtained during the experimentation are consistent with this 
affirmation. These experiments have shown that random gaze cannot be applied to face to face 
conversations between an ECA and the user because it confuses the user. This happens because the user 
is expecting a feedback offered by the gaze that he will not receive appropriately. However, I believe 
that random generated gazes could work under some circumstances and with an improved algorithm to 
generate it.   
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2.5 Other gaze variables not implemented 
 

Below there are some gaze variables that affect the effects of the communication and the feedback 
received by the user. Next are some other variables to take into account in gaze-blinking behaviors for 
future expansions of the project, or related projects intending to use an ECA: 

 Sex: women are found to engage in eye contact more than men 
 Cultural differences (maybe achieved by IP localizations and geo-location) 
 If people in a conversation know each other or/and likes each other 
 Gaze adapted to webcam recognition: possible knowledge would allow extracting patterns from 

the user, or modifying the gaze of the ECA in a dynamic way so it could follow the eyes of the 
user. 

 Eye-gaze can be employed as a signaler of interpersonal attitudes and emotions: how do you 
feel today? 

 Personality traits, etc. 
 

And some ideas to keep in mind how to achieve good gaze behaviors: 
 

 Precise gaze quality depends on the specific circumstances! 
 This requires a validation process to quantify the “quality” of a concrete behavior. 
 But the perception is individual and it may differ between subjects! 
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3. Design of the project, modules and implementations 
 

This section describes the design of the project and some of the design decisions that have been 
taken during the implementation and integration of Elckerlyc with the Psychometer. It starts with a 
small description of the Psychometer, to introduce later the different modules handling behaviors 
generation, behaviors collections, the communication module with Elckerlyc and other implementation 
decisions. 

 

3.1 How does the Psychometer work? 
 

The Psychometer was designed using a Model-View-Controller software architecture, isolating the 
logic of the user from the user interface. The model and controller are packaged in 
project.personalityDialog, project.personalityDialog.informationState and 
project.personalityDialog.informationState.dialogMove. The view is situated in 
project.personalityDialog.gui. 

 

 

 

 

 

Diagram 1: MVC architecture representation and interaction with Elckerlyc 

 

The program is based on a turn by turn generation of questions by the Psychometer and the 
user answering them; helped by different states that depend on when the enter button is pressed by the 
user. The program starts with the “greeting” state and firstly it asks three trivial questions to the user. 
Then for a round of ten minutes it makes questions and enters the different states of “asking”, 
“repeatQuestion” (if the system doesn’t understand the question of the user) and finally the “quit” 
state. Notice that there should be another state that appears in the Psychometer, the state 
“listening”. This state appears in the code but it never reaches it; working implicit when the 
Psychometer is not making a question. 
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3.2 Coupling the Psychometer with Elckerlyc 
 

From the beginning I tried to make the Elckerlyc components independent from the 
Psychometer. The idea behind it is that if the questions are changed or if the full Psychometer program 
is ever replaced by another turn by turn program, the generation of behaviors and therefore their 
performance by an ECA will continue working. Going a step forward, Elckerlyc implements the Behavior 
Markup Language which is intended to be a standard in the near future with a common language for 
different ECA programs (at least for the core BML interpreter). So it would be possible to change the ECA 
program with another one accepting the BML language. These concepts will be explained further in this 
section of the document. 

This design can be used as a basis for future extensions of the Psychometer using Elckerlyc, as a basis for 
other turn-to-turn programs or to coupling other programs to ECAs. In the next sub-section the 
decomposition diagrams of the project are shown, with the main description of its modules. 

 

3.3 Upper Level Decomposition diagram 
 

Diagram 2: Level 0 decomposition diagram 
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3.4 Module descriptions 
 

The project.personalityDialog package: This package belongs to the original Psychometer 
program. A class, ECAoutputSender has been added and is responsible for capturing the output from 
the controller, keeping an instance of the ECAcontroller and sending the output to this class and/or 
sending it also to the graphic interface. By default it is sent to both outputs: ECAcontroller and the text 
to the graphic interface (it can be chosen by changing the constant defaultOutput in 
ECAoutputSender.java). 

In theory the Psychometer would pass to every state and this is captured by the controller. 
However in the current implementation the state “is listening” is never reached, and therefore the 
ECAcontroller will never send the behaviors related to this state. To make this state “visible” for the 
ECAcontroller I will be forced to trigger this state from the controller or the interface package, violating 
the decoupling data rule I’ve been following. I had already done this to capture the program close and 
save data relative to my execution. The way it is done is using the observable pattern, as it allows 
capturing the flow under some circumstances (that you specify) and doesn’t require too much code 
modification. The modifications look something like this:  

 

 

 

 

 

 

 

 

Figure 1: Declaration and observer notification code example 

 

A new package has been included recently, the project.ElckerlycEnvironment, which has 
only one class with the specific Elckerlyc environment used for the interaction between the ECA and the 
Psychometer. More information and a further description of this component can be found in section 
four.  
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3.4.1 Project.ElckerlycConnection.ECAReactionControl module 
 

 

Diagram 3: Level 1 ECAcontroller package decomposition diagram 

 

This is the main controller, commanded by the ECAcontroller.java, which captures the state 
and relative information of the Psychometer (if there is an utterance, user name, timings, etc.) and also 
stores important data for future execution. Depending on the state it calls to one or another algorithm 
which are obtained in the BehaviorStates.java. 

BehaviorStates.java performs the different algorithms for the sequential execution of behaviors. It 
implements the different states for greetingBehavior, ECAisAsking and ECAisListening. At the very 
beginning of the class there are some double array probabilities, which define the probability of 
execution of the behavior inside the algorithm. One and only one behavior will be chosen in this phase 
and is determined by the method probabilityInRange. This is the implementation of the mutual 
exclusive probabilities shown in the algorithm description. 

BehaviorCollection.java defines, as its name says, a set of collections of behaviors to be performed. 
It has a constant to define if it should generate version one or two of the BML generation behaviors. 
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UtteranceAnalysis.java: this class manages the analysis of the utterance to define each utterance as 
normal or long utterance (necessary for choosing branches in the algorithms). To make it possible it 
keeps historical data of the texts to be spoken by the ECA and in each generation it refreshes the mean 
length of each text and, in accordance to some constants defined in the class, determines the type of 
utterance of the current speech. 

ParallelBehaviors package includes the behaviors that are expected to be executed for an 
undetermined period of time. It includes the blinking behaviors and the wait behaviors (while the user 
answers and the ECA listens, where the time required is a question mark). They are implemented (each 
one) into a parallel Java thread as they require to run during all the execution. 

This module is divided into multiple packages. Project.ElckerlycConnection.ECAReaction includes 
the main controller, and implementation of the Elckerlyc feedback which allows reading the feedback 
from Elckerlyc about the behaviors that are being performed and the behaviors that have been 
performed (for example to start the next behavior and avoid overlapping BML messages). The 
project.ElckerlycConnection.ECAReaction.BehaviorsGeneration is composed by the Collection 
of individual behaviors (more or less complex) and expressions; and also the specific sequential 
generation of behaviors in function of each state that the Psychometer reaches (where the proposed 
algorithm is implemented). Finally there is the 
project.ElckerlycConnection.ECAReaction.ParallelBehaviors package that includes the blinking 
and the waiting behaviors threads implementations. 
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3.4.2 Project.ECAExpressions module 
 

This package includes the Behaviors and Expressions representation in java, synchronization 
methods between expressions and/or between behaviors. This way of representation has allowed me to 
investigate and make several tests with the BML language. Indeed, it makes easier to track several 
behaviors along execution. 

 

Diagram 4: Level 1 ECAExpressions package decomposition diagram 

 

An expression can be by inheritance a facial expression, gaze, head movement and/or speech. A 
set of expressions (one or more) can form a behavior, surrounded by <bml id=”one”> …</bml>. 
BehaviorSet.java is new and allows to add either Behaviors or Expressions, create an independent 
behavior and append it to the previous one if there was a behavior before. This has been done to 
facilitate the creation of preplanning in Elckerlyc. 

Identifier.java is a class that keeps a unique identifier for each behavior and for each type of 
expression to avoid overlaps between them. Due to this reason it implements a Singleton pattern to 
avoid new instances apart from the first instance declaration. SyncPoint.java acts like a wrapper for a 
sync point inside an expression due to that this can be a number in double format or a label of the type 
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“sync_point=behaviorID:other_sync_point”. ExpressionSync.java allows storing the data 
required for making a synchronization (either specifies in which sync points -one or more- of a behavior 
the program should synchronize with another expression). 

This module is decomposed in several packages. The project.ElckerlycConnection.ECAExpressions 
includes the Identifier class and another class with a set of examples and testing cases of this module. 
The project.ElckerlycConnection.ECAExpressions.Expressions, composed by several classes to 
implement a generic expression or a specific gaze, face, head or speech expression; moreover this 
package includes the ExpressionSync class (acts like a template with the require information required to 
synchronize two expressions in one or more sync points) and at last the 
project.ElckerlycConnection.ECAExpressions.Behaviors which includes the classes to deal with 
behaviors and sets of behaviors (where a behavior may have or not some specific labels and is 
composed by one or more expressions or sub-behaviors). The great benefit of these modules is that 
they allow the programmer to abstract from the BML language and synchronization information 
focusing the effort more in the Java implementation and avoid dealing with the BML syntax. For a 
behavior or expression instance, generating the intended BML message is as easy as calling to the 
override method toString(). 
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3.4.3 Project.ElckerlycConnection.ECAInterface module 
 

 This package is in charge of the communication between Elckerlyc and the Psychometer. It uses 
an interface that allows changing the specific ElckerlycConnector.java which is required along the 
communication process between the Elckerlyc engine and the input program (in this case the 
Psychometer). Initially ElckerlycConnector was intended to work only with the TCP Bridge to 
communicate with Elckerlyc. Another version has been adapted to work directly with Elckerlyc with 
what is known as RealizerBridge. The RealizerBridge is a java class located in 
hmi.elckerlyc.bridge (package that belongs to the Elckerlyc project, located in the current SVN path) 
that gives access to an Elckerlyc VH through an offered interface. Now the connector class is prepared to 
work with both versions (directly or through a TCP connection), where only the constructor call has to 
be changed in order to decide which communication method you may want to use. 

In the last release version the project is relying on the RealizerBridge, but as commented before it 
could be possible in the near future to activate the TCP connection as it was originally intended. 
Therefore, this is a compromise solution between these two possible implementations. Below it is 
shown the project.ElckerlyConnection.ECAInterface package. It shows an interface for the ECA 
that, in case we wanted to use another embodied agent different to the one offered by Elckerlyc (and 
that implements the BML language) it would be possible by adapting the methods of this interface to 
the new agent communication interface of a different embodied agent. 

 

Diagram 5: Level 1 project.ECAinterface package 
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3.4.4 Project.ElckerlycConnection.PRNGUtils module 
 

 During the implementation there was an unexpected selection of the behaviors that were going 
to be performed by the ECA and the gaze targets used (the explanation of the targets can be found on 
section 4). Many pseudo random numbers are used to decide which behaviors should be performed and 
which gaze should be chosen (right, left, to the middle, up or down as options and combinations of 
them). Taking advantage of the Java API the Math.random()(1

 Therefore another implementation for the random generation was sought. The best pseudo 
random number generations (PRNG) are intended to be used in cryptographic systems or in any other 
situation where true random numbers are required; but all of them tend to have the same critical 
disadvantage: they are CPU intensive tasks; and Elckerlyc by his own currently requires a really fast CPU 
(using by his own between four and six threads). Keeping in mind these ideas (try to generate random 
numbers distributed as even as possible but reducing the CPU time required) a compromise solution 
between both extremes was implemented: the Random class of Java was going to be used (very similar 
to the Math.random() method), but this time the initial seed used as a parameter was going to be 
generated by a good cryptographic PRNG implementation: the Mersenne Twister Algorithm designed 
by Makoto Natsumoto and Takuji Nishimura which is known to be one of the best dimensionally 
equidistributed uniform PRNG generator (

)  static method was used initially for all 
the pseudo-random numbers generations. This method is intended to return values that are chosen 
pseudo randomly with (approximately) uniform distribution from the range between zero (inclusive) and 
one (exclusive). However, consecutive calls to this method in a short time result in sub range 
coincidences, producing a repetition of behaviors to be performed and targets used in these behaviors. 
This occurred as consequence of the Math.random() implementation, which uses the current system 
time as the main parameter during the number generation. This was the main disadvantage of using this 
method; opposed to the fact that is really fast and does not consume too much CPU resources. 

2)(3

 The result is the package project.ElckerlycConnection.PRNGUtils, which not only includes the 
described PRNG implementations much more equidistributed and even but also it is possible to define 
the minimum range jump between a PRNG number generated and the previous one. 

) for cryptographic systems. 

  

                                                           
1 http://download.oracle.com/javase/6/docs/api/java/lang/Math.html#random() 
2 http://commons.apache.org/math/userguide/random.html 
3 http://commons.apache.org/math/apidocs/org/apache/commons/math/random/MersenneTwister.html 
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3.5 Modularity and reusability 
 

The modular design of the project is intended to be reusable in different ways. This section briefly 
explains some uses: 

- ECAExpressions: abstraction of the Behavior Markup Language for behaviors and expressions, 
synchronization methods and different programming support functionalities. 
 

- ECAInterface: By implementing the interface methods of this package it is possible to change 
the Embodied Conversational Agent; with the constraint that any other ECAs should accept the 
BML language. 
 

- ECAReactionControl: If using the Psychometer it is possible to change the set of questions or 
order without further changes in this project. Moreover it would be possible to adapt any state 
based program for another input where only it should be necessary to redesign the main 
controller inside this package. Other possibilities are, for example, changing the implemented 
algorithm described in section 2 by modifying the BehaviorStates java class inside the 
ECAReactionControl.BehaviorsGeneration package. Or all the behaviors that are sent to 
the ECA encapsulated in the BML language can be redesigned, adapted or with new 
modifications introduced by changing the class BehaviorCollection inside the same class. 
 

- Other combinations and/or reusable possibilities can be achieved in function of the needs of the 
developer. 
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4 Elckerlyc personalized environment for the Psychometer 
 

A remarkable area of the research that was not taken into consideration initially, but has 
required quite an important time investment in the total time dedicated to the project has been dealing 
with Elckerlyc.  Elckerlyc is an amazing environment where there are multiple possible designs of each 
specific environment. An Elckerlyc environment is the specific world recreation in which the ECA exists. 
This is done by implementing a new class in Elckerlyc that extends a class named “ElckerlycEnvironment” 
and setting xml file to specify the ECA (type of ECA, in this case Armandia; initial position and 
orientation, etc.). This specific environment is in the file ArmandiaPsychometerPersonalize.java, 
inside the package project.ElckerlycEnvironment; while the xml file is called 
spec_armandia_psychometer_hmi.xml. 

So far more than 50 targets have been created, respecting the OMR angles mentioned 
previously; a random gaze was also done in this area but with poor results. Other modifications till the 
moment have been adapting initial camera, establishing a TCP connection with the Psychometer just 
after starting the Elckerlyc environment (but not used because of a bug) or modifying the initial position 
and orientation on the ECA among others. It is important to mention that due to some problems in the 
first TCP connection establishment; this automatic connection is disabled by default in the current 
version of the project. If this issue is solved in the near future it will be enabled as it is desired for the 
best user experience. 

There is now an important limitation of Elckerlyc with the sub-behaviors of the type gaze; these 
cannot overlap time between them. This strong constraint has serious difficulties in achieving natural 
gaze expressions. One solution proposed by Dennis is what is called the creation of procanimations. 
This means generating behaviors at an upper level in Elckerlyc, by defining the muscles and variables like 
the time; and later mapping these new behaviors in Elckerlyc; not an easy task at first. This would allow 
moving the neck and the eyes at the same time, which would be a great improvement in naturalness. 
Because of time limitations I haven’t tried this approach, but it is interesting to keep it in the drawer. 

Besides the time invested in learning how to use and implement behaviors using Elckerlyc, more 
relevant has been the time expended in dealing with unknown bugs and problems with the TCP 
connection between both systems. This has motivated, for example, the creation of two versions of 
each behavior (one using “big” complex BML behaviors composed by sub-behaviors and the second 
version, with a sub-behaviors simplification preplanned between them with the preplanning available 
tags in the BML specification). In the next section these issues are fully explained, due to their 
importance in the time dedicated to the project. 
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5 Problems encountered and latest development solutions  
 

There have been several problems during the development that have been real time consumers, 
especially concerning setting up and debugging the code related with Elckerlyc. Working with such an 
under development project and being one of the first projects that tries to use Elckerlyc had this price: 
new unknown bugs with which this project had to deal. Opposite is the fact that all the situations 
encountered are very valuable for the Elckerlyc development team, which patiently has helped me, 
trying to solve the errors found and, in the meanwhile, offering possible solutions to avoid these bugs. 

 In this section the main problems, constraints and bugs of Elckerlyc found are exposed and 
explained; not because they belong to the main objectives of the research (generate natural expression 
and interconnect them using the states offered by the Psychometer), but for their influence in the total 
time consecrated to them from the total time of the project and the different delays suffered.  

 

5.5 Bug in the TCP connection bridge 
 

 When the first demo seemed to be ready for the release an unnatural behavior in the ECA appeared 
when she was receiving behaviors (full BML blocks -version one-), one after the other, using the TCP 
connection. It started like a “jump” effect in the movement of the ECA, and later the ECA was like 
frozen, stopping the performance of new behaviors. Obviously this experience was not acceptable for a 
release version and for a total user experience using the new version of the Psychometer. Giving the 
feeling that something was broken and, instead of improving the experience, the result was the 
opposite. 

While debugging the project, the BML code tested directly in Elckerlyc was working as expected. 
Using the normal states of the Psychometer as pauses, I was able to copy the set of BMLs generated and 
test them in the edit panel included in Elckerlyc. This panel shows debugging information of the 
executed behaviors for each sync point of each sub-behavior, and also the warning information and sub-
behaviors not executed caused by BML syntax errors or timers constraints between sub-behaviors (for 
example, when you try to perform two different gazes at the same time, constraint mentioned 
previously). But the BML generated by the project code was executed correctly and without errors when 
it was pasted in the Elckerlyc panel. So, what was wrong when the connection was done through the 
TCP bridge of Elckerlyc? Why was the execution experience so disappointing?  

As I was assuming that the information and warning offered by Elckerlyc were reliable, at first I 
considered that somehow I was using Elckerlyc inappropriately, and therefore that an unknown error 
was underlying generated by my BML messages. Firstly I started checking all the BML generated for 
every behavior (more than 60 behaviors that generated more or less complex BMLs, divided in sub-
behaviors). After verifying twice that they were produced correctly, I tested to eliminate some 
behaviors, starting with the parallel execution (blinking and waiting phase) and removing the 
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interruptions (used to interrupt a previous behavior, for example when the user wanted to continue 
with the questionnaire). Testing continued with relaxing the timing constraints between sub-behaviors, 
inside each behavior. I could verify that if I simplified the number of sub-behaviors, the ECA was more 
stable and, for a while (sometimes) I could execute both programs interconnected by the TCP Bridge. 
But it was frozen sooner or later and you were forced to close and reset both programs.  

 Due to this little improvement in the Elckerlyc interaction, I thought that the issue could be caused 
by using some complex behaviors. So I decided to try to decompose all behaviors and append them 
independently from the behavior that started in the initial state (when the ECA is centered); generating 
the second version of BMLs behaviors, and using only preplanning which forces Elckerlyc to follow a set 
of behavior instructions in time. With the version two of the BMLs Elckerlyc seemed to work more time 
but, at some random point, the avatar froze while the warning and preplanning panels offered by 
Elckerlyc continued processing the incoming behaviors and catalogued them as “processed correctly”. 
Why the ECA was still freezing continued being a mystery.  

Previously, the methodology I was following for debugging consisted in tracing the execution of my 
code, verifying that the algorithm was working fine, getting the BML output at each time and, without 
using the TCPrealizerBridge, I was copying and testing each set of behaviors in the Elckerlyc panel. The 
reason I was using this methodology is because there was another problem with the TCP connection 
and, after using a pair of ports (one necessary for the sending BMLs and the other for the feedback 
port), the connection didn’t close properly and I had to change again the ports. This problem you could 
consider it acceptable during some executions, but it was really tedious when you were executing the 
code several times as part of the debugging process. I have to mention that in the past I told this to the 
Elckerlyc development team and now they have almost solved this bug; now it keeps the connection 
between different executions when you are using the TCP connection, however the first two ports that 
you try to use in Elckerlyc are never going to work, while the second two you choose will be fine. 

After all the different test and using alternative debugging processes it could be assumed that the 
problem was isolated at when some BMLs were sent through the TCP connection. The program started 
fine (usually), but after some behaviors sent, the Avatar started to execute only some behaviors 
randomly before it froze. The main drawback of all this process is that the feedback panel of Elckerlyc 
when some behaviors are sent through the TCP connection is not informing about these issues, making 
the debugging process more difficult and the output of the feedback panel intractable. This can be 
concluded from the point of view of the programmer, as you are expecting to receive any critical error 
and, if possible, any explanation of it.  

Finally, after a meeting with Dennis he could determine that the TCP bridge client code had a bug 
and there was a problem in the client part for what it seems to be a “congestion” trying to read the 
different feedback implementations (Elckerlyc is prepared to deal with different feedback data). He 
proposed an alternative design to stop using the TCP bridge and sending BMLs to Elckerlyc directly that 
wouldn’t mean too much changes in the code and some other suggestions. With this new approach the 
problem is over now and version one of the set of behaviors could be used again. 
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5.6 Speech synchronization using Elckerlyc 
 

The second obstacle in generating natural expressions is the speech synchronization within 
complex behaviors or between simplified appended behaviors. The question here should be when and 
how to achieve some control over the speech reproduction, like pauses; or have some control over the 
intonation or emphasizing some set of words. Unfortunately, in the current version of the Behavior 
Markup Language these functionalities are not implemented and the control over speech is very limited. 
As it can be read in [12] talking about the BML language “Greta [7] is also based on SAIBA and separates 
realization into behavior planning and realization … However, it is not clear how the translation process 
is done in terms of e.g. temporal constraints resolution. While most existing frameworks implicitly make 
the distinction between realization planning and presentation, they do not offer declarative languages 
to control animation and/or define behavior lexemes” –to deal with the speech- “the problem of time 
constraint resolution has not been dealt with in a principled way (page 2 and 3)”. What this means is 
that currently there is little control over the phoneme timings. It is true that BML (and Elckerlyc by 
extension) can use declarative sync points inside a speech (this for example has been a speech utterance 
implementation in Elckerlyc on one of the last updates). But this new update allows synchronizing other 
behaviors in function of the speech, not the opposite desired functionality allowing the speech to be 
synchronized in function of other sub-behaviors. Below there is a diagram showing the current 
implementation and possibilities of a speech behavior in BML.  

There is a solution proposed in the paper title “Closing the gap between behavior planning and 
embodied agent presentation” [12] to arrange some phoneme timings over the speech. As it can be 
seen in the solution proposed for this known constraint, they have added new syntax labels for handling 
timings inside an utterance in what they called “phonetic-timing” tags. This description of how the 
behaviors must be performed is what is called the Functional Markup Language (FML). However the FML 
still remains largely undefined in the BML framework specification. 

 

 

 

 

 

 

 

 

Diagram 6:  Phoneme timings and sync point resolved in [12]  
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So at this moment you can make a small range of options: without preplanning you can 
synchronize a speech with the sync point of another sub-behavior, but you cannot modify “how” the 
speech is going to be performed. Dealing with this limitation implies reducing the naturalness of the 
resulting behaviors, because right now it seems, for example, weird not to have pauses inside a speech 
while at the same time the ECA is moving the neck, or looking at the other side; normal pauses that 
occur during a human conversation. 

 I must admit that when I tried to construct complex behaviors, I started from simple ones (what 
it seemed to be a good approach) but I didn’t keep in mind the addition of speech sub behaviors. 
Without speech the behaviors already designed seem to be much more natural than when the ECA 
performs speech in addition. So going backwards was needed in order to research how to synchronize 
the speech of the ECA with the facial expressions, at least to find the best solution. 

 For these reasons I have decided two synchronization methodologies so far: if the behavior that 
contains a utterance takes a short time, the speech is performed before the execution of the sequential 
gaze. When the behavior is long enough, the behavior is started and, before returning to the initial state 
(looking to the audience), the speech is processed at that point. For example, in the behavior 
thinkAwhileStrong, when it contains an utterance, the ECA will move the neck to a random side, 
perform at this point the utterance, moves the eyes a little bit (in version one) and finally return to the 
initial position looking at the user. This can be applied for both versions of the BML behaviors, with the 
main difference that in version two, there is no eyes movement.  

 

5.7 Elckerlyc versions and libraries updates 
 

This section is intended to describe more a constraint than a difficulty. During this research 
some bugs were found and reported to the development team of Elckerlyc. Besides, as Elckerlyc 
continues to be under development, new implementations are published continuously (for example 
recently the declaration of sync points inside a speech was made possible, or synchronizing a sub-
behavior with the end of an utterance, not possible two months ago). This has required adapting the 
code to the new SVN Elckerlyc versions, and also dealing with new libraries updates (it is important to 
keep in mind that Elckerlyc uses more than 80 libraries and other resources which, sometimes, did not 
work as expected because of the changes introduced). Moreover, new syntax changes in the BML 
specification have occurred. While some syntax declarations are now deprecated, others have 
introduced new tag labels; forcing me to adapt the code handling the behavior generation to the latest 
specification. All these continuous updates have required time to be able to use the latest versions of 
Elckerlyc and the BML specifications.   
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5.8 Elckerlyc working environments and libraries dependencies 
 

Due to the help that Java environments provide to the programmer I’ve been using two 
environments to work with the Psychometer and Elckerlyc. While using the TCP Bridge, I was running 
Elckerlyc by console or in Eclipse when I needed to implement a specific Elckerlyc world; and the 
Psychometer in Netbeans. After discarding the TCP Bridge because of the bug encountered, I was able to 
fuse both programs under Netbeans. Unfortunately Elckerlyc doesn’t run smoothly under Netbeans for 
an unknown reason. In consequence both projects have been moved into Eclipse where Elckerlyc runs as 
expected. 

I intend to release future demos and the final project in an easy way for compilation and execution 
of the project; but for the moment there is a library conflict between the Psychometer and Elckerlyc. 
This is originated because of a third library used by another deprecated library that handles the 
dictionary in the Psychometer. This library has the same package names as another library needed by 
Elckerlyc. Normally, if I had access to the original code I could rename the package and recompile this 
library, removing the conflict. But as it is an old version I wasn't able to find a suitable source code for 
this library. In any case, I will look forward to find a compilation method that avoids this conflict. 
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6 Validation 
 

This section includes the description of the evaluation process, results obtained and the 
conclusions between two versions of the project: version A, where the generation of behaviors are 
based on the Psychometer state and discriminated in function of the utterance analysis; and version 
B, where all behaviors are triggered in a random way without considering the current state and/or 
the utterance type. 

 

6.1 Participants 
 

 Twenty-four participants of the University of Twente participated in the evaluation of the 
Psychometer connected to Elckerlyc.  Four of them were involved in the pre-evaluation while the 
remaining twenty were equally distributed between the two evaluation versions (see next section). In 
the pre-evaluation three student plus one Ph.D. composed the initial testing group; Ten students 
participated in the evaluation of version A (discriminated) and another nine students and one Ph.D. 
were enrolled in the evaluation of version B (random). 

Participants are from different countries and sex, and had a variety of majors, English level and 
computer backgrounds. The participants interacted individually with the system and any interaction 
between them was avoided to prevent any influence between them that might affect their opinions. It is 
worth noting that the distribution was not very even between sexes, however the participation of 
female candidates was equally distributed. 

 

6.2 Evaluation versions 
 

There are two versions of the project. Version A is the “good version”, where the generations of 
the sequential behaviors are based on the current state of the Psychometer (except for the waiting state 
that is always generated randomly) and discriminated in function of the type of utterance that the ECA is 
expected to perform next when the behavior includes an utterance (normal or long utterance, in 
accordance to the algorithm proposed). Version A intended to create appropriate behaviors for each 
state and will be identified in this document as the “discriminated” implementation. Project B is another 
version where all the set of behaviors are generated randomly, not discriminating the state of the 
Psychometer and the utterance analysis either. In this case, along this document, version B will be 
labeled as the “random” implementation. 

As it was designed, versions A and B were evaluated by completely different test groups, 
without contact between them that might influence the results and equally distributed by sexes.  
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6.3 Objectives  
 

The objectives of the evaluation were to measure how the participants perceived each of the 
versions in terms of: how user-friendly each version is (giving a measure feedback of the user 
experience) and the attractiveness of each version (attractiveness of the generation of behaviors 
performed by the ECA and perceived by the participants). These two goals were obtained through the 
AttrakDiff evaluation process (more information in the next section). 

During the interpretation of the result it was intended to extract superficial impressions about 
the use of each participant of the system; taking a general idea of the time they were looking at the ECA 
or at the dialogue window (output shown in the Psychometer user interface) or the time they did spend 
typing or seeking definitions for English words in the offered browser window. To achieve these points, 
the participants of both versions that agreed were recorded with a webcam. 

Finally, by fulfilling an extra form with some closed questions and open suggestions, participants 
gave information complementary to the AttrakDiff process. This allowed the extraction of data to 
quantify the English level and the computers skills that participants believed to have (not included in 
AttrakDiff). Also participants could rate the naturalness of the ECA behaviors by giving a grade from one 
to five (extremes from very natural to totally unnatural) which is comparable to the attractiveness value 
offered by AttrakDiff. Also, due to the utterance constraints imposed by the version of Elckerlyc used 
during this project, participants were asked to rate if they believed that utterances were performed in a 
natural way considering intonation and synchronization. In case they gave a value below three, they 
were asked why, in their opinion, utterances were not performed naturally. However, if participants had 
rated above three but had a solid opinion about the utterance performance their impressions were 
collected in this section of the form. 

At the end of the form there was an open section where each participant could give comments, 
ideas or suggestions on the version they had used. This was based on informal conversation about the 
project that was oriented to extract ideas and feelings from the participants. Some very interesting 
annotations have been extracted from this section. 
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6.4 AttrakDiff Evaluation 
 

AttrakDiff evaluation consists of numerous word-pairs which simplifies the rating procedure for 
the user. Each word of a pair represents the extreme opposite. There are other possible gradations, 
from one to seven, to choose from between the two extremes. 

The theoretical model implemented in AtrakDiff separates these four essential aspects: 

• The product quality intended by the designer. 
• The subjective perception of quality and subjective evaluation of quality. 
• The independent pragmatic and hedonic qualities. 
• Behavioral and emotional consequences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: An example of word-pairs in AttrakDiff 

 

 After all the participants are done, AttrackDiff generates an evaluation report for each version A 
and B. The study assesses each of the two different projects separately and then compares them, 
providing an overview of how the participants perceive each of the versions in terms of how user-
friendly (user experience) and the attractiveness is each version.  
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The evaluation report generated by AttrakDiff gives an evaluation based in four possible 
measureable dimensions: 

• Pragmatic Quality (PQ): Describes the usability of the product and indicates how successful 
users are in achieving their goals. 

• Hedonic quality or stimulation (HQ-S): describes the experience in terms of novel, interesting 
and stimulating functions, and interaction with the user. 

• Hedonic Quality or Identity (HQ-I): indicates to what extent the project allows the user to 
identify himself with it. 

• Attractiveness (ATT): describes the global value of each version based on the quality perception 
of each participant. 

 

By analyzing the results obtained the average user experience can be related with the PQ qualities. On 
the other hand, the naturalness of the behaviors expressions can be obtained from the results of the 
Attractiveness mark.   

 The AttrakDiff evaluation was chosen based on several motivations. Firstly because the 
theoretical work model used by AttrakDiff was researched and tested in several studies by Hassenzahl, 

who has been wildly exploring new areas in evaluating user experiences and perceptions(4

 

) in human 
interaction with computers. Secondly, AttrackDiff automatizes all the process for the evaluator, 
including processing the answers and the generation of an evaluation report giving measurable results 
and the confidence of these results. Also, the surveys are very short (less than 10 minutes) and the 
participants don’t have to dedicate too much time. At last but not least important, due to the little time 
left, I was able to focus on analyzing the results instead of the processing of data  and in analyzing the 
results of the complementary questions and the open comments. 

6.5 Other data collection, questions and open comments 
 

In order to complement the AttrakDiff evaluation, for each participant, an extra form was filled 
with the next information: 

Specific complementary data of each participant: 

• Country of origin 
• Computer skills they believe they had: low, medium high 

 

                                                           
4 http://www.attrakdiff.de/en/AttrakDiff-/Publications/ 

http://www.attrakdiff.de/en/AttrakDiff-/Publications/�
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Close measurable questions to complement AttrakDiff, in a range between one and five: 

• What English level do you believe you have? 
• Do you think that the agent generates natural behaviors? 
• Finally, about the utterances, do you think that they are performed naturally? In case they 

aren’t (less than three), open response: Why do you think this? 

 

At last there was a round of open comment in this form. I tried to encourage participants to talk as 
much as possible motivating them, but of course this section depended on each user and their 
collaborative manner and perception skills. Many interesting ideas and points were extracted from this 
section, some of them considerations I was aware of. The main questions to start this section were: “Do 
you have any comment, idea or suggestion about the project? Did you find any problem, something you 
liked or disliked of the program?” 

 

6.6 Procedure and Design 
 

Participants executed individually the Psychometer connected with Elckerlyc using my personal 
computer (despite the fact that this was not the most adequate solution, but due to the resources that 
actually needs Elckerlyc to run smoothly and avoid crashes of the ECA it was practical). Before starting 
the evaluation, each participant raffled a random ballot to decide which version (A or B) was going to 
evaluate.  

There was in total ten ballots with the version A –discriminated- and another ten with the 
project B –random- label. This was done to distribute both versions as even as possible between all the 
participants. Due to the fact that fewer women were participating in this evaluation, each time woman 
extracted a ballot with a concrete version the next female participant was asked to run the other version 
without drawing and a ballot was remove from the pool of ballots; repeating this process for every two 
female candidates. This was done to ensure an even distribution between sexes too. 

Sixteen participants ran the project for a total of twenty minutes, time given by the Psychometer 
for two sessions or rounds of questions. Some participants did not want to execute twice the proposed 
version which was not adequate to ensure the same conditions for all the participants. The deviations 
originated by these cases are commented separately. No advices or comment were given to the 
participants before running the version they were supposed to evaluate. A paper with the instructions 
was left to the user, explaining how to use the Psychometer and the types of answer allowed under 
which conditions (explaining that they could answer with words like always, maybe, usually or never; 
other phrases accepted by the Psychometer and in case of inserting an answer that was not understood 
by the Psychometer, that they could insert a scale number between one to five). After I verified they had 
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executed the correct version and that the Psychometer and Elckerlyc windows were positioned in fixed 
positions, I left the room and I let the participant alone during the execution. 

During each execution, a webcam was recording the participants that agreed to (fifteen in total). 
This allowed to contrast the user experience and extract a general idea of how much time each user 
dedicated to typing, how much time was she/he looking at the ECA and how much time was she/he 
looking at the Psychometer dialogue window. Also, an online dictionary was offered in case they did not 
understand something. In order to distinguish later in the recorded videos how much time participants 
had to invest consulting the dictionary, a browser was open with the Google Translate webpage in 
another screen, different to the main one with the Psychometer and Elckerlyc windows (which were in 
the main screen). This was useful to extract general impressions of the recorded videos and know 
exactly where each user was paying attention to at every moment. 

After each user finished with the execution, they were requested to fulfill the AttrakDiff 
evaluation immediately while they could keep a fresh impression of the experience. From this 
evaluation data it was possible to gauge the attractiveness of the product in terms of usability and 
appearance and whether optimization was recommended and/or necessary. In case they did not 
understand a word from the AttrakDiff evaluation, they were asked to consult the dictionary to ensure a 
proper response for each pair of words. 

Later I gathered information about their native country and computers skills (low, normal, high). 
No more data was necessary in this part because AttrakDiff requested data about their age, gender and 
studies before starting the evaluation. Next participants were asked to rate their English level, if they 
liked or disliked the program (to measure the emotional perception in company with AttrakDiff) and 
what did they think about the synchronization and naturalness of the utterances performed by the ECA. 
These three questions were marked between one and five to measure them. Finally, the open 
comments section was started. Here I tried to extract any comment, idea, suggestion or problem that 
each participant may had. 

 

6.7 Results 
 

The results obtained are divided in three sub sections. The first one shows the results generated 
by the AttrakDiff system, including a comparison between the versions and the results for each 
individual version. Next the results generated from the forms filled by the participants are presented, 
followed by a section that denotes the most relevant impressions given by the participants and the 
observations extracted from the recorded videos. The last section collects the deviations occurred 
during the evaluation.  
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6.7.1 AttrakDiff Results 
 

This section covers the main points of the AttrakDiff evaluation report. It starts with the 
comparison between version A (version which discriminates behaviors) and version B (random behaviors 
generation). Later there is an individual report for version A and version B. 

 

6.7.2 AttrakDiff comparison between version A and B 
 

There is a better perception of version A –discriminated- compared to version B –
random-, both in Pragmatic Quality (PQ) and Hedonic Quality (HQ) but nuanced. Moreover the 
confidence rectangles suggest with what certainty the version equals the mean values of the 
characteristic dimensions. Unfortunately, the confidence rectangles for both versions are bigger 
than the desired ones, probably caused by a limited sampling of participants and/or differences 
in the version ratings of the users.  

In terms of PQ, which can be related to usability and how successfully participants were using 
the system (therefore user experience) version A performed a little better than version B, 
however this difference is insignificant as it can be seen in diagram 8 and 9. 

HQ is composed by identity and stimulation aspects (HQ-I and HQ-S in diagram 8 and 9). Identity 
quantifies to what point the participant could identify himself with the version he was running. 
Stimulation covers concepts like novel, interesting or stimulated during the interaction of each 
participant. In terms of the identity aspect of HQ, version A performs a little better than version 
B. However, again, this different is statically insignificant. On the other hand, in terms of the 
stimulation aspect of the HQ, version A performs better than version B and the difference is now 
significant. 

The last quality is the attractiveness. In terms of how much each participant “liked” the 
program; A performs better than version B with a significant difference. 
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Diagram 7: Average values of PQ and HQ and their respective confidence rectangles. The values of HQ are 
represented on the vertical axis (bottom is low). The horizontal axis represents the PQ value (left is low). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 8: Mean values of the four AttrakDiff dimensions for version A (discriminated behaviors) against version B 
(all behaviors random). 
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Diagram 9: Mean values of AttrakDiff word pairs for version A (discriminated behaviors) against version B (all 
behaviors random). 
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6.7.2.1 AttrakDiff report of version A –discriminated- 
 

Version A was rated as “fairly self-oriented” by AttrakDiff. The results are: 

PQ:  

HQ identity: 

 

HQ stimulation: 

 

Attractiveness: 

 

 

 

 

6.7.2.2 AttrakDiff report of version B –random- 
 

Version B was rated as “neutral” by AttrakDiff. The results are: 

PQ:  
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HQ identity: 

 

HQ stimulation: 

 

Attractiveness: 
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6.7.3 Personalize form results 

 
• Country of origin of the participants: The participants belong to a variety of 

countries, but eight of them were Spanish.  There were international participants 
from: Australia, Ireland, Italy, France, Mexico, Costa Rica, Morocco and Bulgaria 
between others. 

 

• Measurable concepts: Below is shown the means calculated from the personalize 
forms filled by participants. In average participants had a medium-high English level; 
rated much better the naturalness of version A (discriminated) and perceived the 
utterance performance as acceptable but with room for improvement. 

 
 

Criteria Version A Version B All 
 

English Level 
 

 
3.9 

 
3.8 

 
3.85 

 
Naturalness of the 

ECA 
 

 
4.1 

 
2.9 

 
- 

 
Utterance 

performance 
 

 
3.7 

 
2.6 

 
3.15 

  Table 10: average rated from one to five values extracted from the participants’ forms. 

 

6.7.4  Open participation 
 

Open participation offered great ideas about the whole systems (dialog and Elckerlyc sub systems) 
and some hard criticisms to different areas, specially the utterance performance (for both versions) and 
the naturalness of the behaviors in version B (random). It is worthy to say that in version B participants 
were more critical with the utterance and it can be said that they were influenced by some long 
behaviors executed by the ECA in a random way. In this section there is the main collection of ideas, 
suggestions and improvements offered by the participants about the Psychometer dialog and the 
Elckerlyc connection. 
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6.7.4.1 Contribution to the Psychometer dialog 
 

- Many participants agreed that it was a little bit disappointing that users are able to 
answer with a numerical value only when the Psychometer dialog is requesting a 
new input (due to that the program did not understand the previous input entered 
by the user). Participants agreed that this function should be accepted during all the 
execution or, in words of one of the users, “is better if you remove the numerical 
option at all instead of enable it only in some cases”. Two in A and one in B gave this 
impression. 
 

- Three of the version A (discriminated) participants declared that sometimes the 
dialog system repeats the same question several times reformulating it and they did 
not like this behavior. In one case, one participant told me that he had to answer 
three times the same question and he felt that the system was “not very smart”. 
Repetitions may be important in the Psychometer to contrast and verify different 
questions, but possibly it should improve the user interaction if these repetitions 
were alternated between other questions. 
 

- Another contribution given by the users (three for both versions) is that a session of 
ten minutes can be too short if the user is distracted too much. One participant 
offered a great idea: a session should be finished not only when you reach the ten 
minutes, but also when the user answers a minimum number of questions. 

 

 

6.7.4.2 Contribution to the ECA 
 

- Most of the A (discriminated) version participants liked the ECA considering it “nice 
or funny”, especially when the user enters an invalid input and the ECA becomes 
angry (three in A). On the other hand, seven of the participant in version B (random) 
found that the expression generation doesn’t match the current situation (declaring 
that the ECA should be more realistic); to the extreme that one participant said that 
it was a little bit scary the angry expression of the ECA when she was 
listening/reading one question. 
 

- Also they declared that the ECA should have more movement (four users in both 
versions) or that it should continue talking while performing a neck movement (two 
in both versions). Curiously, in version B (random), four of the participants declared 
that the ECA takes too long to start to perform the sequential behaviors. The same 
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happens in version A, but it was perceived by half of the participants. In words of 
one of the A (random) version user “sometimes is like a start and stop performance, 
that’s what I perceived”. Another participant said that the expressions should be 
more marked; while four of the participant in A and B considered that the behaviors 
should be improved and/or friendlier (one participant in A –discriminated- believed 
that the ECA was like tense or stiff). Another one declared that he would prefer to 
see movements of the hands and body. Also, there was a general idea (four in both 
versions) that sometimes is confusing where the ECA is looking at.  

 
 

- Finally, some male participants would have prefer a more attractive ECA face while 
one of the female participant declared that she would have preferred a male for the 
ECA. 

 

 

6.7.4.3 Contribution about the utterance performance 
 

- It is worthy to remark that participants of version B –random- disliked more the 
utterance performance that participants of version A –discriminated-. This can be 
motivated by the fact that some long behaviors generated by the random function 
had a short utterance but the behavior performed was designed for a long 
utterance; so this observation has another interpretation: users perceive behaviors 
that should be performed in function of the utterance length like is declared in [1] 
and [2]. 
 

- Two of the participants believe that the voice should be more natural (more similar 
to a human voice) while an important proportion of the participants (eight in total) 
agreed that there are too many pauses, mainly located at the beginning of a 
behavior that contains an utterance; while other told that some words are hard to 
understand and/or that they perceived the utterance as “strange”. 

 
 

- Other individual contributions were that they didn’t like too much the 
synchronization or that they considered that the timing was too long between 
words (one user for each case). 
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6.7.4.4 Contribution about the system as a whole 
 

These contributions were given more individually but the importance of these 
suggestions should not be discarded. It is likely that, if more participants had been asked 
about these contributions they would agree in most of them. The best ideas given about 
the system as a whole (Psychometer dialog and the ECA window) are: 

- Four of the participants declared that there is no sense to have both systems in 
separate windows. It is a common consideration that having two different windows 
penalizes the user experience and downplays the role of the ECA. 
 

- Two participants agreed that it would be better if the system had accepted natural 
spoken language recognition input, leaving the keyboard as a secondary option.  
 

- A female participant of version A declared that the dialog should appear at the same 
time that when the ECA is performing the utterance. Moreover she declared that 
the user experience would improve and the user would pay more attention to the 
ECA because the current solution makes the user to focus firstly in the dialogue 
output that the user receives. In fact, this participant argued that the delay 
perception of the utterances would be reduced by delaying the dialog output, at the 
same time that the user would pay more attention to the ECA. 
 

- Another great apportion by a post Ph.D. participant was that, in his opinion, there 
should be a world recreation for the ECA. Despite this is an aesthetic aspect, in his 
opinion this would submerge the user in the ECA virtual world and therefore 
improve the attractiveness of the project. 

 

6.7.5 Recorded videos observations 
 

Without considering the deviations (commented in the next section) there are some interesting 
impressions about the interaction of the participants of both versions. Something common in most 
of the videos is that participants, at the beginning, pay more attention to the Psychometer dialog. 
During the second session participants were more familiar with the system and at this point they 
were paying more attention to the ECA instead of the Psychometer dialog (they looked more times 
and I could extract more feedbacks from their facial expressions). About this fact, participants of 
version B –random- seen to be unpleasant with the ECA behaviors and showed some disappointed 
feedbacks later.  
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Something that was very common for both versions is that some participants (six in total) had “a 
fight” with the numerical input and they tried to use it when the system did not allow it, despite the 
fact that this was clearly exposed in the instructions given at the very beginning of the evaluation 
(later most of these participants declared this as a negative feedback). An extreme case was a user 
that tried all the time to use the numerical input and later complained about this (and admitted that 
she did not read the instructions). This shows a reality in interactions between users and computers: 
it does not matter how good the instructions are (of course until a user requires the instructions) 
but the general rule is that a user is going to try to avoid seeking into the manual of the system (and 
this tends to be proportional in many times to the length of the manual!). 

Participants who declared to have an average English level used more frequently the online 
dictionary, while the native English participants didn’t use it at all. As a curiosity, participants needed 
more the dictionary when they were filling the online AttrakDiff questionnaire than using the 
program. 

Another perception is that users that needed to look to the keyboard during typing spent much 
more time in this task than looking to the ECA or the dialog either. These participants declared to 
have medium computer skills (nobody in fact declared to have a low level) and gave later fewer 
feedbacks about the ECA and the dialog system as a general rule. 

Another remarkable observation is that female participants tend to look more to the ECA 
window compared to male participants. But this observation is nuanced due that the proportion 
between female and male participants were one to five. More females would be required to admit 
this observation as a valid pattern. Nevertheless, as it can be read in [15] female usually have more 
interpersonal curiosity than males and though the ECA is not a real person, users tend to humanize 
them because as found in [16] “they seem to be like a human therefore ECAs are considered like 
smart characters with human reactions (page 257)”, so this observation is not as disparate as I 
thought at first. 

 

6.7.6 Deviations 
 

There were four participants that did not execute their respective version in equal conditions to 
the rest of participant as it would be desired. Three of them executed the project for only one 
session (like ten minutes). This was motivated because initially I told them that the evaluation would 
take like fifteen minutes and when they came to the meeting they argued that they did not wanted 
or could not stay for thirty minutes as I requested (change introduced during the pre-evaluation and 
based on the observation that participants paid more attention to the Psychometer dialog at first).  
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These participants showed a deviation not only in the questionnaires, but also in the open 
discussion section where their contributions were, in average, fewer than other members who run 
the project for two sessions. In fact two of these participants complained during the open discussion 
that they were not able to answer properly the questions about the ECA because they did not look 
at it too much. Moreover, in the video recorded from one of these participants he seems to interact 
with the system like he was in a “race competition”, not looking at all to the ECA or the Psychometer 
dialog either and answering most of the questions even before the ECA was starting each behavior. 
Later, this participant marked the question about “naturalness” with the lowest mark from all the 
members of version A. However, as there were one deviation in group A and another two in group B 
I keep their results for practical purposes and keeping in mind that the total deviations represented 
6.7% of the total users (being more or less distributed in both groups A and B). 

On the opposite extreme there was a post Ph.D. participant who ran version B and executed the 
program for a little bit more than three sessions. In this case this user was really curious about the 
project and put me in a compromise trying to make me answer his questions; which I could not give 
him during the evaluation to avoid any influence in his results. In this case this user did an intensive 
use of the system and tried to stress it (answering fast, normal or very slow; trying to repeat 
behaviors and looking most of the time to the ECA). His participation was great more than an 
undesired deviation. During the open participation he criticized most of the aspect that other 
members remarked and had a great positive collaboration manner. This could be slightly influenced 
by the time he ran the program, but I tend to think that his curiosity was natural (personal interest) 
and that he was more motivated than other participants by the fact that he had to deal with other 
evaluations in the past in the role of the evaluator 

 

6.8 Evaluation conclusions 
 

Many conclusions have been extracted from the results of the evaluation. From the AttrakDiff 
reports we can ensure that the attractiveness of version A –discriminated- is higher than B –random- 
without doubts, but we cannot conclude with confidence the same affirmation for the user experience 
and usability of the system; version A performed slightly better than version B but both confidence 
rectangles overlap and therefore it is not possible to ensure that version A or B either is  rated “usable” 
and to what point the use of the ECA increases the user experience with the Psychometer dialog. To 
extend this with some certainty, it would be necessary to compare a version with the ECA with the 
original Psychometer.  
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Personally speaking I believe that the user experience is improved but to make the project really 
useful it should be improved in some areas like integrating both windows (ECA and dialog) in one 
(maybe with the ECA as the protagonist and the dialog shown below with a delay compensation with the 
utterances), creating an appropriate “virtual world” for the ECA (like for example a desk) and avoiding 
the random gazing and giving a meaning to the neck movements (for example gazing to the dialog 
system when the user is entering the input and looking a “notebook” when the ECA is supposed to be 
“reading the question”). And, of course, improve the generation of the behaviors currently 
implemented. These are just some improvements, which are extended in the conclusions of the project, 
sub-section improvements recommendations. 

Additionally there are studies that add more controversy to the debate of how to measure the 
usability of a system that integrates an ECA. As we can read in the conclusions of a paper that evaluates 
methods for multimodal system [17] (and where they compared AttrakDiff to other systems) 
“Considering these results it remains unclear which system is the one with the best usability measure. It 
is rather shown that questionnaires designed for unimodal systems are not very applicable for usability 
evaluation of multimodal systems, since they seem to measure different constructs. The questionnaires 
with the most concordance were the AttrakDiff and the SASSI”, and which finish with this phrase 
“Overall further studies are needed to see if these two questionnaires show matching results also for 
other multimodal systems”. This does not mean that AttrakDiff is a bad evaluation methodology at all 
but it is necessary to understand the results with a certain perspective. If we take a look again to the 
confidence interval of the HQ of AttrakDiff (meaning if the user liked or not the experience) we can 
observe that this interval is bigger than what we would desired. But how it can be reduced? Obviously 
each user is a different human being with different perceptions of what “she/he likes or dislikes” and 
probably it will differ from other users. On the other hand, which is quite good, the confidence interval 
of PQ in version B –random- is bigger than A –discriminated-, meaning that with a high probability the 
usefulness of version B changes more than in version A, and with more confidence it can be declared 
that participants of version A agreed more that this version is more useful than version B. So it is not 
possible to ensure the usability of both systems, but we can say with certain confidence that the random 
generation of expressions performed by the ECA is less useful in version B than in A. Therefore, the 
participants perceived better the interaction with the system as a function of the algorithm 
implemented (version A) than without it (version B). 

In terms of attractiveness the study done in [17] concludes that AttrakDiff offers a good solution 
to measure how much users liked the program as we can read in “on the AttrakDiff’s overall scale 
attractiveness … got the highest ratings”. Additionally we can compare the attractiveness value given by 
AttrakDiff with the mean values of the naturalness grade given by the participants where version A was 
rated with a 4.1 from a total of 5 (including the deviation of one user which rated this part with a value 
of two), while version B was rated with a 2.9 from a total of 5. This coincides with the results of 
AttrakDiff where version A was rated as “very attractive” while version B was rated as “moderate 
attractive”. Therefore it is possible to conclude that users liked more versions A than B and that they 
considered that version A performs more natural behaviors than its counterpart. Obviously, as AttrakDiff 
concludes too, there is room for improvement as already was known before starting the evaluation.  
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About the utterance rates it is interesting how people perceived better version A where the 
main difference is that version B can perform long behaviors for normal utterances. However, I must 
admit that the average grade of the utterance is not as bad as I expected initially; but of course 
participants perceive that there performance can be (and should be) improved in this area. 
Unfortunately this obstacle was difficult to avoid due to the constraints imposed by Elckerlyc in the 
version used during the development of this project. 

At last but not least important, the open participation offered great ideas to improve the 
systems and gives the guidelines that might be need for future versions of the project. Improvements 
are plenty explained in the conclusions section of the research document and these ones are based, 
largely, in the ideas and critics given by the participants during the open participation. 

To summarize: to increase the usability of the system (keeping in mind the three 
commandments of “usability”: easy to use, easy to learn and easy to remember) I truly believe that the 
proposed phase two of the project would have improved this area (where by analyzing the utterance we 
should perform behaviors in line). I believe this because precisely, an embodied conversational agent is 
more useful when it gives an appropriate feedback to the user at every moment. But this has to be 
designed very carefully to avoid the opposite intention as can be seen in some examples in [16]. On 
course, if we sum some improvements and achieve a better performance of the utterances, the 
attractiveness and naturalness perception by users would be increased too. 
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7 Project conclusions  
 

The goal of the Behavior Markup Language is to create a representational framework for real-
time multimodal behavior generation in embodied conversational agents.  Since the very beginning of 
the BML framework specification in 2006 it has been proposed the knowledge structures that describe 
the form and generation of multimodal communicative behavior at different levels of abstraction. The 
levels [13] “represent the interfaces between the stages for (1) planning communicative intent, (2) 
planning multimodal realization of this intent, and (3) the realization of the planned behaviors. 
Mediating between the first two stages is the Functional Markup Language (FML) that describes intent 
without reference to surface form; the FML still remains largely undefined.  Between the last two stages 
sits the Behavior Markup Language (BML) that describes human nonverbal and verbal behavior in a 
manner independent of the particular realization (animation) method used”. During the research of this 
project, based in the implementation of the BML framework in the Elckerlyc project, it has been proved 
the progress done in the BML implementation. But as we can read in [13] the field which requires a 
boost is the functional specification. In other words, there has been a great advance in the specification 
on “what the ECA must do” using the BML language, but there still room for improvement in the 
specification of “how it must be done by the ECA”. This fact was shown in the areas of the utterance 
performed and some of the time constraints during the design of the gaze behaviors. 

Focusing on this project, some gazing behaviors performed by the Elckerlyc’s ECA have been 
developed as the bridge to connect the Psychometer, using as a basis the different inside states that the 
Psychometer reaches at different times during its execution (remember that the Psychometer is a 
sequential program based in a turn-by-turn interaction with the user). The result has been what along 
the research was called the sequential behaviors generation. As it has been shown during the 
development of this research, sequentially is not a real compatible partner for real-time multimodal 
behaviors. Therefore, to introduce more natural behaviors two threads have been implemented to deal 
with real-time behaviors generation (what is called the waiting behaviors, executed after a pseudo-
random waiting time for the next interaction with the user and the blinking behaviors, which are 
independent from the current internal state and the user interactions during the execution). The main 
goal was to simulate the human behavior in the ECA; for instance, to have the tendency to gaze away 
from listeners at potential turn-taking positions when they want to keep on talking and to give a 
feedback to the user in the key role of turn-taking behaviors. To make it possible the algorithm proposed 
in [1] has been modified to adapt it to the current circumstances; but in essence continues the same 
philosophy. This algorithm shows to be a good approach for turn-by-turn applications, however an 
important mention must be done: this algorithm is based in the assumption that there is a total control 
over the timing, but the reality is that Elckerlyc, as the BML specification says, does it best to satisfy the 
timing constraints. In consequence, as a developer it is not possible to achieve exact timings (e.g. two 
exact syntax BML messages may differ in the time performance); however the main time percentages 
presented in [1] have been achieved in an approximate way. This is explained in section 2.3 of this 
document. 
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There have been difficulties during this research project as a direct consequence of using an 
under development project like Elckerlyc, which have been explained in section 5 of this document. The 
main consequence is that this project has ended only with stage one of the initial proposed phases. 
Phase two would have increased the naturalness of the behaviors performed and gave the user a better 
feedback by using the current utterance information that could be extracted (so the user experience 
would be richer). A substantial handicap of the project is that, not receiving from Elckerlyc what errors 
occur and why (as it was expected), is a debugging constraint that should be seriously taken in 
consideration for the future implementations of Elckerlyc. A working debugging tool is necessary and 
not having it can induce errors that you are not expecting and, more severe; you don’t have a way to fix 
it. The good news of all this is all this effort will help the Elckerlyc team to improve the system and 
future users, to have a better knowledge of the system. And the personal benefits, as I had the 
opportunity to deal with such a big project like Elckerlyc, common situations with unknown bugs, and 
make possible an adaption of and old program like the Psychometer (which was, part of it, implemented 
seven years ago with a different Java JDK version). Dealing with all these has given me the opportunity 
to learn how to react under different situations that had happened. 

It is important to mention that I was forced to implement different undone parts in Elckerlyc 
(like for example the specific Elckerlyc world explained in section 4) and adapt constraints imposed by 
Elckerlyc under some circumstances (section 5). In many occasions, there was a lack between what and 
how you may want to achieve some behaviors, and what you really were able to do. Achieving good 
gazing behaviors in time is not so simple, and to define the criteria of “good” as well. It was not only a 
matter of researching the design of the desired gazes, but it also concerned contemplating the 
possibilities of Elckerlyc under each new version, and adapting the environment in a consistent way.  

In some areas of the research I am satisfied with the implementations done, and some of the 
solutions proposed (time independent gazes and blinking, the longUtterance() method, 
representation of Java expressions, etc.). Also the interaction between the new code and the previous 
version of the Psychometer is working perfectly, and I had achieved the goal of keeping data uncoupled 
between the different modules most of the time. As it has been commented in the design section of this 
document, I have achieved the goal of making independent the code from the Psychometer (and the 
type of questions), and from the ECA that performs these behaviors.  

On the other hand I was expecting more natural behavior results with Elckerlyc. Elckerlyc is a 
great tool, albeit some behaviors are more successful than others. For example, behaviors that you 
might use in a fitness training program, performed by an avatar of Elckerlyc, offers better naturalness 
results; and keeping a great synchronization between the different body engines implemented in 
Elckerlyc. Nevertheless in the current implementation of Elckerlyc some behaviors have been studied 
and implemented in the ECA better than others. Besides, behaviors that involve gazing or speaking need 
to be improved. In fact, when I began with this project there was only one way to generate gazes, which 
imposed using a target to specify to the ECA where to look. On the last implementations now it is 
possible to gaze without target, specifying different angles and offset of body sub-sets likes eyes or 
neck. These are the kind of improvements that Elckerlyc needs, and the development team is working 
hard in these gaps. As a curiosity, since I started the project, many improvements have been achieved 
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about these constraints; and probably more will come soon, allowing future integrations with Elckerlyc 
to achieve a better naturalness in embodied agent conversations in different situations. Another 
example is the utterance performance obtained, which is explained in section 5.6. The main problem is 
that you could not specify how to perform the utterance (like pauses, intonations, etc.) I proposed a 
solution that was been developed in another university to solve these obstacles. Future users of 
Elckerlyc can smile, now Elckerlyc implements this solution that allows specifying the functional part of 
utterance behaviors. Moreover a new great tool has been developed: a facial expression generator 
where you can obtain the desire expressions and this tool generates the BML language to generate 
them! So now the expressions design has been simplified for future developers. 

Despite these constraints, as we can see from the evaluation results nobody have disliked the 
resulting behaviors, which is quite good. Also I can say that there are others aspects than behaviors 
timings that have more influence in the resulting behaviors and that; in general, the utterance perceived 
behaviors are not as bad as I initially expected. Nevertheless, there is a lot of room for improvements. 

  Personally speaking and based on the participations I would recommend improvements to 
increase the usability of the system and the naturalness of the ECA. Firstly, instead of using two 
windows for the system (one for the dialogue windows and another for the ECA) there should be a 
fusion between these two windows. For example the ECA could be shown as the main area of the 
window and, for informative purposes, the dialog window could be shown below the ECA. However, to 
make this possible a new graphic container should be used and the current graphical implementation of 
the dialog should be recoded to the new Java version. Other areas for improvement are, of course, 
redesigning the current behaviors and research the phase two that was intended for this project. This 
would give an appropriate feedback to the user at every moment, improving the user experience. Right 
now, when a long utterance is going to be performed, the ECA might look to the right of the left of the 
screen. Instead of these behaviors, I would recommend two new behaviors. A virtual notepad could be 
designed for the ECA so, in some occasions, the ECA could look into it to “read” the next questions. Also 
it could look into the typing dialog when the user is entering some text. In case both windows were not 
joined into one, the position of the dialog window could be extracted and the ECA could use it as a 
target for some of the gazing behaviors. This was not possible before, as the target had to be compiled 
before the execution of the program. But with the last version of Elckerlyc it is possible to achieve gaze 
movements using only BML language and in a dynamic way.  

Some remarkable ideas given by the participants would recommend improving other areas. For 
instance, the dialog should have a delay synchronized with the ECA (or maybe words could appear at the 
same time they are processed by the ECA). This was not possible before; but now with the new FML 
implementation to specify how the utterances must be performed there is control over the speech. 
Obviously, not mentioned before, I would recommend to implement again all the utterance parts but 
applying the functional layer to introduce intonations and pauses now that is possible. The sum of these 
previous utterances suggestions would boost the attractiveness and the user experience of the project.  
Another interesting improvement would be to design a virtual space where the ECA “lives”. For example 
a Psychological room could be designed to enhance the user immersion in the program. Finally, it would 
be great to implement speech recognition to complement the keyboard input. Obviously this is not an 
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easy task and the best results are obtained in training systems. However there have been incredible 
improvements in this area. As a curiosity, there is now an Android application (mobile oriented so it 
does not require a powerful machine) that is called WhatsApp(5

What about the Psychometer system in his latest version? The evaluation has shown some 
improvements that should be implemented into this system. More words should be included in the 
current set that is recognized and the inclusion of the numerical input should be allowed during all the 
execution. Finally, repetition of questions one after the other should be controlled. It is true that when 
questions are repeated the phrase is formulated in a different way, but some participants have 
complained about this fact. I suppose that this kind of repetitions is important to ensure the validity of 
some responses. But in my opinion these repetitions must be interspersed with other questions. 

) that includes an amazing speech 
recognition software with a high accuracy and that it does not require previous user training! You can 
speak to your mobile to avoid typing chat messages, even long and/or complex phrases, with an 
accuracy of 98%!  

 

7.1 Videogames application example 
 

The near future applications from a unified specification of the BML and FML are 
incommensurable when obtaining natural behaviors. 

 Just a small example, besides the typical known applications to support the interaction 
between user and computer, it could be massively used in the production chain of videogames, an 
industry that right now is bigger that the music and films industries together. One of the most time 
consuming (and therefore expensive) areas in videogames development is the behavior design and 
implementation of 3D avatars enrolling the game, which is usually done from the beginning for each 
character in a 3D game and the production of spoilers (short 3D videos that appear in games). 
Implementing technologies like the one offered by Elckerlyc, not only would reduce the time 
investment but also would make possible the appearance of new videogames conceptions where 
the behaviors of the avatars could be generated in real-time, opening new possible approaches and 
ideas in the design of video games. Nevertheless, the BML and FML specifications and 
implementations must be improved to be an option in this kind of example. 

 

 

  

  

                                                           
5 http://www.whatsapp.com/ 

http://www.whatsapp.com/�
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Appendix 

A. Compilation, execution and main configurable constants 
 

Assuming that Java is installed and included in the path under Windows, run the 
compile_project.bat script to compile the project; and execute the run_project.bat to execute the 
project. This is valid for both versions A (discriminated) and B (random). 

In case it is desired to run the project under Linux (with Java installed and properly configured); 
you may open both scripts and copy and paste the commands inside to be able to compile and run 
both project. Remember to change the inverted slash “\” for the normal one “/” for each 
appearance in the script commands. 

 

Configurable constants in the project 
 

- ECAExpression.Behaviors.Behavior: 
 
 BML_ID_NAME: tag label that composes the first part of every BML identifier generated 

by the system. 
 

- ECAInterface.ElckerlycConnector: 
 
 DEL_ELCKE_INTERFACE: when value equals true, shows all debugging BML messages 

sent to Elckerlyc. 
 BMLPORT: When using the TCP connection, specifies the BML port used in Elckerlyc. 
 FEEDBACKPORT: When using the TCP connection, specifies the feedback port used in 

Elckerlyc. 
 

- ECAReactionControl.ECAController: 
 
 DEBUG_CONTROL: when equals to true, shows information in the console about all the 

system, like all messages sent to the ECA. 
 WAITING: waiting time to initiate the start of Elckerlyc. Avoids the Psychometer starting 

too earlier (when this happens, the first behaviors are not processed by Elckerlyc). 
 

- ECAReactionControl.UtteranceAnalysis: 
 
 FILE: name of the file with the historical utterance data of the users. 
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 MIN_WORDS: Constant that defines the minimum words that an utterance must have to 
consider it in the further analysis. If a concrete speech has less number of words than 
the specified by this constant it will be automatically classified as a normal utterance. 

 PERCENTAGE: Percentage of words to calculate the mean number of words in the 
already processed speeches. 
 

- ECAReactionControl.BehaviorsGeneration.BehaviorCollection: 
 
 APPEND: When this constant is equal to true all the behaviors generated are in the form 

"append-after" activating preplanning (version two of the generated BML Behaviors, see 
section two for more information). 
 

- ECAReactionControl.BehaviorsGeneration.BehaviorStates: 

All the constant arrays defined in this class specify the different probability of execution of 
each branch (and therefore the next behavior to be executed) in different algorithms in one 
percent units. These constants are: 

 ASK_LONG_UTTE_LOOK_AWAY 
 ASK_NORMAL_UTTE 
 FAREWELL 
 LISTENING 
 RANDOM_FACIAL_EXPRESSIONS 

 
- ECAReactionControl.ParallelBehaviors.BlinkingBehaviors: 

 
 BLINK_BML_TAG: tag label that composes the first part of every BML identifier of a 

blinking behavior generated by the system. 
 averageWaitingTime: average time waiting for the next blink, in seconds. 
 Range: range in second within a blink may occur. 

 
- ECAReactionControl.ParallelBehaviors.WaitingBehaviors: 

 
 WAITING_BML_TAG: tag label that composes the first part of every BML identifier of a 

waiting behavior generated by the system. 
 WAITING_TIME: main waiting time to start or not a waiting behaviors and waiting time 

between waiting behaviors. 
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- ECAReactionControl.ElckerlycEnvironment.ArmandiaPsychometerPersonalize: 
 
 ACTIVATE_ANIMATION: when true it allows a ball animation in the Elckerlyc world. 
 CAMERA_POSITION: Initial camera position of the ECA. There are four initial options: 

CENTER, SIDE_FACE, DEFAULT, FACE_TO_FACE. 
 DEMO: if assigned value is true, executes a demo performance of the different gazes 

after starting the environment. 
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