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Abstract 
 

 
 
 
 
The thesis presents a model that, through an autonomous virtual pedagogical agent,   
can support interaction in the frame of Collaborative Virtual Environments for 
learning. With the advantage of the visual aspect available in Virtual Environments, 
specifically the user embodiment, his/her avatar, the model is based on the analysis 
of nonverbal communication behaviors related to the collaborative interaction that 
takes place during the accomplishment of a task.   
 
In order to explore the potential of the model, only data from nonverbal 
communication was considered, discarding the comprehension of the students’ 
dialogue or task information such as its goal or requirements. This additionally 
promotes its adaptability regardless of the domain, proper for a generic analysis; and 
it allows its mix or extension with these other tutor capabilities to provide a better 
understanding of the collaborative interaction and/or to give an amplest instruction. 
 
A guideline to relate indicators of effective collaborative learning with nonverbal 
communication cues, which can be automatically collected from the Collaborative 
Virtual Environment, was developed. What to measure and how to do it was 
purposed depending on the different environmental conditions, like whether or not 
the nonverbal communication cues were available in the environment, the devices to 
transmit the users’ nonverbal communication to his/her avatar, or the avatar’s mode 
to display them. In addition, a proposal on how to conduct the analysis was 
discussed.  
 
The approach in this context is been originally established here, thus exploratory 
studies were conducted for empirical confirmation, if not of the full range of 
possibilities, of some of them considered representative. 
 
The tutor was implemented as a prototype application in a platform for the 
development of Intelligent multi-user Virtual Environments for Education and 
Training. The pedagogical agent, via text messages, gives recommendations to a 
small group of students carrying out a task that implicates the manipulation of 
objects. When the diagnosis is that the indicators of effective collaborative learning 
are not properly achieved by the students, the messages are triggered. The 
application validates the viability of the model. 
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Resumen 
 

 
 
 
La tesis presenta un modelo que, a través de un agente virtual pedagógico 
autónomo, puede auxiliar la interacción dentro del marco de los Entornos Virtuales 
Colaborativos para el aprendizaje. Con la ventaja del aspecto visual disponible en 
los Entornos Virtuales, específicamente la personificación del usuario, su avatar, el 
modelo se basa en el análisis de comportamientos de comunicación no verbal 
relativos a la interacción colaborativa que tienen lugar durante la realización de una 
tarea. 
 
Con la finalidad de explorar el potencial del modelo únicamente se consideró 
información proveniente de la comunicación no verbal, descartando la comprensión 
del dialogo de los estudiantes y la información de la tarea como sus metas o 
requerimientos. Esto además, promueve su adaptabilidad sin importar el dominio, 
propio para un análisis genérico, permitiendo su mezcla o extensión con estas otras 
capacidades de tutoría para proveer una mejor comprensión de la interacción 
colaborativa y/o dar una instrucción más amplia. 
 
Se desarrollaron las directrices para relacionar indicadores de aprendizaje 
colaborativo efectivo con señales de comunicación no verbal, que pueden ser 
automáticamente colectadas del Entorno Virtual Colaborativo. Se propuso qué medir 
y cómo hacerlo dependiendo de las diferentes condiciones del entorno, como son si 
las señales están o no disponible en el entorno, los dispositivos para transmitir la 
comunicación no verbal del usuario a su avatar, o la forma en que el avatar 
despliega las señales. Además, se presenta una propuesta sobre cómo conducir el 
análisis.  
 
El método en este contexto ha sido originalmente establecido aquí, por lo que se 
realizaron estudios exploratorios para obtener confirmación empírica, si no de todo 
el rango de posibilidades, de algunas de ellas consideradas como representativas. 
 
El tutor fue implementado en una aplicación prototipo en una plataforma para 
desarrollar Entornos Virtuales Inteligente multiusuario para Educación y 
Entrenamiento.  El agente pedagógico autónomo, mediante mensajes de texto, hace 
recomendaciones a un pequeño grupo de estudiantes mientras llevan a cabo una 
tarea que implica la manipulación de objetos. Cuando el diagnostico es que los 
estudiantes no alcanzan apropiadamente los indicadores de aprendizaje 
colaborativo efectivo, se activan los mensajes. La aplicación valida la viabilidad del 
modelo. 
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1. Introduction 
 
Computers have always been linked to learning. With teaching purposes, tutorials, 

training and simulator applications have been created. In the search of better teaching 

methods, the educators have turned to the Socio-Constructivist learning theory, founded 

in the core idea that knowledge is constructed through social interaction. With the 

summit of software for groups in the nineties, under the area denominated Computer 

Supported Cooperative Work (CSCW), and with the collaborative learning tendency, first 

as a branch of CSCW and then on its own, Computer Supported Collaborative Learning 

(CSCL) emerged as a new paradigm for education (Koschmann, 1996) 

 

On the other hand, Virtual Reality, the simulation of real world in computers, has been 

also used as a means for teaching; flying simulators are a well-known example. 

Nowadays, with the improvement in computer technology and the Internet, Collaborative 

Virtual Environments (CVE) for learning are getting promising. Within this context, one 

mayor research concern is the kind of students’ interaction that will allow getting what is 

expected of any teaching approach, the students’ learning.  

 

The potential possibilities in the use of computers as a tool to support collaborative 

learning makes the analysis of collaboration an active research aim within CSCL. 

Computers should allow creating a proper environment in which effective collaboration 

takes place and, with that purpose, CSCL enables both a detailed recording of all 

interaction and a careful design of the empirical situation (Dillenbourg, 1999). 

 

One of the main problems in the analysis of collaboration to establish reciprocity or 

interaction is when silence appears (Littleton & Light, 1999). During interaction, the 

answer to an expression can be silence when words are substituted by an action or a 

gesture, which implies the need to consider potential interactions that do not get an 

explicit answer. Therefore, the interaction analysis should study not only the dialogue, 

but also the participants’ actions and gestures (Martínez, 2003). 
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In CSCL, the analysis of collaboration has been made from different points of view 

(Jermann, Soller, & Mühlenbrock, 2001); however, there are not proper approaches to 

make an automatic interaction analysis for CSCL with Virtual Reality (VR) and three 

dimensions (3D). In this kind of environment the user representation, an avatar, allows 

others to be aware of each one’s actions within the scenario. If the student controls this 

representation, then through the student’s avatar actions it could be possible an 

automatic analysis of the students interaction, which is the focus of this approach.  
 

1.1 Motivation 
 
Jermann et al. (2004) stated:  

 

“…the automatic analysis of interaction and group learning through a 

distance collaborative learning system is at the forefront of educational 

technology research. This is the guiding role of the computer, and probably 

the most challenging function to program. It demands some ability to 

computationally understand and assess the interaction, as well as a set of 

diagnostic rules that recommend remedial action. Assessing peer interaction 

requires an understanding of the factors that influence the collaboration 

process. Because our knowledge of these factors and their effects is still 

limited, research in computationally processing and guiding learning teams is 

ongoing. Many opportunities exist for studying both the behavior of teams 

and the ways in which we might program computers to play roles such as 

‘smart’ facilitators”. 

 

One of the first attempts for automatic detection of collaboration in CSCL was the 

‘sentence opener’; here a menu with expressions or sentences is presented to the 

student to choose one, which indicates his intention on the communication. Thus, there 

is no need to understand the total meaning of the underlying communicative act (Soller, 

Linton, Goodman, & Lesgold, 1999). Other very common approach to determine 

collaboration consists in asking the student either to label his contribution for 

classification or to classify it directly on a predetermined scheme. Other systems analyze 

the student’s activity, usually in a two-dimensional shared workspace. These 

approaches are not excluding; in the same system, two mixed approaches can be found. 
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For example, the COLER system (Constantino-González & Suthers, 2000) analyses the 

students’ actions in the shared workspace and the dialog through sentence openers; and 

Quingard (2002), that through sentence openers generates a structured model.  

 

Sentence Opener  
 

Due to computer technical restrictions to understand human argumentation 

fundamental for collaboration, research in CSCL followed this technique, based on 

the Speech Acts Theory (Searle, 1969), developed by Winograd and Flores (1986) for 

organizations.   

 

However, finding the proper sentences for CSCL was not trivial. In this regard, 

important contributions are the “Collaborative Learning Skills and Sub-skills” 

taxonomy by Soller et al. (1999) based on the McManus and Aiken’s (1995) 

Collaborative Skills Network, that in turn extended the cooperative learning skills 

defined by Johnson et al. (1990). They were followed by other authors, like the 

Betterblether system (Robertson, Good, & Pain, 1998); or later the Vieira’s et al. 

(2004) system OXEnTCH ˆ E–Chat; and the one made by Baker and Lund (1997) 

who found that even though students communicate less with the sentence opener, 

their conversation was more focused on the developed work. 

 

The principal advantages of this approach are: its potential applicability in different 

domains as a communication interface, the ease of automatic interaction 

interpretation, and that it guides discussion to the learning domain. Nevertheless, this 

approach presents some disadvantages such as posing restrictions on 

communication, making the communication process slower, and the wrongful 

interpretation of the contributor intention to the dialogue when the system is not 

correctly used. 
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Structured Contributions 
 

The simple fact of providing the environment with a structure for the students’ 

contributions has the advantage of orderly arranged data, a persistent medium 

available for all participants in a shared context (Suthers & Hundhausen, 2001). A 

well-known example is IBIS (issue-based information systems) based on hypertext 

(Kunz & Horst, 1970). 

 

Although this approach by itself does not detect collaboration, it definitely simplifies its 

automation, while its statistics are often quantitative. Barros (1999) presents an 

interesting proposal to measure students’ contributions on a qualitative mode. This 

method consists of giving a value in the range of -10 to 10 to different kinds of 

contributions, such as proposal, contra-proposal, question, comment, clarification and 

agreement, with the intention of evaluating initiative, creativity, elaboration and 

conformity. Yet, these measures are subjective.  

 

Cognitive overload is the most significant problem that this collaborative learning 

approach presents.  

 

Co-constructed Task 

 
While in the aforementioned approaches, the student intervenes to classify the 

contributions, in the co-constructed task approach, the collaboration is detected by 

monitoring the students’ actions while they “assemble” the solution. The proposal was 

first made by Mühlenbrock and Hoppe’s (1999). In their system, the students join 

cards to formulate the exercise. Usually employed in 2D scenarios, some applications 

are: mathematics exercises, puzzles, robot control in a micro-world and Petri nets.  

 

Analyzing the workspace avoids the students’ ‘extra job’ to classify their participation. 

However, in some cases the opportunity of knowing about the argumentative part to 

get results is lost. Its biggest restraint is the fact that it cannot be employed in 

numerous learning domains.  

 

A more detailed analysis of these approaches can be found in (Peña, 2006).  
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Detecting collaboration in a 3D Collaborative Virtual Environment 
 

There are significant considerations, beyond the mentioned disadvantages, for using 

these approaches for an automatic detection of collaboration in 3D CVEs with the aim to 

foster the learning session in time. First, menus in 3D scenarios are obtrusive 

(Lindeman, Sibert, & Hahn, 1999) and difficult to operate, especially for beginners (Park 

et al., 2001). The structured systems are meant for asynchronous communication, and 

the contributions are posted in a structure where 3D is not required. Text 

communication, required in the open sentences or structured systems, is turning into a 

substitute for oral communication, a common practice for computer-mediated 

communication that is more appropriate for Virtual Environments (Imai et al., 2000). By 

observing only the workspace, the interaction among students is not considered, and 

although this can be improved by mixed approaches, those presented for that are still 

not proper for VEs. On the other hand, improving collaboration requires more than just 

detecting how it is taking place. 

 

In conclusion, current approaches do not use the available in VEs’ advantage of a 

visualization of the students’ interaction, and they do not appropriately fit CVEs.  

 
Objective and Hypotheses  

 
Human communication is not only speech content, for example, the same words can 

have opposite meaning if the speaker changes the tone of voice. Nonverbal 

communication (NVC) is a wide field that comprises all wordless messages people 

interchange. It includes communication using objects like clothes or hairstyle, or how the 

decoration of the daily spaces are; but NVC is also about what is communicated through 

our body, like gestures, facial expressions or speech characteristics other than verbal 

content.  

 
When a group of students, placed around a shared workspace and working on a 

predetermined task is observed, the teacher or the facilitator can intuitively understand, 

to a certain extent, how collaboration is taking place within the group, without listening 

the students’ discourse. The observation of nonverbal communication as a means to 

analyze collaborative interaction avoids the need to understand speakers’ utterances. 

Following this analogy, this thesis proposes that some specific nonverbal communication 
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cues can be useful to infer collaborative interaction, at least to such an extent that 

collaboration can be automatically fostered by a virtual facilitator.  

 
The final objective is establishing collaborative interaction in order to provide an 

intelligent tutor or facilitator within a CVE for learning that guides the students toward 

effective patterns of interaction for a successful collaborative learning session.  The 

resulting hypotheses derived from this are: 

 
Hypotheses 
 
H1: The observation of nonverbal communication performed by the users’ avatars within 

a collaborative virtual environment can be the means to determine, in an automatic way, 

the collaborative interaction that takes place in a 3D CVE. 

 

H2: The automatic analysis of nonverbal communication within a virtual collaborative 

environment will provide an intelligent tutor or facilitator with the tools to guide the 

students to an effective collaborative learning session. 

 

The organization of the dissertation is in two parts. Part I – Background, presents the 

stay of the art in CSCL and NVC. Chapter 2 talks about CSCL and its foundations and 

Chapter 3 of the particular features of CVE for learning. Because nonverbal 

communication is not a proper branch of Computer Science, Chapter 4 contains an 

introduction to it, addressed to its implications for this work. Chapter 5 discusses the 

tutor’s role in CSCL and its variations for collaborative learning. Part II – The Model, 

contains the model specifications and its empirical validation. Chapter 6 deals with how 

NVC can be used to infer collaborative learning interaction. Chapter 7 presents 

exploratory studies conducted to obtain empirical confirmation for some assumptions 

made in the former Chapter 6. Chapter 8 is about a facilitator prototype within an 

experimental application. Finally, Chapter 9 discusses the implication of the proposed 

Model and future work. 
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Part I: Background 
 

2. Computer Supported Collaborative Learning 
 
Computer Supported Collaborative Learning is the result of the combination of Computer 

Supported Cooperative Work (CSCW) and collaborative learning. CSCW is defined as a 

computer-based network system that supports group work in a common task and 

provides a shared interface for groups to work with (C. A. Ellis, Gibbs, & Rein, 1991). 

While the purpose of CSCW is to facilitate group communication and productivity, the 

purpose of CSCL is to scaffold students in learning together effectively. The aim of 

research in both CSCL and CSCW is not only the techniques of the groupware but also 

their social, psychological, organizational, and learning effects (Hsiao, 2005). 

 

CSCL basis is the Socio-Constructivism theory, whose core idea is that human 

knowledge is constructed upon the foundation of previous learning and within the 

society. Constructivism is based on the Piaget and Vigotsky theories and its influence on 

learning dates from the early eighties. By that time, constructivism represented a 

reaction against the objectivist epistemology of behaviorism and information processing 

theories of learning. Behaviorism was replaced by the cognitive revolution in psychology 

around 1960. In the nineties, the criticism of traditional education, the idea of situated 

cognition and authentic learning tasks, the use of new technologies and the idea of 

learning communities led to constructivism as a dominant theory in education 

(Kanselaar, 2002). 

 

The first CSCL workshop took place in 1991 (Koschmann, 1994), and the first 

international CSCL conference was held in 1995 in Bloomington, Indiana. In 1996, 

Koschmann recognized CSCL as an emerging paradigm of educational technology, 

which foundations are:  

1. the problem solution joint constructed by a collaborative method;  

2. the group members coordination to organize group work;  

3. a semi-structured mechanism to support argumentation and agreement between 

participants; and  
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4. the interest in both the learning process and the outcome of the group work; that 

is, the explicit representation of the production and interaction processes. 

 

There is not a universally accepted definition for CSCL. Timothy Koschmann’s (2002) 

defined it as: 

 

 “…a field of study centrally concerned with meaning and the practices of 

meaning-making in the context of joint activity, and the ways in which these 

practices are mediated through designed artifacts”. 

 
2.1 Collaborative Learning 

 
As Dillenbourg et al. (1995) pointed out, the term ‘collaborative’ in learning is broadly 

defined. They stated four aspects of learning related to the adjective collaborative: 1) the 

situation, 2) the interactions, 3) the learning mechanisms more intrinsically collaborative, 

and 4) the effects of collaborative learning. Let us see them in more detail. 

 

1) Situations characterized as ‘collaborative’. Intuitively, a situation is termed 

collaborative when participants are more or less at the same level, can perform 

the same actions, have a common goal and work together. In cooperation, 

partners split the work, solve sub-tasks individually and then assemble the partial 

results into the final output. In collaboration, partners do the work together. 

Although some spontaneous division may occur even when people do really 

work together (Miyake, 1986). The difference is twofold: firstly, in collaboration 

the “layers” of the division of labor have to be highly interwoven while in sub-

tasks are independent; secondly, the division of labor is unstable in collaboration 

while in cooperation division of labor is generally made explicit at the outset. 

 

2) Interactions characterized as ‘collaborative’. Some criteria for defining 

collaborative interactions are interactivity, synchronicity and negotiability. The 

degree of interactivity among peers is not defined by the frequency of 

interactions, but by the extent to which these interactions influence the peers' 

cognitive processes. The degree of interweaving between reasoning and 

interaction is difficult to define operationally. In addition, doing something 

together implies rather synchronous communication, while cooperation is often 
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associated with asynchronous communication. Another feature of collaborative 

interactions is that they are negotiable, group members will not impose his point 

of view, they will need to argue for his standpoint, justify, negotiate, attempt to 

convince. 

 

3) Mechanisms characterized as ‘collaborative’. Some learning mechanisms have 

been studied with individuals and then extended to pairs; others seem to be more 

specific to collaborative learning. The mechanisms known to be central to 

individual cognition are induction, cognitive load, (self-) explanation and conflict. 

In collaboration, the cognitive load for the task is reduced because it is shared 

with the peers but it is increased due to interaction (Durfee, Lesser, & Corkill, 

1989; Gasser & Huhns, 1989). Other learning processes specific to social 

interactions are internalization, the transfer of tools from the social plane 

(interaction with others) to the inner plane (reasoning); and appropriation (Rogoff, 

1990), the mechanism by which an agent reinterprets his own action or utterance 

under the light of what his partners do or say next (Fox, 1987). 

 

4) The effects of ‘collaborative’ learning. Most research on collaboration has 

attempted to measure its effects generally through some individual pre-test/post-

test gain with respect to task performance. The choice of these dependent 

variables leads to two methodological issues. First, one should not talk about the 

effects of collaborative learning in general, but more specifically about the effects 

of particular categories of interactions (Dillenbourg et al., 1995). This implies 

controlling a priori which types of interactions will occur or analyzing a posteriori 

which interactions did actually take place during collaboration. The second 

methodological issue concerns the mode of evaluation. The effects of 

collaborative learning are often assessed by individual task performance 

measures. It has been objected that a more valid assessment would be to 

measure group performance. Within the group evaluation approach, one may 

verify whether the performance of a specific group has increased or assess if 

group members developed some generic ability to collaborate that they could 

reuse in other groups. The existence of this hypothetical ability to collaborate, 

although intuitively shared by many staff recruiters, remains however to be 

established, at least in cognitive science. 
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Collaboration is widely regarded as beneficial for learning. Collaboration is the mutual 

engagement of participants in a coordinated effort to solve a problem together 

(Mühlenbrock & Hoppe, 1999). Collaborative learning is the individual acquisition of 

knowledge, skills and abilities through the interaction with a group of people (Barros & 

Verdejo, 2000). In a collaborative scenario, the students interchange ideas and 

coordinate their efforts to achieve the shared goals. Whenever work conflicts appear, 

activity and communication conduct to knowledge (Vygotsky, 1978). In collaborative 

learning, the students learn in a process in which they propose and share ideas to solve 

a task, in such a way that dialogue encourages the reflection on their own and their 

peers’ proposals (Barros & Verdejo, 2001).  

 

Thus, effective collaborative learning is based on dialogue and the shared knowledge. In 

order to get an effective collaboration within the group process, group members have to 

acquire and develop the needed abilities and skills to work with a group that allow to 

establish functional modes, to get criteria to determine and accept solutions, to generate 

alternatives, explanations, and to evaluate solutions among others (Barros & Verdejo, 

2001).  

 

Aside of CSCL positive acceptance, it stills experimental. A main concern of researchers 

is that a collaborative environment does not guarantee learning success. It has been 

conclusively argued that a focus on the process of collaboration is necessary in order to 

understand the value of working together with peers for learning (Mühlenbrock & Hoppe, 

1999). Within this context, the role of technology is to facilitate communication, 

managing and organizing group work for learning tasks. Technology allows the 

registration of work processes for their analysis, to monitor them and, at some point, to 

intervene to improve them. CSCL functionalities are, among others, providing the means 

for information interchange, decision-making support, communication facilities, and 

management and organization of the shared knowledge (Collis & Smith, 1997). 
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2.2 CSCL Theoretical Background 
 
The theories that contribute to the understanding of CSCL are based on the underlying 

assumptions that individuals are active agents and that they are purposefully seeking 

and constructing knowledge within a meaningful context  Some of the most known 

theories based on Socio-Constructivism are discussed next  (based on Hsiao, 2005). 

 

Problem-Based Learning, PBL / Anchored Instruction 

 
Problem-based learning begins with a problem to be solved rather than with content 

to be mastered. This is consistent with new models of teaching and learning that 

suggest the emphasis of instruction needs to shift from teaching as knowledge 

transmission to less teacher-dependent learning. The concept of anchored instruction 

was stimulated by the ‘inert knowledge problem’, which states that knowledge can be 

recallable only when the individual is questioned explicitly in the context in which it 

was learned (CTGV, 1993).  

 

The initial focus of CTGV (Cognition and Technology Group at Vanderb) was on the 

development of interactive videodisc tools that encouraged students and teachers to 

pose and solve complex, realistic problems. The video materials were the "anchors" 

(macro-contexts) for subsequent learning and instruction. The issue of learning 

transfer, situated cognition, and collaborative learning are primary concern with this 

anchored instruction CTGV.  

 

PBL was originally developed to help medical students to learn basic biomedical 

sciences. The goals of PBL include: developing scientific understanding through real-

world cases, developing reasoning strategies, and developing self-directed learning 

strategies. The active learning used in PBL should promote the self-directed learning 

strategies and attitudes needed for lifelong learning (Bereiter & Scardamalia, 1989). 

 

The main difference between Anchored Instruction and PBL is that the former is more 

closely related to the goal-based scenario model and with less open-ended solution. 

Most anchored modules are designed for young learners, thus the modules embed all 

the necessary data to solve the problem. Substantial independent research and data 
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collection are not required in anchored modules as in PBL (Educational 

Technologies). 

 

Distributed Cognition 

 

Distributed cognition is a psychological theory developed by Edwin Hutchins (1995). 

The basic insight of the theory is that cognitive phenomena are generally best 

understood as distributed processes.  Here, the theoretical focus is on how cognition 

is distributed across people and artifacts, and on how it depends on both internal and 

external representations. The traditional idea that cognition is computation is 

preserved in the theory of distributed cognition. However, computation is conceived 

broadly as “the propagation of representational state across representational media” 

(Hutchins, 1995). In a socially distributed system, people interact with artifacts to 

create and coordinate representations. Thus, representational state can be 

“propagated” across distinct media and across different representational systems 

(Harris, 2005). 

 

Cognitive Flexibility  

 
Spiro, et al. (1988) suggested that people acquire knowledge in ill-structured domains 

by constructing multiple representations and linkages among knowledge units. Spiro, 

et al. (1995) illustrate how to apply cognitive flexibility and constructivism theories into 

designing instruction in ill-structured domains that promote advanced knowledge 

acquisition. This can be achieved by designing hypermedia documents that present 

multiple cases where similar concepts are linked across cases (Spiro & Jehng, 1990). 

 

Spiro's Cognitive Flexibility theory emphasis is placed upon the presentation of 

information from multiple perspectives and use of many cases studies that present 

diverse examples. According to them, learners must be given an opportunity to 

develop their own representations of information in order to learn properly, avoiding a 

rigid presentation.  
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Cognitive Apprenticeship  

 
Cognitive apprenticeship is a term for the instructional process where teachers 

provide and support students with scaffolds as the students develop cognitive 

strategies. Wilson and Cole (1994) describe the core characteristics of the cognitive 

apprenticeship model: heuristic content, situated learning, modeling, coaching, 

articulation, reflection, exploration, and increasing complexity. Cognitive 

apprenticeship is a culture that permits peers to learn through their interactions, to 

build stories about common experiences, and to share the knowledge building 

experiences with the group. Collaborative discussion occurring in CSCL is important 

for student learning because it activates prior knowledge that facilitates the 

processing of new information. CSCL is designed to help students at acquiring 

cognitive and metacognitive knowledge by means of observation and guided practice 

(Collins, Brown, & Newman, 1989). 

 

Self-Regulated Learning or Metacognition 

 
Flavell (1976) first proposed the term metacognition. He defined metacognition as 

one's knowledge regarding one's own cognition as well as control and monitor of 

one's own cognition. A self-regulated learner views acquisition as a systematic and 

controllable process, and accepts greater responsibility for her achievement. In 

behavioral theory, regulation is through external reinforcement. In cognition theory, 

self-regulation is equivalent to metacognition, knowing about and regulating cognition. 

The social cognition theory views self-regulation as combining self-observation with 

self-judgment, and self-reaction (Davidson, 1995). 
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Situated Learning 

 
Thinking is situated both physically and socially. The tasks to solve a problem can be 

significantly shaped and changed by the tools available and the social interactions 

that take place. These ideas are what Levin and Waugh (Levin & Waugh, 1996) call 

the process of “legitimate peripheral participation”. Situated learning occurs when 

students work on authentic tasks that take place in real-world settings (Winn, 1993). 

However, the very difference between the metacognition approach to learning and 

situated learning is that this last is usually unintentional rather than purposeful. 

 

2.3 CSCL Research 
 

Research in educational technology first path was to evaluate the individual learning that 

resulted from the innovation or the exposition to the technology. With intellectual 

partnerships, with both peers and advanced information technology, possibilities grew 

and a distinction was needed that Salomon (1992) described as the ‘effects with’ and the 

‘effects of’. While ‘effects with’ are the changes that take place when people is engaged 

in intellectual partnership with peers or with a computer tool, ‘effects of’ are those more 

lasting changes that take place as a consequence of the intellectual partnership.  

 

The students' performance is qualitatively changed and upgraded during the partnership 

with computer and peers, laying the foundation for possible subsequent improvements in 

each student capabilities. To educate students for independent thinking that functions in 

unexpected problem situations there will never be an available technology (Salomon, 

1995). Thus, computer use should shift learning from recitation to exploration and 

construction, from being individually based to being team based, and from being 

separated by disciplinary lines to being interdisciplinary. Accordingly, the role best 

accomplished by the computer is to afford new opportunities for collaborative learning 

and its support (Salomon, 1992). 
 
The educational benefit that a learner gets through the collaborative learning process 

depends not only on the session situations but also on the kind of interaction that the 

learners establish during the session (Inaba, Tamura, Ohkubo, Ikeda, & Mizoguchi, 

2001). In the classrooms, collaborative learning counts with the presence of the teacher 
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that helps to manage and guide the collaboration, providing clear goals of what is 

expected from the group process (Jermann et al., 2001). In the last past years, CSCL 

research aim has been this guiding collaboration tutor role intended for geographically 

distributed students. 

 
In the nineties, collaborative learning research shifted from the study of group 

characteristics and products, to the study of group process (Dillenbourg et al., 1995; 

Jermann et al., 2001). Probably due to the many factors that difficult the measurement 

and understanding of learning effects, such as students’ prior knowledge, motivation, 

roles, language, group behavior or its unpredictable interaction shape, among others. 

Recently, the focus in research has shifted again, now with the purpose of identifying the 

computational strategies that positively influence group learning in modern distance 

learning environments. This shift toward mediating and supporting collaborative learners 

is fundamentally grounded in the understanding of the group’s activity described by 

models of collaborative learning interaction (Soller, Jermann, Mühlenbrock, & Martínez, 

2004). 

 
In this regard, several ontologies for the analysis of the collaboration have been 

proposed, such as the one by Inaba et al. (2001) based on learning theories, with eight 

top-level concepts to characterize the session: Trigger, Tool, Learning Material, Learning 

Scenario, Learning Process, Learning Group, Learner to Learner Interaction, and 

Learning Goal. A more accepted one was proposed by Barros et al. (2002) based on the 

concept of activity as a unit of analysis. They designed the ontology with different nodes 

for Source of Information and Analysis Method. The Source of Information node contains 

for the Processed Data a Statistical node and an Interpreted node with rules for the 

statistical data, and the Analysis Method node three nodes for different types of 

methods: Interaction-based, Action-based (Mühlenbrock & Hoppe, 1999), and 

Interaction-Action-Stage based, see Figure 2.1. Several inferences based on the data 

interpretation are presented such as group behavior analysis, individual behavior 

analysis, task summary, or the study of the stages in the discussion. 

 

In trying to understand collaborative learning interactions, what the students say while 

they collaborate has been analyzed through several methods, such as the 

aforementioned sentence opener approach and also by content analysis (Donmez, 

Rosé, Stegmann, Weinberger, & Fischer). In order to explain the communication web or 
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the discussion threads, there are a number of proposals, some of them based on SNA 

(social network analysis) (Cho, Stefanone, & Gay, 2002; Lipponen, Rahikainen, Lallimo, 

& Hakkarainen, 2001) or the Simmof’s (1999), visualization with nested rectangles for 

message levels, where the levels are defined through data mining. A combination of 

what the students say and what they do has also generated a number of proposals. An 

unusual one is the framework presented by Avouris’ et al. (2002), OCAF (Object-

oriented Collaboration Analysis Framework), in which the analytic model identifies 

patterns of interaction and relates them to objects of the shared solution. The 

KaleidoScope group (IA JEIRP -Kaleidoscope NoE, 2005) presented a very complete 

State of the Art on Interaction Analysis stemmed from Jermann (2004), where they also 

recommend future research directions in the domain of computer-supported interaction 

analysis. The core idea of understanding collaboration is to guide it to an effective 

collaborative learning session. This point, due to its importance, is more deeply 

discussed in Chapter 5 - Tutoring Collaborative Learning, where the tutor or facilitator 

role is defined. 

 
Figure 2.1.  Segment of the Barros et al. (2002) ontology for the analysis of collaboration 
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3. Collaborative Virtual Environments for Learning 
 
Collaborative virtual environments are virtual worlds shared by participants across a 

computer network or as Churchill and Snowdon (1998) defined them: 

“CVEs represent the computer as a malleable space, a space in which to 

build and utilise shared places for work and leisure. CVEs provide a terrain 

or digital landscape that can be inhabited or populated by individuals and 

data, encouraging a sense of shared space or place. Users, in the form of 

embodiments or avatars, are free to navigate through the space, 

encountering each other, artefacts and data objects and are free to 

communicate with each other using verbal and non-verbal communication 

through visual and auditory channels.” 

 

Collaborative virtual environments are the combination of Virtual Reality and multiuser 

distributed systems. Some Virtual Reality characteristics are commented before going 

back to the CVEs. 

 

3.1 Virtual Reality  
 
Virtual Reality technology can be defined as a computer-generated display that allows or 

compels the users to have a feeling of “being there” or being present in an environment 

other than the one they are actually in and to interact with that environment (S. Ellis, 

1995).  

 
Virtual Reality (VR) growth has always been linked to the development of the needed 

devices for user-computer interaction. Back in 1962, Ivan Sutherland developed a light 

pen to sketch images on the computer, and by 1970 he also produced a primitive head-

mounted display (HMD), a display device to be worn in the head with a small display 

optic in front of the eyes (see Figure 3.1). In that same year, Engelbart made public his 

crude pointing device for moving text around in a computer screen, the first ‘mouse’. 

With the game business boom of the early eighties appeared the data-glove, a computer 

interface device that detects hand movements (see Figure 3.2).  
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There is a large variety of VR applications for learning, from virtual worlds created with 

VRML to completely immersive environments (Jackson & Winn, 1999). The degree of 

immersion is also linked to the VR devices, typically classified as desktop-based, 

augmented and immersive VR.  In the desktop-based VR the user can interact with both 

the real world and the virtual world at the same time; here the devices needed may be 

only the keyboard, the monitor and the mouse and/or the joystick, an input device 

consisting of a stick that pivots on a base and reports its angle or direction to the device 

it is controlling (see Figure 3.3).   

 

 
Figure 3.1. A head-mounted display or HMD 

 
Figure 3.2. A data-glove 
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Figure 3.3. A joystick  

 

What mainly distinguishes the augmented VR, or semi-immersive VR, is the display 

device, where the image projected is a direct view of the real world combined with 

computer graphics. In Figure 3.4 can be seen an example of augmented VR, a 

PowerWall, with which the user interacts, for example, to activate or select menus, 

through wireless devices such as the joystick or a wand, this last a 3D input device for 

position and orientation (see Figure 3.5). And in Figure 3.6 is showed a display 

combination of monoscopic (2D) and stereoscopic (3D), in such a way that it allows 

working with a combination of the 3D virtual environments and the classical desktop 

applications into one system. 
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Figure 3.4 PowerWall 

 

 
Figure 3.5 Wand device 
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Figure 3.6 Visual enterprise management space 

 
 
In immersive virtual reality (IVR) the user can respond or interact only with the virtual 

environment (VE) and not with the real world. The continuous effort to characterize the 

immersion and presence phenomena in VE is now beginning to clarify these effects 

(Moreno, 2001; Taxén & Naeve, 2002). The more common input devices are the data 

glove or the wand, and for the display the HMD (Figure 3.1) or the CAVETM, a theater 

10’X10’X10’ made up of three rear-projection screens for walls, and a down projection 

screen for the floor (Cruz-Neira, Sandin, & Defanti, 1993) as in Figure 3.7.  In Figure 3.8 

a desktop ‘immersive’ workplace is showed, which may allow users some interaction 

with the real world. 

 

Here are just mentioned some of the most common options for VR, but there are a 

number of other devices such as those to track several body parts to interact with the 

environment, or displaying options, easy to find in the Internet.   
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Figure 3.7 A user in the CAVE 

 

 
Figure 3.8 Desktop Immersive Workplace System 
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3.1.1 Virtual Reality for Learning 
 
One well-known advantage that VR gives to a learning scenario is its motivational 

impact; there seems to be a general agreement on this (Bricken, 1991). VR allows 

unique capabilities. It is a powerful context for learning, in which time, scale, and physics 

can be controlled. Participants have entirely new capabilities, such as the ability to fly 

through the virtual world, to have any object as a virtual body or to observe the 

environment from many perspectives. In VR, materials do not break or wear out. The 

virtual environment allows safe experiences of distant or dangerous locations and 

processes. Participants can experiment worlds of art, music, theater or literature 

(Bricken, 1991). 

 
Educational VEs (EVEs) provide students with visual, experiential, and self-directed 

learning where students can:  

- experience directly some physical properties of objects and events;  

- change the point of view to access new and/or unusual perspectives (Ferrington 

& Loge, 1992);  

- interact with objects either to discover and study their hidden elements (Sonnet, 

Carpendale, & Strothotte, 2004); or  

- to evaluate the effects of manipulations (Lariani, 1994). 

 
Winn (2002) describes two especial features that virtual environments contribute to 

learning and that he denominates ‘reification’ and ‘inscription’.  Reification is the process 

whereby phenomena that cannot be directly perceived and experienced in the real world 

are given the qualities of concrete  objects that can be perceived and interacted within a 

virtual learning environment, and that allows students to experience in computer-created 

virtual learning environments what they cannot experience in the real world, which 

according to Winn (2002), is the most important contribution that VR makes to learning.  

 

The word inscription was suggested by Pea (1994), as an alternative to representation, 

to refer to external representations rather than internal representations such as images 

and mental models. Inscriptions are created by students, as well as by scientists and 

learning environment designers, to externalize understanding and to serve as points of 

reference during discussions (Gordin, Edelson, & Pea, 1996).  
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Furthermore, having students build their own virtual worlds works best with students who 

tend not to do well in school.  But Winn (2002) also pointed a disadvantage of virtual 

environments for learning: the young students who have not yet learned to reason 

abstractly, tend to have limited ability to transfer what they have learned to other 

domains, that is, they think of the content almost exclusively in terms of how they chose 

to represent it in their virtual world. 

  
Roussos et al., (1999) pointed out that it is important to investigate the educational 

efficacy of VR in specific learning situations and broader learning domains, and to 

develop new rubrics of educational efficacy that compare VR to other approaches. 

However, they emphasized the difficult challenge of demonstrating if the added valued in 

a learning scenario is due to the application or to the underlying technology. They 

suggest that researchers should focus their attention on learning problems that meet 

four criteria for the use of VR.  

1) The learning goal must be significant. 

2) The learning goal must be hard, focused on deep learning problems; learning 

that requires the rejection of inadequate and misleading models based on 

everyday experience, that has proven resistant to conventional pedagogy, and 

that is the source of persistent adult misconceptions. 

3) The learning goal must be plausibly enhanced by the introduction of immersive 

VR technologies. 

4) VR-based learning environments must be informed by contemporary research in 

the learning sciences, and by contemporary practice in education. 

 
As can bee noticed, Roussos et al., (1999) study is related to immersive virtual reality 

(IVR); nevertheless, these parameters could be adapted for other VR environments. 

 

The assessment of VR technology has been focused primarily on its usefulness for 

training rather than its efficacy for supporting learning in domains with a high conceptual 

and social content (Dede, 1995; Whitelock, Brna, & Holland, 1996). As of CVEs for 

learning, there is the need for methods of instruction different from the traditional direct 

instruction in order to give learners the opportunity to develop scientifically accepted 

notions (Eylon & Linn, 1988; J. P. Smith, diSessa, & Roschelle, 1993).  
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3.1.2 Avatars: the User’s representation within Virtual Reality 
Environments  

 
The avatar word derives from the Sanskrit word Avatāra which means ‘descent’ and 

usually implies a deliberate descent into mortal realms for special purposes. The term is 

used in the Hinduism for the incarnations of their God Vishnu, the Preserver. 

 

The use of the term ‘avatar’ for the computer representation of the user dates at least as 

far back as 1985, when it was the name for the player character in the Ultima series of 

personal computer games. The Ultima games started out in 1981, but it was in Ultima IV 

in 1985, that the term ‘avatar’ was introduced. Become the ‘avatar’ was the goal of 

Ultima IV. The later games assumed that you were already the avatar and ‘avatar’ was 

the player's visual embodiment on the screen.  

 

Users’ avatar is their visual embodiment in the virtual environment. The avatar is their 

means for interacting with the VE and sensing the various attributes of the world (Guye-

Vuillème, Capin, Pandzic, Thalmann, & Thalmann, 1998). In a collaborative situation, the 

avatar performs other important functions such as perception, localization, identification 

and visualization of the focus of attention of the other users (Capin, Pandzic, Thalmann, 

& Thalmann, 1997; Benford, Bowers, Fahlén, Greenhalgh, & Snowdon, 1997). 

 

Gerhard and Moore (1998) define the user’s avatar as “a proxy for the purposes of 

simplifying and facilitating the process of human communication” with five potential 

properties: identity, presence, subordination, authority, and social facilitation: 

1) Identity. Avatars provide others in the environment to better understand the 

concept of an underlie person 

2) Presence. They help establishing a feeling of "being there", a form of self-

location 

3) Subordination. They imply subordination, that is, they are under the direct control 

of the user, without significant control over their own actions and internal state. 

4) Authority. Avatars act with the authority of the user. 

5) Social facilitation. By giving a proxy for human communication and by facilitating 

interaction. 
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The avatars get different characteristics that depend on the environment and its 

purpose.  For example, in the Internet forums, they personalize the user addition to the 

forum and it is typically a small square shaped area close to the user's forum post. In 

video games, the avatars are essentially the player's physical representation in the game 

world; the game usually offers a basic character model, or template, that allows the 

player to customize some physical features. 

 

The avatars may be as simple as a pointer, but having physical body representations 

can be very helpful in aiding conversation and understanding in the virtual space (Imai et 

al., 2000). The avatars can be categorized and characterized in three groups: abstract, 

realistic and naturalistic (Salem & Earle, 2000): 

1) Abstract avatars are represented by cartoon or animated characters, and they 

have limited or predefined actions giving interactivity between the user and an 

application. 

2) Realistic avatars give a high level of realism in an interactive environment but the 

costs of the technology and the hardware that have to be used are high.  

3) Naturalistic avatars are those with a low-level details approach and can be 

characterized as humanoid-like avatars that can display some basic humans’ 

actions or expressions.  

 

But the avatar is not only for the user’s representation; an avatar can also be the visual 

representation of an intelligent agent. In the next section software agents are discussed. 

 
3.2 Software Pedagogical Agents  

 
The increasingly complex structure of computer systems has made necessary to create 

autonomous software, that is, software that does not need supervision and/or human 

control to realize its task; this type of software is called an agent. When it comes to a 

learning scenario, the agent is denominated pedagogical agent. 

 
Pedagogical agents or agents within CSCL have been used with different purposes like: 

to help the teacher in the analysis of students behavior (Augustin, Moreira de Oliveira, & 

Vicari, 2002); to give feedback to the students of their own and their peers activities; to 

give advice or support to the students (Baylor, 2002; Moreno, Mayer, Spires, & Lester, 

2001; Mørch, Jondahl, & Dolonen, 2005); to contribute to the social aspect in the 
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environment as a peer (Dowling, 1999); to involve or motivate the student or to show 

how to perform a task (W. L. Johnson, Rickel, & Lester, 2000). 

 

The first idea of a software agent goes back to the mid-1950s when John McCarthy 

proposed a system called the ‘advice taker’ (McCarthy, 1959). These first agents were a 

collection of multiple, goal-seeking entities that competed and cooperated inside the 

computer to produce intelligent behavior based on a high-level goal. When the system 

became stuck, it could ask a human operator for advice and continue with its operations. 

 

With the emergence of personal computing and graphical user interfaces in the mid-

eighties, new ways of using the computer reversed the roles of humans and software 

agents. The agents became an assistant to users rather than the other way around. 

Apple Computer presented one of the first scenarios of this type of human-computer 

interaction in a 1987 promotion video (Apple Computer, 1997; Sculley, 1989). The 

featured system, Knowledge Navigator, had a “butler” agent that helped a domain-expert 

user search for information in a large information space. This scenario foreshadowed the 

Web as the “new world” where software agents would conduct their business. During the 

past 20 years, the world of agents has expanded from the computer (Kay, 1984) into the 

network (Maes, 1994) and into the World Wide Web (Liu, Zhong, Yao, & Ras, 2003). 

 
Nwana (1996) proposed an agents typology: Collaborative Learning Agents, Smart 

Agents, Interface Agents and Collaborative Agents. These four types are neither 

mutually exclusive nor do they represent an exhaustive list of all possible variations of 

agents, but rather represent the plurality in the agent literature (Mørch et al., 2005). 

 
To Nwana (1996) the software agents are characterized by their combination of two or 

more of the following three principles: autonomous action, cooperation, and learning.  

1) Autonomous action refers to the principle that agents can operate without human 

interference;  

2) cooperation is the ability of the agent to communicate with the user or with other 

agents; and  

3) agent learning refers to the agent’s ability of changing its behavior over time as a 

result of its past cooperation, with the goal of improving performance.  
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Baggetun, Dolonen, and Dragsnes (2001) identified the following attributes of software 

agents; the last two could be understood as the Nwana’s (1996) agent learning: 

1) Autonomous: ability to operate without human interference; 

2) Communicative: ability to communicate with other agents and users; 

3) Reactive: monitoring and reacting to the state of its environment; and 

4) Adaptive: adaptable internal representation of its working environment. 

 

The term ‘pedagogical agent’ was proposed by Johnson et al. (1998) and they define it 

as “… autonomous and/or interface agents that support human learning by interacting 

with students in the context of an interactive learning environment”.  

 

The first generation of agents in educational technology was associated with intelligent 

tutoring systems (ITS) (Anderson, Boyle, Farrell, & Reiser, 1987), computer-based 

coaches (Burton & Brown, 1982; Selker, 1994), and critic systems (G. Fischer, Lemke, 

Mastaglio, & Mørch, 1991). Tutors have a top-down execution from a well-defined goal 

to local actions and operations (McCarthy, 1959). Coaches are between tutors and 

critics, with less formal intelligent support systems than tutors are. Early coaches were 

the model for both tutors and critics. The critic system resembles a computer-based 

coach, but it operates in the context of a specific domain micro-world under the teaching 

philosophy of “learning by being critiqued” (G. Fischer et al., 1991). 

 
More recently, a second generation of educational agents characterized by their focus 

on collaborative learning has been proposed. For those, Mørch et al. (2005) stated four 

relevant dimensions: presentation, intervention, task, and pedagogy, that, according to 

them, can form a design space for others to follow, both for situating new developments 

and for stimulating further improvements to the analytic framework.  These dimensions 

are briefly discussed.  

 

Presentation dimension 

 
Presentation is an attribute of the interface, how the agent should present itself to a 

user. The most common techniques for the agent presentation are text, speech, and 

simulated body language or simple animation. 
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There is no conclusive evidence that favors animated agents over non-animated 

agents when it comes to communicating information to human users for increasing 

learning. On the other hand, many interesting studies give insightful information of the 

usefulness of pedagogical agents for specific learning situations. Lester et al. (1997) 

found that animated agents led to the ‘persona effect’, which means that the presence 

of a lifelike character in the user interface would have a positive effect on the learning 

experience.  

 

Intervention dimension 

 
Intervention is about timing, when the agent should present itself to a user. 

Intervention is closely related to presentation and together they form two key 

characteristics of interface agents. If the agents interfere too much, they would fail to 

provide sufficient help (G. Fischer et al., 1991). Developers of agents need to decide 

upon the intervention strategy for their agents and the following issues should be 

taken into account: 

- degree of immediacy, how soon; 

- degree of repetition,  how often; 

- degree of intrusiveness, block, superimpose, etcetera; and 

- degree of eagerness, how important. 

 

Task dimension 

 
A task in the context of a collaborative learning environment is often complex and 

multifaceted. It may specify individual or joint work, which can be either well or ill 

defined.  

 

It is notoriously difficult to create unambiguous tasks in complex social learning 

environments (Wasson, Guribye, & Mørch, 2000). The number of factors to consider 

is often beyond the capacity of individual learners, and the computer support needs to 

be supplemented with a social protocol for the effect of the learner variability in task 

interpretation. However, the different interpretations that a student can give to the 

task, is not necessarily negative. Many authors claim that agents combined with other 
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types of scaffolds, such as sentence openers (Soller et al., 1999) or discourse 

categories (Ludvigsen & Mørch, 2003), need to be assessed based on their potential 

to make tasks harder or simpler, rather than trying to model the student task 

completion process toward an optimal performance. The learning environments 

augmented with scaffolds designed to make concepts more problematic, for example, 

requiring students to question their contributions or restructure the task, can improve 

learning by providing alternative opportunities for productive problem solving (Reiser, 

2002). 

 

Pedagogy dimension 

 
Pedagogy in this context is about the kind of material to be presented to learners by 

an agent in a distributed learning environment. Identifying and supporting this 

dimension of an agent can be challenging. Addressing it can be done by giving 

agents the role of monitoring and organizing ongoing collaborative processes such as 

participation, group interaction, coordination, and teacher intervention. By monitoring 

the shared information space on an online learning environment an agent can 

compute statistics based on who is logged on, who communicates with whom, what 

objects they act upon, how much of a shared task has been completed, etcetera. This 

can then be presented to instructors as well as students. This information is more 

than the sum of individual learners’ actions and activities in the learning environment 

and will therefore not be determined solely on the basis of the collected data. It needs 

to be integrated with other sources of information, such as paradigmatic examples, 

models and principles associated with teaching styles, cooperative interaction, and 

scientific discourse. 

 

Although, as mentioned before, the pedagogical agents can be as simple as text 

messages, there are numerous research efforts to give them a “face” and to provide 

them with more human like behaviors. Animated pedagogical agents were defined by 

Craig, Gholson and Driscoll (2002) as “a computerized character (either humanlike or 

otherwise) designed to facilitate learning”.  

 

Different animated pedagogical agents have been developed, some with the peculiar 

tendency to receive a proper name (Herman, Steve, Adele, Jack) probably because of 
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the ‘persona effect’, the student’s positive perception of the learning experience related 

to a lifelike character in the interactive learning environment (Lester et al., 1997).  

 

One of the most “famous” animated pedagogical agents is Steve, (stands for Soar 

Training Expert for Virtual Environments), developed by the USC Information Sciences 

Institute's Center for Advanced Research in Technology for Education (CARTE), and 

first used to train cadets in naval tasks such as operating the engines aboard US Navy 

surface ships (W. L. Johnson et al., 2000). Steve (see Figure 3.9) was designed to 

interact with students in networked immersive virtual environments.  

 

A review of animated pedagogical agents can be found in (Rickel, 2001) and more 

recently in (Ashoori, Miao, & Goh, 2007). 

 

 
Figure 3.9.  Steve 
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3.3 Collaborative Virtual Environments  
 
The shift is now to the multi-user characteristic of the CVEs. The considered first multi-

user environment or MUD (Multi-User Dungeon or Dimension) dates back to 1967. It 

was a networked multi-player text based game with dungeons and dragons where 

players tried to kill monsters and find a magic treasure (Bruckman, 1999). As computer 

science advanced in their operating systems and programming languages the MUDs 

evolved into MUD Object Oriented (MOO). More than ten years after of their creation, 

and with the graphical advances in computer science, the MUDs and MOOs started to 

incorporate graphics and sounds, losing the emphasis on text-based interaction, and 

evolved to MUVEs (Multi-User Virtual Environments). 

 
MUVEs support the formation of virtual communities and terms like Collaborative Virtual 

Environment (CVE). The term CVE tries to incorporate under one definition the existing 

multi-user virtual environments that support human-human communication in addition to 

human-machine communication. CVEs might vary in their representational richness from 

3D graphical spaces, 2D environments, to text-based environments (Mello, 2004); 

however, nowadays it is hard to imagine a multi-user virtual environment without 

graphics. 

 

Collaborative environments can be classified by the location of participants; they can be 

in the same physical place, working with the same computer or with connected 

computers, or they can be geographically separated; and communication can be 

synchronous or asynchronous. While the virtual ones (CVEs), typically involve 

synchronous communication and distributed users (Park, 1997). Collaboration in VR is 

moving beyond the mere interactions among users, such as seeing and talking to each 

other, focusing in fostering positive interdependence so that the users would need to 

cooperate and communicate with each other to understand the represented world and 

solve problems (A. Johnson, Moher, Ohlsson, & Gillingham, 1999; Roussos et al., 1997). 

 
VR technology intention is to provide users with a feeling of “being there” (S. Ellis, 1995), 

thus from a shared virtual reality environment it is expected that the users get the co-

presence feeling, that is, “being there together” and interacting with other users 

(Schroeder, 2007). It is clear that the co-presence feeling is influenced by many factors 

of the used technology such as bandwidth or fidelity of input/output devices. Along with 



 

39

factors related to the users’ avatars like their capabilities of nonverbal communication, 

their possibility to manipulate objects and to navigate, the changeability of their 

appearance and their “physics”, or the users’ ability to control the characteristics of the 

graphical environment, among others (Schroeder, 2007). 

 
CVEs represent a technology that may support some aspects of social interaction not 

readily accommodated by technologies such as audio, videoconferencing, and shared 

desktop applications. Studies of cooperative work in real-world environments have 

highlighted the important role of physical space as a resource for negotiating social 

interaction, promoting peripheral awareness, and sharing artifacts (Bentley et al., 1992). 

The shared virtual spaces provided by CVEs may establish an equivalent resource for 

telecommunication (Benford, Greenhalgh, Rodden, & Pycock, 2001). 

 
CVEs offer a space that brings remote people and remote objects together into a spatial 

and social proximity creating a more natural interaction, which allows better 

communicating awareness (Wolff, Roberts, Steed, & Otto, 2005). In CVEs, remote 

participants appear to share the same space as the local user, and can thus better 

represent attention through orientation, gaze and gestures. In this context, CVEs are 

presently unique in supporting the faithful communication of attention, the focus of 

action, and to some extent emotions, with respect to shared objects, across a distributed 

team (Roberts, Heldal, Otto, & Wolff, 2006). CVEs allow also a shared sense of time, 

since participants can react to others actions in real time (Pekkola, 2002). They 

represent a communication technology on their own right due to the highly visual and 

interactive character of the interface that allows communication and the representation 

of information in new, innovative ways, where users are likely to be actively engaged in 

interaction with the virtual world and with other inhabitants (Fabri, Moore, & Hobbs, 

2004). 

 
On the other hand, CVEs weakness in supporting synchronous remote working derives 

from their inability to assist individuals in working flexibly with documents, models and 

other workplace artifacts (Hindmarsh, Fraser, Heath, Benford, & Greenhalgh, 1998). And 

especially when the participants have not ever worked together, they can find hard 

negotiation tasks because of the absence of natural facial expressions, but in a CVE 

people generally find it easy to do the spatial parts of the tasks (Spante, Heldal, Steed, 

Axelsson, & Schroeder, 2003).  Thus, the main uses of VEs are likely to be where spatial 
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tasks are involved, since VEs are commonly and predominantly visual; where co-

presence is required; and where it is more effective or more enjoyable to carry out a task 

or activity in virtual than in real, for reasons of cost, safety or interpersonal difficulty 

(Spante et al., 2003). 

 
Some very well known desktop-based CVEs problems are its limited field of view, 

clumsy object interaction and/or navigation due to limited input technology such as the 

mouse, keyboard, and joystick, and a limited set of gestures (Tromp, Steed, & Wilson, 

2003). A combination of the limited field of view and the unnatural point of view makes 

hard to see what others are looking or pointing at, which creates speech breaks 

(Hindmarsh, Fraser, Heath, & Benford, 2002); this problem is solved in immersive 

scenarios where the improvement is proportional to the users surrounded virtual area 

(Roberts et al., 2006). But immersive virtual reality also has problems like the lack of 

tactile feedback (Pekkola, 2002) or that network delays can eliminate the shared illusion 

(Fraser, Benford, Hindmarsh, & Heath, 1999). 

 
However, it has to be kept in mind that despite desktop CVEs problems they are 

relatively cheap, therefore easier to spread. In addition, some desktop CVEs studies 

have showed good results. In a long-term study (Heldal, 2007) it was found a positive 

people experience in collaborating, that contributes to higher effectiveness regardless of 

the tasks.  

 

There is the general idea that CVEs do not allow interpersonal relationships, but 

research in both long term (Blascovich, 2002; Slater & Steed, 2002) and short term 

(Jakobsson, 2002; Schroeder, Huxor, & Smith, 2001) showed there could be the same 

intensity as in face-to-face meetings. In this regard, it appears that the avatar can readily 

take a personal role, thereby increasing the sense of togetherness, the community 

feeling. The avatar potentially becomes a genuine representation of the underlying 

individual, not only visually, but also within a social context (Fabri et al., 2004). 
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CVE for Learning  
 

Recently, pedagogical principles are leading in the development of virtual learning 

environments. According to Simons (2003), “… the time is finally ripe for ‘digital 

pedagogy’”. VR supports the learning approach currently predominant, the 

constructivism (Economou, Mitchell, & Boyle, 2000), or vice versa, constructivism is the 

fundamental theory that motivates educational uses of VEs (Chittaro & Ranon, 2007). 

According to the constructivist theory, world interaction is relevant in the learning 

process. Besides reality, the most appropriate way to generate a context based on 

authentic learner activity may be through VEs (H. Harper, Hedberg, & Wright, 2000). 

Interaction in a VE can be a valuable substitute for real experience, providing a first 

person experience and allowing for a spontaneous knowledge acquisition that requires 

less cognitive effort than traditional educational practices (Chittaro & Ranon, 2007). 

 

Socio-constructivist theory states that learning is a social activity. Group work improves 

cognitive development as well as social and management skills, and for that, 3D 

distributed environments provide a new helpful tool. A positive result reported by the 

available evaluations is that users enjoy educational VEs. They are more curious, more 

interested and have more fun compared to learning with traditional methods. As a 

consequence, they get more involved in their education process and apply more willingly 

to it (Chittaro & Ranon, 2007). 

    

Nevertheless, there are very few multiuser virtual reality environments for learning; one 

very representative approach is “The Round Earth Project”, an application that deals 

with the children’s intuitive misconception, due to their everyday experience, of a flat 

Earth, providing an alternative cognitive starting point through VR (Ohlsson, Moher, & 

Johnson, 2000). 
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3.3.1 Collaborative Interaction within CVEs 
 

The clear difference between a face-to-face interaction and a collaborative virtual 

environment interaction is, of course, the media. The flow of interaction in real life is 

originated from context, similarly, the technical interaction flow is determined by the 

hardware and the software used (Heldal, 2007). The outcome and the course of the 

collaboration in CVEs is influenced by the context of the environment (Goffman, 1986), 

the flow of conversation (Riva, 1999), the others representation (Garau et al., 2003), 

aside of technical issues like users interface (Heldal, 2007). 
 
In a CVE, the avatar’s appearance and capabilities are highly related to context. When 

the purpose is to socialize, it will be more important the avatars’ communication features, 

and when the purpose is to accomplish a task it is more important the avatars’ object 

manipulation. The avatar representation will be appropriate based on its function within 

the environment (Schroeder, 2007). 

 
Some interpersonal behaviors of real life can be translated to CVEs like conventions of 

interpersonal distance (Becker & Mark, 2002; Blascovich, 2002; M. Smith, Farnham, & 

Drucker, 2002), the addressing, the greeting, or the saying goodbye to others (Becker & 

Mark, 2002). Users adapt other social behaviors to the scenario restrictions and to its 

possibilities like flying or tele-transportation. Other social behaviors are developed within 

the environment, creating highly structured interaction like in Internet based social 

environments such as Activeworlds or SecondLife (Schroeder, 2002). 

 
Similar to real life, the users’ avatars interaction will depend on the collaborative session 

segment.  Heldal (2007) found the next differences: during the introductory phase users 

often briefly discussed each other’s avatars appearance combining this information with 

real information like where the other was situated physically, how the weather was in 

that city, or about their occupations. During the proper collaboration, when each subject 

was focused on solving the task, participants did not care about their avatars except as a 

reference. If they stopped solving the task and discussed with each other (not 

necessarily task-focused issues, or in the introductory or final phase) they handled the 

others’ avatars nearly like real people, facing each other when speaking to each other, 

looking at each other’s gestures, or even trying to shake each other’s hands. 
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According to Schroeder et al. (2006) the generalized problems associated with analysis 

of interaction in CVE is how to generalize from a particular CVE to other settings, finding 

patterns of interaction in CVEs that are common or exemplary, and having an 

appropriate method for capturing and analyzing interaction. The aforementioned could 

be applied as well to real life interaction analysis, however, in CVEs the session can be 

recorded, and if we consider the limited activity range with its typical interaction 

elements, the social or the object manipulation based spatial task, and the reduced 

number of senses involved, vision and audition in oral communication (Schroeder, 

2002), the complexity of the interaction analysis is narrowed, although not trivial.  

 
While a task is collaboratively accomplished, during interaction there is a rich interplay 

between the speech and the action that takes place (Bekker, Olson, & Olson, 1995; 

Goodwin, 1996). Sharing views of a workspace for collaboration is very valuable on 

physical tasks (Gutwin & Greenberg, 2001; Kraut, Fussell, & Siegel, 2003). Speakers 

and addressees take into account what the others can see (Schober & Clark, 1989), 

they notice where the others’ attention is focused (Boyle, Anderson, & Newlands, 1994), 

among other NVC cues like gestures, to generate shared knowledge about previously 

spoken discourse and behavioral actions (Clark, 1996). 

 
The visual information provided by the CVE is one of the strongest sources to verify 

mutual knowledge (Clark & Marshall, 1981). By seeing the actions of the partner, the 

speaker gets immediate feedback regarding whether or not the addressee understood 

the instruction (Brennan, 2004; Gergle, Millan, Kraut, & Fussell, 2004). A shared visual 

environment provides cues to others’ comprehension; both speakers and listeners will 

make use of these cues to the possible extent to reduce their collaborative effort 

(Gergle, Millan et al., 2004). 
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Representations are also a CVE advantage for task accomplishment. Suthers and 

Hundhausen (2003) discussed three ways in which representations might guide 

collaborative problem solving beyond the mere aggregation of their effects on 

individuals: 

  

1) Initiating negotiations: collaborators will feel some obligation to propose and 

discuss changes to a shared representation before actually making those 

changes. Therefore, the potential actions supported by the representation are 

more likely to be discussed, that is, the influence of the representation is socially 

amplified. 

 

2) Representational proxy for purposes of gestural deixis: shared representations 

provide an easy way to reference ideas previously developed; this reference 

accomplished by pointing to the representational proxy rather than by verbal 

descriptions is enhanced in co-presence (Clark & Brennan, 1991) 

 

3) As a ground for implicitly shared awareness: mutual awareness of information 

that results from working together in front of a physically shared display can 

influence participants’ thinking.  

 

Besides the CVE’s visual advantage there is the shared manipulated objects; users can 

share the change of object attributes like position, size or color. Margery et al. (1999) 

categorized collaborative tasks within virtual environments into three levels:  

1) users perceiving and communicating with each other within a shared 

environment;  

2) individual manipulations of the contents of a scene; and 

3) simultaneous manipulations of a shared object.  

 

To coordinate shared manipulation of common objects, it is essential to get feedback of 

the effects of interactions with the objects, in addition to the actions and intentions of 

other participants. In many cases, a visual feedback that reflects the modification, and 

can be perceived by all participants, is sufficient response to an action (Watts et al., 

1996). 
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Automatic interaction analysis in CVEs 

 
For the study of the interactions that take place within the CVEs among users, several 

approaches have been proposed. The automatic methods usually compute the log files, 

for example, to understand the conversation web (Nurmela, Lehtinen, & Palonen, 1999), 

or like in the interesting proposal made by Chittaro and Ieronutti’s (2004), the VU-Flow, 

to visualize navigation within the environment.  But the CVE research community has 

studied users interaction primarily from the perspective of usability (Kaur, 1998; Stanney, 

Mourant, & Kennedy, 1998), in that regard, Economou et al., (2000) pointed out the 

necessity of broadening this usability perspective to recognize the situational and social 

nature of the processes in collaboration. Although, in that direction the typical approach 

is based on the direct observation of videotaped session (Economou, Mitchell & Boyle, 

2000; A. Johnson & Leigh, 2001), a useful tool for research, but not valid as the basis to 

give immediate feedback to users. This is one of the main reasons of trying to achieve 

an automatic detection of collaborative interaction. Recently Mumme et al. (2008) 

proposed a framework for interaction analysis extending the classic log files to what here 

is differentiated as verbal and nonverbal communication (see Chapter 4 – Nonverbal 

Communication). In their proposal, the user is situated in a first level connected to the 

application situated in the second level, which sends data to a third level called 

‘interaction log’, which in turn gives feedback to the application. The data suggested to 

be extracted from the application is, as detailed in Table 3.1, the avatar movements, the 

communication, the appearance and the interaction with the world. Their proposal starts 

out from a generic point of view that leaves the details to be defined depending on the 

application purpose, while here, the starting point is precisely a very specific purpose, 

although it does not mean it is not extensive to other CVEs’ domains.  
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Table 3.1 Interaction data 

Type Data
Avatar movement - Avatar position on the x,y,z-axes over time 

- View angle 
Communication - Text chats 

- Voice communication (audio files) 
- Gestures 

Appearance - Outer appearance (body shape, clothes) 
Interaction with the world - World appearance in general (terrain, objects) 

- Artifacts that avatars use (modify, move, operate with) 
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4. Nonverbal Communication (NVC) 
 

When people interact, messages go through multiple channels that comprise more than 

speech, like body movements, gestures, facial expressions or actions. These not oral 

expressions or nonverbal communication (NVC), enrich interaction while supports 

mutual comprehension, fundamental for a collaborative work. NVC conveys consciously 

or unconsciously communicative intentions, feelings and/or attitudes, (Bolinger, 1985). 

Nonverbal behavior can substitute, complement, accent, regulate, and contradict the 

spoken message (Knapp & Hall, 2007). 

 

The scientific study of NVC has been mostly conducted after the World War II, although 

there were important early contributions on what is now considered NVC. One major 

example is the Darwin’s (1872) “Expression of the Emotions in Man and Animals” that 

anteceded the modern study of facial expressions (Ekman, 1973).  

 

By 1941, Efron proposed, on his nowadays-classic book, “Gesture and Environment”, 

innovative and detailed methods of studying gesture and body language, and a 

framework for NVC behavior classification. A significant increase in the number of 

research took place in the 50’s, some key contributions were the Birdwhistell’s (1952) 

introduction to Kinesics and the Hall’s (1952) classic “Silent Language”.  An explosion of 

the topic came in the 60’s with the study of specific areas of the body such as gazes 

(Exline, 1963) or vocal expressions (Davitz, 1964); and the study of a wide range of 

body activity (Argyle & Kendon, 1967; Kendon, 1967; Scheflen, 1964; Mehrabian, 1969).  

By this time, Ekman and Friesen (1969) distinguished five areas of nonverbal study: 

emblems, illustrators, affect display, regulators, and adaptors; used as a guide for many 

researchers (Knapp & Hall, 2007). 

 

The 70’s are characterized by books attempting to make NVC understandable and 

usable for anybody after the Fast’s bestseller “Body Language” (1970).  But, it was also 

time for summarizing and synthesizing (Knapp & Hall, 2007).  During the 80’s some 

researchers focused on a new trend by identifying how a group of NVC cues work 

together to accomplish a communicative goal (Patterson, 1982).  As Knapp and Hall 

(2007) pointed out, NVC research is gradually putting pieces back together after 

separating them to microscopically be examined, in such a way that to understand NVC 
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behavior, verbal and nonverbal cues interaction has to be observed during the 

communicative process. 

 
NVC is a wide field; although it does not account adequately for the complexity of this 

phenomenon (Knapp & Hall, 2007), a generic useful definition is that it comprises all 

wordless messages people interchange (DeVito & Hecht, 1990). NVC implies 

communication using objects like clothes or hairstyle, or how the decoration of the daily 

spaces are; and NVC is also about what is communicated through our body, like 

gestures, facial expressions or speech characteristics other than verbal content. 

 
While natural human communication is based on speech, facial expressions and 

gestures, interaction also depends heavily on the actions, postures, movements and 

expressions of the talking body (Morris, Collett, Marsh, & O'Shaughnessy, 1979). As 

opposed to information communicated only through auditory channels, corporal 

movements behavior can reduce the ambiguity in spoken language, facilitate 

communication by increasing the redundancy within the message, and reduce the 

fatigue experienced by listeners who do not have the benefit of using all the sensory 

channels (Kellerman, 1992). However, NVC is not expressed in the same way by all the 

people. 

 

NVC, Universal or Cultural  

 
Nonverbal communication varies depending on people nationality or social rules. Most 

researchers agree that there are some universal NVC gestures, although there is not a 

total consent. Birdwhistell (1970) argues that while some anatomic expressions are similar 

for everybody, their meaning is cultural; whereas Paul Ekman (1984) presented a set of 

universal gestures, like the one inclining the head while supporting the cheek on a hand 

for the sleeping feeling, to Ekman universal gestures are limited by human anatomy. The 

most known prove to support the universality of nonverbal expressions are the studies of 

children blind of birth. Babies express a social smile at five weeks of being born, even if 

they are blind; they also show expressions of anger, dread and sadness (Davidson, 1995). 

 
David Efron’s (1941) studies, conducted to deny the affirmations of the Nazis Scientifics 

that the gesticulation is inherited by race, found that there were distinct gestures among 
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traditional Jews and Italians, but that these traditional gestures disappeared as people was 

assimilated into the larger American culture.   

 

Cultures create rules concerning NVC; research has well documented differences in these 

rules. For example, people from Arabic cultures gaze much longer and more directly at 

their partners than Americans do (Hall, 1952; Watson & Graves, 1966).  Watson (1970) 

classified 30 countries either as a ‘contact’ or as a ‘noncontact’ culture, where contact 

cultures were those that facilitated physical touch or contact during interaction. He found 

that, when interacting with others, contact cultures engaged in more gazing and had more 

directly orientations, less interpersonal distance, and more touching. As well, each culture 

has an own set of emblems, those movements with pre-established meaning. Then, it can 

be said that culture is determinant in NVC behavior even if there are some universal 

gestures.  

 

It is worth to mention that due to the fact that most of the research in NVC was initially 

conducted in the United States, the largest amount of data in this area is based on 

Americans NVC behaviors. 

 

If NVC is linked to culture, then the observer or analyzer should know the people’s 

background.  But, even if it is truth that NVC changes from one person to another and from 

one culture to another, it is also truth that it is functional, which means that different 

functional uses will lead to different patterns of NVC interchange. 

 

The NVC Functions 
 

The different NVC functions assume differing arousal, cognitive, and behavioral patterns in 

the interactants. Explaining NVC between people through an approach based on its 

functionality implies that its functional origin will guide to different interchange patterns 

(Patterson, 1982). Consequently, for NVC behavior analysis it is particularly important to 

establish its purpose. 
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The specific functional categories Patterson (1982) proposed for NVC behavior during 

interaction are:  

1) providing information,  

2) regulating interaction,  

3) expressing intimacy,  

4) exercising social control, and  

5) facilitating service or task goals.  

The first two are useful to understand isolated behaviors, while the last three are more 

useful to understand behavior over time. The functions to provide information and 

regulate interaction are independent of the expressing intimacy, exercising social 

control, and facilitating service or task goals functions, in such a way that a given 

behavior can be either informational or regulatory and, at the same time, be part of an 

overall pattern serving to intimacy, social control, or service-task functions, next detailed. 

 

• Providing Information Function.  This is the most basic function of nonverbal 

behavior because, in some sense, everything an actor or encoder does is 

potentially informative to the observer or decoder. 

 

• Regulating Interaction Function.  This is probably the most automatic and least 

reflective function. The function of regulating interactions sets some real lower 

limits to the level of involvement in an exchange. While the interaction behavioral 

framework is regulated by its stationary or ‘standing features’ like distance, body 

orientation, and posture; the ‘dynamic features’ such as gaze, facial expressions, 

and verbal intimacy, regulate the momentary changes in conversational 

sequences (Argyle & Kendon, 1967). 

 

• Expressing Intimacy Function. In general, intimacy can be described as the 

degree of union and the openness toward another person. Practically, increased 

intimacy is the result of greater liking or love for another, or greater interest in, or 

commitment to such a person.  Usually high intimacy is reflected in high levels of 

nonverbal involvement. 

 

• Social Control Function. Social control may be described as involving some goal 

of exercising influence to change the behavior of others. The social-control 
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process will focus on producing reactions opposite to those expected without 

such influence. This may occur directly by trying to persuade others of one’s own 

particular viewpoint. Nonverbal involvement serving a social control function, 

compared to that serving an intimacy function, will be less spontaneous and 

more self-conscious and managed. 

 

• Service-Task Function.  The last category, a service or task function, identifies 

bases for nonverbal involvement that are essentially impersonal. That is, the 

particular level of involvement does not reflect anything about a social 

relationship between the individuals but only a service or task relationship. The 

service-task function of NVC behavior is more routinely and less personally 

relevant for interactants than the intimacy and social-control functions.  

 

The routinely nature of service-task exchanges is reflected in that it seems to follow a 

script, like the service contacts with physicians or dentists, or even the way in which 

people relate to each other in sharing various work activities. The interpersonal 

involvement in these exchanges is constrained by the norms of the setting; the involved 

interpersonal attributions should be less frequent with the service-task function than with 

the intimacy and social-control function. 

 

A good example of NVC service-task function is gaze while a task is being 

accomplished. Contrary to a social situation, while listening during a task-oriented 

interaction, strangers look at each other more than do friends. This difference helped to 

conclude that gaze during this situation serves more as a means of collecting 

information than as a method to express affection (Rutter & Stephenson, 1979).  When 

people are working on a task, gazes are used to get feedback of personal evaluations 

(Kleinke, 1986).   

 

Of special importance for collaborative interaction analysis through NVC is the 

Patterson’s (1982) service-task function, due to the fact that it will keep to an acceptable 

extent cultural and personality influenced NVC behaviors, although intimacy and social-

control functions will also emerge during a collaborative learning session. 
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For the analysis of NVC, there are three basic criteria:  

1) NVC is linked to the person’s set of communication;  

2) it has to be interpreted in congruence with oral communication; and  

3) it has to be interpreted on a communication context (Philippot, Feldman, & 

McGee, 1992).  

When people communicate, the meaning is not separated into channels. The verbal and 

nonverbal messages interact and become integrated into one communicative event 

(DeVito & Hecht, 1990). Although, in this work NVC is the focus of study and analysis, it 

has to be kept in mind that, when it is possible, a mixed approach considering verbal and 

nonverbal communication should provide a better understanding of the collaborative 

interaction.  

 
4.1 Nonverbal Communication in Collaborative Virtual 

Environments 
 
Steed et al. (2005) suggest that much more of the subtle non-verbal behavior of users 

needs to be captured or simulated in order to have collaborative interactions in CVEs 

more similar to those in the real world. One major role of the computer in supporting 

collaborative learning is providing a context for the production of action and rich 

communication. Students do not rely only in oral language to get a shared 

understanding. Most of the utterances contain indexical, ambiguous references, and the 

production of the appropriate action both accepts and confirms a shared understanding 

of the task (Roschelle & Teasley, 1995). The avatars that convey NVC within a CVE 

better support communication and create a more natural behavior among users, and/or 

among users and intelligent agents (Ogata, Matsuura, & Yano, 2002). 

 
Regarding interactions, NVC involves three factors: environmental conditions, physical 

characteristics of the communicators, and behaviors of communicators (Knapp & Hall, 

2007), all of them clearly restricted in CVEs to computer conditions. 

 
In a CVE for learning, environmental conditions have to do with the pedagogical 

strategy, which determines the session purpose, like a theme of discussion, solving a 

problem or accomplishing a task. Based on the purpose of the learning session, the 

environment emphasis will be put on the communication media, the conditions of the 

workspace, the surrounding objects and/or the features of the scene. 
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Physical characteristics of communicators are determined by the avatar’s appearance, 

which in learning environments usually is established by the developer, without 

possibilities of being changed by the student; they also include factors more interesting 

related to the avatar’s possibilities of expressing NVC via facial expressions, navigation 

or some specific body movements. The NVC cues in CVEs have been introduced as a 

solution for both to create more like human avatars and to support the natural 

communication between the users (Kujanpää & Manninen, 2003).  

 

Finally, the behaviors of communicators on which this work is focused are those 

related to collaborative interactions, this is, those behaviors that transmit something 

about how the group members collaborate in order to achieve the common goal; the 

accomplishment of a task.  

 

The three different approaches to transmit NVC from the users’ avatar to a VE (Capin et 

al., 1997) are:  

1) directly controlled with sensors attached to the user; 

2) user-guided, when the user guides the avatar defining tasks and movements; 

and  

3) semi-autonomous, where the avatar has an internal state that depends on its 

goals and its environment, and this state is modified by the user. 

 

In the next sections of this chapter, NVC will be break down to cues while their relation 

to collaborative interaction is discussed. In order to accomplish the learning session 

purpose in a CVE the students will communicate, control their avatars and modify the 

environment. Thus, the NVC areas mainly related are: 

 

Paralinguistics, all non-linguistic characteristics related to speech like the selected 

language, the tone of voice, or the voice inflexions, among others.   

 

Proxemics, the study of Proxemics is the analyses of the chosen body distance and 

angle during interaction (Guye-Vuillème et al., 1998). And  
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Kinesics, the study of what is called ‘body language’, all body movements except 

physical contact, which includes gestures, postural shifts and movements of some 

parts of the body like hands, head or trunk (Argyle, 1990). 
 

The schema to be followed is presented in Figure 4.1.  After each cue, some techniques 

to transmit them from the user to the virtual environment are commented. In addition, 

when it is the case, some approaches for its automatic analysis are presented.  

 

 
Figure 4.1 NVC areas mainly related to collaborative interaction 

 
 

4.2 Paralinguistics 
 
The linguistic behavior is determined by two factors: the code and the content of what is 

intended to communicate, although these factors are not the whole communicative 

behavior. Not interpreting the content, Paralinguistics deals with the linguistics variations, 

like selection of a simple or an elaborated language, or verbal tenses, and other talk 

variations like rhythm, tone or volume of voice, and their relation to the communicative act.  
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Although paralinguistic factors are even harder for computer systems to comprehend than 

human language, the paralinguistic branch that studies, not how people talk, but amounts 

and patterns of talk has been useful for the study of interaction. The idea of measuring the 

time that group members speak in order to understand group process is not new. Early in 

1949, Chapple created the chronograph interaction, a device that measured persons’ 

amount of talk with the intention of analyzing turn-taking structure. According to Chapple, 

people learn cultural patterns of interaction, interactional rhythms, which are configured 

through neurobiological systems (somatic, autonomic, and endocrine subsystems of the 

central nervous system) (Chapple, 1982). 

 

The amount of people talk has been used in psychology to study stress, personality 

differences, relation between partners, the wining or losing of arguments, and it could 

provide means to understand group process (Dabbs & Ruback, 1987). Silence-talk 

patterns have been useful for interaction analysis (Bales, 1970). Frequency, duration, 

and rhythm of talk have been used to establish individual differences during interaction 

(Feldstein, Aberti, & BenDebba, 1979).  

 

Dabbs and Ruback (1987), in their study of group process through utterance patterns, 

pointed our four reasons for not using vocal content as the only dependent variable:  

1) studying content may involve coding the intent of the actor, and, given the 

biases and limitations inherent in observers, errors are inevitable;  

2) content can be an unreliable dependent variable because individuals 

sometimes attempt to deceive others (Zuckerman, DePaulo, & Rosenthal, 

1981). Although group members and independent observers might look to 

content in trying to detect deception (Kraut, 1978), sometimes content is 

less important than characteristics of the voice (O’Sullivan, Ekman, 

Friesen, & Sherer, 1985). 

3) a group activity or conversation may be only a ritual with little significant 

content, then the form of the interaction is more important than the content 

of what is said; and  

4) there may be some interactions where content is virtually impossible to 

code such as with preverbal children or animals.  
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Amount of communication within a group depends on aspects like the task, the group and 

its members. Task factors include its nature and the communication network. For example, 

social groups tend to talk more than groups created to solve a problem (Ruback, Dabbs, & 

Hopper, 1984). There is less communication in networks where the channel is first to a 

centralized point before getting its final target than in those with a decentralized channel 

(Cohen, Bennis, & Wolkon, 1962). Amount of talk is also related to the goal difficulty 

(Locke, 1968) and the time that the group counts with to work on the task (Kelly & 

McGrath, 1985). 

 

How much a person talks is related to his characteristics within the group.  McGrath 

(1984) suggested five factors that affect individual’s amount of talking in a group: 1) 

position in the group’s communication network, like central or peripheral; 2) prominence 

of his seating position; 3) status in the group; 4) motivation to perform the task; and 5) 

member’s value to the group, like being an expert. 

 

In a conversation it can be heard a pattern of alternation among speakers. In a two 

people conversation, the basic parameter is the individual turn, which is made up of a 

speaker’s vocalizations and pause, where the silence that ends a turn is a switching 

pause always followed by the other speaker’s turn. When one person is speaking and 

the other joins, if the original speaker stops his turn then it is an interruptive 

simultaneous speech (Jaffe & Feldstein, 1970).   

 

The situation becomes more complicated when more than two people are conversing. 

Here the speaker’s turn may end with several others speaking at once, in which case 

there is no obvious way to decide who should be assigned the turn. No new turn taker 

has emerged, but it hardly seems appropriate to continue crediting the turn to the 

original speaker. For this situation, Dabbs and Ruback (1987) proposed the group turn, 

the group vocalization and the group pause. The group turns cover between 0.04 and 

10.88% of the total discussion time; although it is a relatively small percentage it is 

important because of the conceptual completeness and because it helps to describe 

what is observed in groups’ conversations. 

 

In relation to collaborating groups, researchers have found that talkative group members 

seem to be more productive (Nortfleet, 1948), more task dedicated (Knutson, 1960), and 
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more likely to be task leaders (Stein & Heller, 1979). Longer speech latencies and a 

relatively large number of pauses are sometimes due to the complexity of the message 

being formulated (Greene & Ravizza, 1995). 

 

Analysis of Amount of Talk in Groups 

 
To understand group interaction, frequency and duration of speech have been used as a 

tool for the analysis. For crowded asynchronous collaborative environments such as 

forums, the typical approach to oversee participation is to count the number of posted 

messages (Hudson & Bruckman, 2004; Kim, Shaw, Feng, Beal, & Hovy, 2006). Patterns 

of people’s talk in groups have been more studied in face-to-face situations, with 

emphasis in meetings. For example, Burger et al. (2002) tried to find out the meeting 

type (among Project/Work Planning, Military Block Parties, Games, Chatting, and Topic 

Discussion) by speech features, such as length of the speaker contribution, the number 

of words per contribution, the sum of used sentence types (question or non-question) 

and the amount of disfluency. Although they could not categorize the meeting by this 

approach, they found that some aspects of speaking style are clearly a component of 

special meeting types. For example, the work meetings are characterized by the largest 

number of short turns, with the supervisors sustaining the longer turns, accompanied by 

many short affirmations from their respective groups.  

 
Brdiczka et al. (2005) used microphones connected to an automatic speech detector to 

retrieve when someone was speaking; this data classified by several Hidden Markov 

Models was used to get different group configurations, that is, which members of four 

subjects group were talking to whom.   

 
A very visual approach is the Bergstrom and Karahalios (2007) Conversation Clock, a 

tool to demonstrate the conversational patterns that the different compositions of group 

adopt, and to be aware of the underlying roles of the participants. The tool displays 

circles of conversation in the center of a round table. Each speaker contribution is 

measured by his volume of aural input, in such a way that more or less volume is 

represented with different color rectangles that indicate the average amplitude one’s 

speech and utterances, something similar to Figure 4.2. 
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Figure 4.2 Conversation Clock 

 
 
Of special interest to this work is the DiMicco et al. (2004; 2007) research of speech 

participation rates. DiMicco et al. found that giving feedback by displaying the speech 

participation levels to the participants in meetings, they tend to regulate their rates.  

Based on theories on the formation of group norms (Hackman, 1992) and on the self-

regulation of behavior (Carver & Scheier, 1998), DiMicco et al. placed in the meeting a 

bar chart with a line crossing the bars that represents the expected participation (an 

equal participation measure of 25% for each member of a four members group), during a 

face-to-face discussion. Data was collected by microphones. During the session, the 

graphic was displayed in a screen located where all group members could see it. In their 

results, they found that over-participators responded to the display by restricting their 

comments, while under-participators did not increase their participation levels.  

 
4.3 Proxemics 

 
People have boundaries that mark their personal space; it is as if people walked around in 

an invisible bubble. Edgar Hall (1952) was the first talking about this personal space; he 

introduced the term Proxemics and defined it as “… the study of how man unconsciously 

structures microspace “. 

 
Proxemics is the study of people’s perception and use of their immediate space, with three 

fundamental related areas: space, distance, and territory.  
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• Space.  Personal space has been defined as "… an area with invisible boundaries 

surrounding a person's body into which intruders may not come" (Sommer, 1979). 

There are differences in the distance that people from different cultures maintain 

from one another. When personal space is violated, people react with defensive 

gestures, shifts in posture, attempts to move away, and actually moving away. 

 

• Distance. Leather (1978) defined distance as a "…relational concept, typically 

measured in terms of how far one individual is from the other". People have certain 

patterns for delimiting the distance when they interact, and this distance varies 

according to the social nature of the interaction. 

 

• Territory.   It refers to any area controlled and defended by an individual or group 

of individuals, with emphasis on physical possession. 
 
In particular, for collaborative task accomplishment, participants locate themselves toward 

the focal area of activity, such as a document, where individuals can coordinate their 

actions with others through peripheral monitoring of the others’ involvement in the activity 

“at hand” (Heath, Jirotka, Luff, & Hindmarsh, 1995). 

 

Somewhere in the middle between Kinesics and Proxemics are the body postures with 

proxemic purposes; people use their body as a barrier to invite or exclude others for 

interaction. Their discussion was decided to be placed in this section. 

 
Scheflen (1964) pointed out three basic dimensions of postural relation in interaction:  

1) inclusiveness or non-inclusiveness of postures, that defines the space for the 

activities and delimits access to and within the group;  

2) vis-à-vis or parallel body orientation, that gives evidence about the types of social 

activities and;  

3) congruence or non-congruence of posture and positioning of extremities, that 

indicates association, non-association, or dissociation of group members.  

This last dimension, not related to Proxemics, will be discussed in the section 4.3.3 

Kinesics - Body Postures  
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Inclusiveness or non-inclusiveness 

 
Wherever a group is meeting, especially if others are present and not engaged in the 

group activity, the group members tend to define or delimit their immediate group by the 

placement of their bodies or extremities. When they are standing or have freedom to 

move furniture, they tend to form a circle.  If they are located in a line, the members at 

each end turn inward and extend an arm or a leg across the open space as if to limit 

access in or out of the group. It is often noted in established groups that the participants 

will place their chair or bodies in such a way access of a newcomer is limited. 

 

Very often, the members of a group act to prevent or discourage certain subgroups 

from forming. This is seen in situations in which some members might interfere with the 

purposes of the group, for example, pairs that might engage in courtship or flirtation, 

taboo relationships, or arguments. The access of such members to each other is limited 

by the body placement and posture of a third participant, which may stand with a part of 

his body placed between the two who are to be kept separated.  

 

The barrier behavior can also be observed whenever people are placed more closely 

together than is customary in the culture. 

 

Vis-à-vis or Parallel Bodily Orientations 

 
In a two people group, the participants can orient their bodies to each other in two 

basic ways. They can face each other in a structure called vis-à-vis, or they may sit 

side by side. When three people are engaged with one another, there is a remarkable 

tendency for two of the three to sit in parallel body orientation, with both vis-à-vis the 

third person. In groups of four, it is common to see two sets of parallel body 

orientations vis-à-vis each other. In larger groups is common to see an individual 

dissociate himself in body orientation from the others and relate in vis-à-vis position to 

the camera, the observer of the group, or some activity outside the group. When it is 

not convenient for participants to turn their entire bodies, they orient their heads and 

extremities into these configurations.  
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When people show a postural orientation vis-à-vis to each other, particular types of 

social interaction usually occur between them. Lexically, they engage in conversation, 

or courtship, or instructing, or arguing. The common mutual vis-à-vis postural 

orientations are teacher-student, doctor-patient, and lover-lover. These activities are 

commonly considered as involving an exchange of information or feeling. In contrast, 

the parallel orientation typically involves activities in which two or more members 

mutually engage toward some third part or object.  

 

A difference that generally appears between these two types of activities can be 

abstracted as follows: in the vis-à-vis orientation the participants must interact with 

each other, it can be said that it is a reciprocal relationship. In contrast, the activities 

carried out in a parallel orientation are typically those that do not require more than 

one person.  

 

These basic body orientations rarely involve the entire body of each participant. 

Instead, members of the group tend to split their body attention, orienting the upper 

half of the body in one direction and the lower half in another.  By this mechanism, an 

individual in a group of three is likely to be vis-à-vis the second party in upper body 

orientation and vis-à-vis the third party in lower body orientation. These mixed 

configurations give the appearance of maintaining group stability by including all 

members in a vis-à-vis orientation. 

 
Proxemics Analysis in VE’s 

 
How people locate themselves in real life can be compared to how they navigate in a VE 

(Conroy, 2001). Probably the most known approach for the automatic analysis of 

navigation in VEs is the Chittaro and Ieronutti (2004) tool, designed to understand users’ 

usability. Their VU-Flow records the paths followed by single users or groups to visualize 

areas of maximum or minimum flow, more or less visited parts of the environment, 

represented in the tool with blackest or different colored areas, and a detailed replay of 

users’ visits with a line trace.  

 
In an interesting study Bailenson et al. (2003) using an immersive VE studied the proxemic 

behavior between people and agent avatars. First, the user crossed the scenario in which 
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the virtual human stood, and then the virtual human approached to participants. Results 

indicated that, as in real life, the users kept greater distance from the agent avatars when 

approaching their fronts compared to their backs; that participants gave more “personal 

space” to virtual agents who engaged in mutual gaze; and that when the agent avatar 

invaded their personal space, participants moved farthest from it. Although, as they 

pointed out, immersive VEs (IVE) cannot be generalize to the population at large, and 

participants knew there was no way that an agent avatar could touch them, which may 

affect their behavior.  

 

Jan and Traum (2007) designed an algorithm for simulating the movement of agents 

based on observed human behavior, using techniques developed for pedestrian 

movement in crowd simulations. These agents are embodied that interact with human 

users in a CVE. Jan and Traum considered three reasons for changing location in a 

conversation in this priority order: auditory, personal space (Hall, 1968) and the ‘create a 

circle’ tendency (Kendon, 1990), and used them as forces for their algorithm, where the 

force represents the influence of the environment on the behavior of the conversation 

participant.  

 
4.4 Kinesics 

 
Ray Birdwhistell (1970), who founded Kinesics as a field of inquiry and research, 

attempted to prove that body movement and facial expression could be best viewed as 

another language, with the same type of units and organization as spoken language.  

 
Kinesics is the interpretation of body language and its study has been made by isolating 

different behavior areas. Those body movements considered more related to interaction, 

and selected to be discussed here, are facial expression, body postures, head 

movements and gestures. 

 
Kinesics is probably the most utilized area of NVC in human-like computer game avatars 

and accordingly it has been well studied. All aspects of physical appearance, such as 

physique, clothing and equipment, can be modeled relatively well (Kujanpää & 

Manninen, 2003). Research has extended to platforms for the development of computer 

agents, like the VRML community, an international panel that develops the language 
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further initiated the H-Anim (for Humanoid Animation) group, which developed a 

standard for representing human beings in online virtual environments (H-Anim group, 

2009). 

 

4.4.1 Facial expressions 
 

The face is rich in communicative potential. It is the primary site for communication of 

emotional states; it reflects interpersonal attitudes; it provides nonverbal feedback on the 

comments of others; it can function as regulatory gestures to manage the flow of 

interaction; and it has been considered the primary source of information next to human 

speech. For these reasons, and because of the face’s visibility, people pay a great deal of 

attention to the messages received from the faces of others (Knapp & Hall, 2007). People 

have a natural ability to “read” from facial expression. Production or encoding and 

recognition or decoding of distinct facial expressions, constitute a signaling system 

between humans (Russell & Férnandez-Dols, 1997). People respond to the facial 

expression and to what they believe is the “meaning” behind the expression (Strongman, 

1996). 

 
Ekman and Friesen (1975) created a list of six emotions that they contend are innate and 

universal. They included happiness, sadness, fear, anger, disgust, and surprise. What is 

culture specific, however, is the learned ‘display rules’ that govern when and how 

emotional displays are considered socially and situational appropriate. People manage 

their facial emotions through simulation, intensification, neutralization, de-intensification, 

and masking (Ekman, 1978). Ekman and Friesen (1978) also created a codification 

system, the  Facial Action Coding System (FACS), that is based on the face muscles, and 

breaks down the face in three movement independent areas: 1) brows and forehead; 2) 

eyes, eyelids, and root of the nose; and 3) lower face with mouth, nose, cheeks, and chin. 

 

Digitizing Facial Expressions 

 
As mentioned, a lot of research has been done in trying to get realistic agent avatars and 

not that much for users’ avatars. The Fabri et al. (2004) online chat displays a user’s 

avatar with facial expressions, a head model with different expressions based on the 
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FACS from which the user can select the one he wants to show, that was created for the 

study of facial expression effective visualization in CVEs for learning. 

 

Igor Pandzic (1998) within a framework for virtual humans in CVEs analyzed the 

advantages and disadvantages regarding the quality of the facial expressions, their 

required bandwidth, and their suitability for different applications. He proposed four 

techniques to support facial communication for CVEs: 

 

1) Mapping the video of the participant’s real face into the virtual face. In this 

approach, the user must be in front of the camera and the video sequence of his 

face is continuously texture mapped on the face of his avatar. 

 

2) Model-based coding of facial expressions. Here the user also has to be in front of 

a camera that digitizes the video images of head-and-shoulders type, but instead 

of transmitting whole facial images the images are analyzed and a set of 

parameters describing the facial expression is extracted such as vertical or 

horizontal head rotation, eyes aperture, eyebrow elevation or mouth aperture. 

The final model displayed is selected accordingly to these parameters (see 

Figure 4.3). 

 

3) Speech-based lip movement. By analyzing the audio signal of the speech, visual 

parameters of the lip movement are extracted (Lavagetto, 1995) and the final 

model displayed is based on these parameters. A simpler method is the audio 

signal to produce an open/close mouth movement when speech is detected, 

allowing the participants in the session to know who is speaking. 

 

4) Use of predefined facial expressions.  As the chat former described, the user can 

simply choose between a set of predefined facial expressions. 
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Figure 4.3 Model-based coding of the face 

 
 

A novel approach in (Takacs, 2008) scans the user face to display a 3D facial model tutor 

that reacts to the student behavior in a closed-loop manner, transforming the students’ 

face information into knowledge that uses emotions as a primary means. The agent 

avatar, a child’s face, exhibits emotions that coincide with, react to, or are oppose to the 

student’s mood. It can, for example, expresses encouraging or disappointed facial 

expressions according to the student’s answer to a question. 

 

Due to their significance and complexity, the facial expressions of smiling and gazing have 

being researched on their own. Smile is generally used to express sympathy, joyfulness 

and happiness. A smile can make a tense situation less hard to go through; others’ smile 

is relaxing, it has a therapeutic effect. The smile’s power influences relationships. During 

conversation smiles are also used as attentiveness and involvement signals just as head 

nods or ‘uh-huh’ cues does, they keep the communication channel open (Brunner, 1979). 

 

For its importance during collaborative task accomplishment, gazes are going to be further 

discussed. 
 

4.4.2 Gaze 
 

Gaze origin is eyes, although it also includes the near area, the eyelids and the eyebrows. 

Its study aims at different aspects such as pupils’ dilation, winks per minute, the gaze 

contact or the expressiveness of the gaze. Eye gaze provides information to regulate 

and coordinate communication (Argyle, 1990; Kendon, 1977). Through it, people 
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express emotions and the nature of a relationship; the gaze functions, on a more emotive 

level, are causing arousal and perceptions of immediacy (Andersen, Guerrero, Buller, & 

Jorgensen, 1998; Patterson, 1982). And gaze direction is often a good indicator of a 

person’s focus of attention (Bailenson, Beall, & Blascovich, 2002). 

 
Eye behavior has a higher probability of being noticed than any other bodily movements, 

so it is a much more prominent interaction signal. Through the eyes, people can control 

interactions, elicit the attention of others, and show an interest or lack thereof, in the 

information being communicated by the interlocutor (Richmond & McCroskey, 2000).  

 

Kendon (1967) identified four functions of gazing:  

1) regulatory – to regulate the flow of communication;  

2) monitoring – to get feedback;  

3) cognitive – to reflect cognitive activity and;  

4) expressive – to express emotions.   

Knapp and Hall (2007) included a fifth function,  

5) communicating the nature of interpersonal relationship. 

 

The flow of communication is regulated through visual contact in two ways: it indicates 

that the interlocutors are open to communication, and it manages turn taking by sending 

and receiving signals. Individuals who seek visual contact with another are signaling that 

they want to engage in communication, and those who obviously avoid eye contact are 

sending the opposite message. For example, mutual gazing can be observed during 

greetings sequences and a great diminished on it when people wish to finish the 

encounter (Knapp & Hall, 2007). 

 
During conversation people’s gazes and verbal behaviors are related, listeners usually 

gaze more than the speaker does (Argyle & Dean, 1965). A speaker’s gaze at the 

completion of an utterance may help signal the yielding of a speaking turn, but listener’s 

gazes do not always accompany the smooth exchange of speaking turns, sometimes the 

speaker glances at the listener when yielding a speaking turn, and the listener delays a 

response or fails to respond (Rutter & Stephenson, 1979).  When a speaker begins an 

anticipated lengthy response, she is likely to delay gazing at the other beyond what 

would normally be expected (Knapp & Hall, 2007).  In pairs, there are more gazes when 

the subject is listening than when he is speaking, typically with a ratio of 2.5 or 3 to 1 
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(Argyle & Dean, 1965). But in groups, subjects gaze over 70% of their speaking time and 

only 47% of their listening time (Weisbrod, 1965). This reversal to the pattern observed 

in dyadic studies is attributed to the need of making clear whom the person is speaking 

(Kendon, 1967). Within a group, when someone is listening or speaking, there is a high 

probability that the person looked at is the person listened (88%) or spoken to (77%), 

then gaze is an excellent predictor of conversational attention in multiparty conversations 

(Argyle & Dean, 1965; Vertegaal, Slagter, van der Veer, & Nijholt, 2000). 

 

People gaze others monitoring for feedback concerning their reaction. If the other is 

looking back, the usual interpretation is that he/she is paying attention and is interested 

on what is being said. During group discussions, monitoring others’ reaction is crucial to 

planning responsive statements and maintaining group harmony and morale.  

Presumably, group members want to know how the affected person reacts before 

deciding how to respond him/herself (Knapp & Hall, 2007). 

 

Eye contact also signals cognitive activity. When one of the interactants looks away 

during a conversation, it may be due to complex information processing (Andersen, 

1999). There is a shift in attention from the external conversation to internal cognition 

(Knapp & Hall, 2007). 

 

A glance at the eye area could provide a good deal of information about the emotion 

being expressed.  For example, for tears it certainly could be concluded that the person 

is emotionally moved, although without other cues, they could reflect grief, physical pain, 

frustration, joy, anger, or some complex blend of emotions.  Downcast or averted eyes 

can be associated with feelings of sadness, shame or embarrassment (Knapp & Hall, 

2007).  

 

The nature of the relationship between two interactants may be indicated by the gazing 

patterns. Leaders not only keep the floor longer (Schmid Mast, 2002), they orchestrate 

who gets the floor and when, by engaging in prolonged gaze to the person they want to 

take the floor next (Kalma, 1993). Other indicator of status or dominance related to gaze 

is that people with higher status or dominance gaze relatively more while speaking and 

relatively less while listening, compared to people with lower status or dominance.  
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There is a difference between face-gaze, when one person’s gaze is directed to another 

person’s face, and eye-gaze, when the direction is to the other’s gaze. If two people 

gaze at each other’s faces then it is a mutual gaze, but if they look at each other’s eyes 

then it is eye contact (R. G. Harper, Wiens, & Matarazzo, 1978). 

 
Gaze fosters cooperation by facilitating the communication of positive intent. When 

people are working together, participants engage in more and longer glances than in a 

competitive situation (Foddy, 1978).  

 

In a learning situation gaze contributes to the teaching-learning process facilitating 

students’ participation and satisfaction (Kleinke, 1986). There is a positive correlation 

between eye contact availability with the instructor and students’ rating of their 

performance and enjoyment in a college class (Pedersen, 1977). 

 

User’s eye tracking 

 
There is a number of eye tracker technologies such as head mounted devices or through 

video cameras, most of them addressed to experimental uses or as input devices for 

disabled people. One example is the GUIDe (Gaze-enhanced User Interface Design) 

project (Kumar, 2007), that detects through video the user’s gaze both as a primary input 

and for scrolling, with off-screen gaze-actuated buttons that can be used for document 

navigation and control. 

 

Transmitting the eye gaze to the user’s avatar, Wolff et al. (2008) presented what they 

called the EyeCVE, a system in which through a direct eye-tracking of the user, the 

user’s avatar moves the eyes in a collaborative IVE. The eye tracker and the head 

tracker are mounted on shutter glasses to combine head and eye gaze, while the users 

interact in linked CAVEsTM (Cruz-Neira et al., 1993). 

 

Regarding eye gaze as part of interaction, Bailenson et al. (2005) proposed a curious 

idea, a transformed social interaction with an algorithm that renders the user’s head 

movement to two listeners at the same time in such a way that the speaker can be seen 

by all the listeners as more interested in each of them. 

 



 

69

4.4.3 Body Postures  
 

Posture is a fixed, stationary position as opposed to fluid bodily movements. When 

sustained or held longer than two seconds, a body movement such as a bowed head, 

may be considered a posture. The postural movement is a movement that spreads 

throughout the body, visibly affecting all parts and usually involving a weight shift 

(Bartenieff & Davis, 1972). 

 

Postures are more expressive of inner attitudes, feelings, and moods than the person’s 

gestures and his briefer, slight shifts in body motion (Givens, 2005). They are a very 

good indicator of certain emotions like anger, boredom, interest, excitement, or affection 

(Bianchi-Berthouze, Cairns, Cox, Jennett, & Kim, 2006). 

 

Posture is generally observed in combination with other nonverbal signals to determine 

the degree of attention or involvement, the degree of status relative to the other 

interactive partner, or the degree of liking for the other interactant (Knapp & Hall, 2007). 

Body movements transmit energy and dynamism during interaction, but they need to be 

congruent with the verbal context, otherwise its excess may express tension or its 

scarcity excessive formality. Some posture associations are the forward-leaning posture 

with higher involvement, more liking, and lower status in studies where the interactants 

did not know each other; the dropping posture with sadness; and the rigid, tense posture 

with anger (Knapp & Hall, 2007).  

 
Scheflen (1964), who studied Americans during psychotherapy sessions, determined 

three standard structural units of body postures: the point, the position and the 

presentation. 

 
1) Point, when a speaker expresses a series of syntactic sentences in a 

conversation, he changes the position of his head and eyes every few sentences. 

Each of these shifts mark the end of a structural level to the next level, higher 

than the syntactic sentence. For example, while a person says each row of a list, 

the maintenance of the head position indicates the duration of that point.  
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2) Position is a sequence of several points. This unit corresponds roughly to a point 

of view that an interactant may take in interaction. The position is marked by a 

gross postural shift involving at least half of the body. For example, when a 

listener experiences growing disagreement and decides that he must state his 

viewpoint, his shifts begin, probably uncrossing his legs and leaning forward. 

 

3) Presentation consists of the totality of one person’s positions in a given 

interaction. Presentations have interval duration from several minutes to several 

hours, and the terminals are a complete change in location.  For example, when 

a group participant may leave a meeting. 
 

The speaker shifts his/her posture as a function of both turn and discourse structure. 

People shift their posture during the conversation at the beginning or end of an utterance 

when they change or end the topic, and when they take or give the talking turn. Cassell 

et al. (2001) found that at the start of a talking turn the shift duration is approximately of 

2.5 seconds with or without change of topic. However, when the turn ends, the speaker 

moves longer (7.0 second) when the topic is finished than when it is continued by the 

interactant (2.7 seconds). 

  
Measures of body postures related to the communicator attitude that have been found 

are relaxation and orientation. A positive attitude from the speaker to his/her addressee 

is broadly defined as the degree of liking, positive evaluation, and/or preference of one 

person for another. Relaxation has been found indexed to the degrees that a subject 

leans trunk from the vertical. The mean angle of backward lean with liked addressees 

(1.4°), is less than the mean angle for disliked addresses (9.3°), in such a way that the 

torso of the speaker is backward for the disliked addressees than for the liked ones 

(Mehrabian & Friar, 1969).  A second index for relaxation is the sideways lean, that has 

been found is moderately high for disliked addressees, lowest for neutral ones, and 

moderately high for liked and intensely liked addressees (Mehrabian, 1968). 

 

Body orientation has been studied for standing and seated people, and it was found 

mainly related to the shoulders orientation (Mehrabian, 1969).  Meharabian (1969) 

explained it as “the number of degrees that a plane perpendicular to the plane of the 

subject’s shoulders is turned away from the median plane of his addressee”.  The body 
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orientation indicates attitude and/or status for the interaction. There was not found any 

significant relationship between the body orientation of standing speakers and their 

attitude toward his/her listeners. However, for seated people shoulder orientation has a 

parabolic function for increasing degrees of attitude: most direct for neutral listeners, 

least direct for intensely disliked listeners, and moderately direct for intensely liked 

listeners.  Body orientation for standing people was found related to status, more direct 

with high-status than with low-status, regardless of the attitude toward the listener.  

 

Now it is described the Scheflen’s (1964) third basic dimension of postural relation in 

interaction of congruence and non-congruence (see section 4.3 Proxemics for the first 

two), that indicates association or disassociation of group members. 

 

Congruence and Non-congruence 
 

The members of a group often hold their heads and extremities in the same position 

among them. Their body positions are direct carbon copies of each other. It is also 

possible, however, that they will hold their extremities and heads in homologous 

rather than identical positions, so that they sit or stand in mirror-imaged postural 

relationship. Both the direct and the mirror-imaged postures are subtypes of what is 

called congruent postures.  

 

Two, four, even six people often sit in postural congruence. When one member of a 

congruent set shifts posture, the others often quickly follow suit, so that the 

congruence is maintained through repeated changes of body positioning. In a group 

of three or more, it is common for two basic configurations of position to be used, with 

one subgroup maintaining congruence in one kind of positioning and another 

subgroup maintaining congruence in another. If one listens to such a group and 

examines what it is doing, it can be often found that two points of view or approaches 

to an issue are being debated or advocated. Even in cases where opposing or 

alternate issues have not yet been formulated, it can be noticed that often one 

postural set is maintained by those on one side of the table and another by those on 

the opposite side of the table.  
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Just as there is a tendency to split a postural orientation, there is a tendency to split 

postural congruence. A person may maintain postural congruence with one person in 

his upper body and with another in his lower body. In a large group, where two quite 

different sets of postural positioning are used, it may be seen the leader or moderator 

of the group using such splitting to maintain partial body congruence with both 

subgroups. 

 

In general, congruence in posture indicates similarity in views or roles in the group. 

However, there is evidence of another meaning of congruence or non-congruence 

postures, indication of status. When some member of an alliance differs markedly in 

social status from the others, he may maintain a posture quite unlike that of the 

others. When the activities in vis-à-vis orientation involve relations of equality or peer 

relations, the postures are often congruent. In situations where congruence is absent, 

there are other evidences of non-association. 

 

Digitizing Body Postures  

 
The automatic analysis of body postures for NVC has been directed to emotional states 

more than to task or work interaction (Bianchi-Berthouze et al., 2006). For desktop VEs 

usually the body posture is automatically assumed based on the users’ actions. One 

approach in the middle between body trackers and automatic postures in the 

environment is the nowadays very popular Wii technology. The research to transmit 

body postures from the user to VEs is mainly for immersive scenarios, and the most 

used techniques are body trackers or video recognition. An example of the use of body 

trackers addressed to task accomplishment can be found in Maupu et al. (2009), which 

captures through specific points of the user body his motion in such a way that this 

information is used to recover the posture of the human performer in the VE.  And one 

example of the video recognition approach can be found in Chu & Cohen (2005), they 

use four cameras to infer the articulated body model by mapping the observed shape of 

the user and discomposing it in a set of elementary postures that are used to display the 

virtual body.  
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According to Mota and Picard (2003), there is not a clearly articulated association 

between postures and their interpretation. However, for seated people there seems to be 

some consensus. Body postures of people seated around a table have been more 

deeply studied probably for its commonness in work meetings. It is also a common 

situation in students working together. When people are seated around a table the 

degree of orientation between the speaker's torso and the listeners’ can show 

agreement, liking, and loyalty when aligning with him/her (Mehrabian, 1969), and when 

not, a parallel orientation reveals neutral or passive moods (Richmond, McCroskey, & 

Payne, 1991). In learning scenarios, it has been found correlation between postures and 

the students’ level of engagement in the lesson. There is also an association between 

patterns of postural behaviors and the interest of a child working in a learning task (Mota 

& Picard, 2003). 

 

A major drawback for detecting postures of seated people with camera detection is that 

the chair may interfere; to get the user seated position typical techniques are body 

trackers or the body pressure in the chair. Mota and Piccard (2003) used for their study, 

to analyze learner’s interest level, a leap chair with pressured sensors for the back and 

the seat. This was the data for a set of independent Hidden Markov Models to analyze 

temporal patterns among posture sequences in order to determine three levels of child’s 

interest, as rated by human observers.   

 

4.4.4 Conference Table  
 

Nonverbal communication acquires especial characteristics when the collaborative work 

takes place with the participants seated around a table, a conference table (Givens, 

2005). 

 

Conference table highlights the upper body's nonverbal signs, signals, and cues. The 

table's shape, size, and seating plan influence group dynamics, and may affect the 

emotional tone and outcome of discussions. For example, dominant individuals will 

choose central seats and do most of the talking (P. H. Hare & Bales, 1963). People 

seated around conference tables appear to be roughly the same size; thus, conference 

tables neutralize physical advantages of stature. Meanwhile, the lower body's features 
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are securely masked below the tabletop, and do not compete for notice with heads, 

hands, or eyes. 

 

Here, the effects of the congruence and non-congruence dimension can be observed.  It 

is often possible to identify the highest status person seated at a conference table by the 

greater number of torsos aimed in his direction. While the less influential may glance 

freely about and turn heads toward peers as they speak, their torsos remain loyally 

oriented to the individual they most admire or respect. 

 

In a conference table the Steinzor effect can be observed; it reveals a significant link 

between eye contact and dominance. With minimal leadership, members of a discussion 

group address most remarks to peers sitting across a conference table; but with a strong 

leader, members address peers seated beside them; and when leadership is shared, no 

spatial effect is seen (Sommer, 1979). In task discussions, people direct more comments 

to those seated across from them in a circle or at a table, whereas in social discussions, 

they are more likely to talk to the person seated next to them. The presence of a 

directive leader may also encourage more talking to those in adjacent seats (Burgoon, 

Buller, & Woodall, 1989). 

 

Some gestures are more related to the table in the meeting, such as palm down, in 

which a tabletop or level surface is struck by a percussive clap with the open hand. This 

gestures show security and domination. Palms down is a worldwide speaking gesture 

used to "hold down" an idea or to "calm down" the mood of an audience (Morris, 1994). 

Accompanied by aggressive, palm-down ‘beating’ signs, the speaker’s ideas, opinions, 

and remarks appear stronger and more convincing.   

 

Automatic Analysis of Meetings  

 
The automatic analysis of meetings is an emerging domain, in which data collected 

through video cameras and microphones represents the main technology challenge. 

Verbal and NVC is extracted for the analysis; the meeting is broken down into a series of 

high-level agenda items with browsing and retrieval purposes (McCowan et al., 2005; 

Waibel et al., 2001). Examples of the type of data collected related to speech are the 

topic detection, the speaker identification and, as mentioned earlier, the speech rate 
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(Waibel et al., 2001); and related to the focus of attention the participants’ head 

movements (Waibel et al., 2003).  

 
McCowan et al. (2005) used Hidden Markovian Models (HMMs), [and in a later proposal 

a two layered HMMs (Zhang, Gatica-Perez, Bengio, McCowan, & Lathoud, 2006)] to get 

sequences of group actions in meetings as a result of individuals interactions. Their 

computational framework for automatic meeting analysis involves three components: a 

set of multimodal group actions, a set of individual actions, and a model of the 

interactions that considers the interaction between individuals as a sequence of events. 

The model data is the set of individual actions: speech activity, pitch, speaking rate, and 

head and hand gestures. And the recognized meeting actions by their model, resulting 

from the interactions between individual participants, included:  

- monologue: one participant speaks continuously without interruption; 

- presentation: one participant at front of the room makes a presentation using the 

projector screen;  

- white-board: one participant at front of the room talks and makes notes on the 

white-board;  

- discussion: all participants engage in a discussion; and  

- group note-taking: all participants write notes.  
 
Chen et al. (2005) analyzed speech, gesture, posture, and gaze to create a visualization 

of verbal and non-verbal activities that shows the structure of the meeting in different 

colors and patterns (see Figure 4.4). They coded the meeting at multiple levels by 

collecting time-synchronized audio through microphones and video stereo recorded by a 

pair of calibrated cameras. The video is used to track automatically, head, torso and 

hand positions in 3D. And for the audio they manipulate data first by a pre-segmentation 

of segments with only one speaker at a time and those with multiple speakers, a second 

step is the transcription and annotation when there are multiple channels, and finally an 

alignment to obtain the starting and ending time of the words in the audio. Some 

annotations include dominant speaker, structural events (sentence boundary, 

interruption point), and floor control challenges and change. 
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Figure 4.4 Display tool for gazes 

 
4.4.5 Gestures  

 
A gesture is a body movement of articulations, mainly hands, arms and head. Kendon 

(1987) defined gestures as “…bodily movements that are clearly part and parcel of the 

individual’s openly acknowledged intention to convey meaning” and, as such, are 

“…treated as intentionally communicative by co-participants”. Kendon (1996) pointed out 

four characteristics helpful to distinguish a gesture from other body movements: 

1) gestures start from a rest position, move away from it, and then return to the rest 

position;  

2) gestures have a “peak” structure, or stroke of the gesture. It is when the 

movement does what is meant for, its centre; 

3) phrases of action identified as gesture tend to have clear start and end. The 

stroke phase is preceded by a preparation phase and followed by the rest 

position; and 

4) gestures typically have symmetry. If a film of someone gesturing is run 

backwards, it is remarkable how difficult it seems to see the difference from 

when the film is run forwards. 

 
Gestures are principally produced by speakers and only rarely by listeners (Schegloff, 

1984), nevertheless, some studies are focused on its role during interaction (Koschmann 
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& LeBaron, 2002). Without gestures, the speaker would probably have to increase the 

number of words used to describe spatial relations and pause more often (Graham & 

Heywood, 1976), it has been found that the speakers’ fluency is adversely affected when 

gestures are restricted (Rimè, 1982). 

 

There are four important types of gestures for effective communication: illustrators, 

regulators, emblems, and affect displays (Ekman & Friesen, 1969). 

1) Those behaviors that complement or accentuate the verbal message are called 

illustrators; these are the natural hand and body gestures that accompany 

speech, such as gesturing, smiling, frowning, or pointing to illustrate a point.  

2) Body language cues that serve to control turn-taking and other procedural 

aspects of interpersonal communication are called regulators. 

3) Emblems are nonverbal behaviors that can be translated into words and that are 

used intentionally to transmit a message. These gestures can substitute words; 

their meaning is widely understood within a culture, although this meaning can be 

completely different in other culture. 

4) Affect displays are gestures that express emotion. Most commonly, these 

displays are communicated through facial expression, like smiling, laughing or 

crying. 

 

Most researchers, particularly those concerned with educational issues, base their work 

on the taxonomy proposed by McNeill (1992) (Roth, 2001), according to which there are 

four basic types of gestures: beat, deictic, iconic, and metaphoric gestures. 

 

Beats   
 

Also referred to as batons (Efron, 1972) or speech primacy movement (Freedman, 

1977), beats are gestures that are void of propositional or topical content but that 

provide a temporal or emphatic structure to communication. Typically, beats are 

simple like the up and down flick of a hand, or the tapping motions used to emphasize 

certain utterances. Beats function as interactive gestures to regulate the coordination 

of speaking turns, to seek or request a response, or to acknowledge understanding 

(Bavelas, Chovil, Coates, & Roe, 1995). 
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Deictic gestures 
 

Deictic gestures are used in pointing, thus its content is dependent. Terms such as 

‘here, there, I, you, this, that’, derive part of their interpretation from the context in 

which the communication act takes place. While terms such as ‘I’ and ‘here’ remain 

unambiguous because they are self-referential, other deictic terms like ‘this, that, 

there’, remain indeterminate unless the speaker makes some sort of gesturing motion 

such as a head nod, a change in eye gaze, or a pointing motion to indicate an 

appropriate referent. 

 

Iconic gestures 
 

Also referred to as representational gestures (Kendon, 1988), include those hand/arm 

movements that have a perceptual relation with concrete entities and events. They 

draw their communicative strength from being perceptually similar to the phenomenon 

that is being talked about (McNeill, 1992). Iconic gestures are therefore said to have a 

transparent relationship to the idea they convey, particularly within a narrative event 

in which they depict concrete objects and events (McNeill, 1992).   

 

Metaphoric gestures  
 

These type of gestures are similar to iconic gestures in that they make reference to a 

visual image; however, the image to which  they refer pertain to abstractions, where  

abstract content is given from the imagery of objects, space, movement, and so forth. 

This form of gestures frequently appears in technical discussions involving abstract 

content, particularly in areas such as Mathematics or Physics (Roth & Welzel, 2001). 

 

Two theories about the nature and function of hand gestures accompanying speech 

dominate the current scientific literature (Beattie & Shovelton, 1999). One suggests that 

gestures convey no semantic information beyond that of the linguistic utterance they 

accompany (Butterworth & Hadar, 1989); they are epiphenomenal. The second theory is 

based on the assumption that gestures and speech share a computational stage and are 

therefore part of the same psychological structure (McNeill, 1992), also denominated 
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semantic model. To this day, empirical studies have not been able to eliminate one 

theory in favor of the other (Roth, 2001). 

 

Even if gestures do not have semantic information, they are still helpful to interpret 

interaction. As part of the speech or transmitting information to the listener, they could be 

used as a means to establish, joint with other nonverbal cues, if there is collaborative 

interaction in a CVE for learning. However, its analysis, like in speech, requires the 

consideration of the context in which the gestures appear. Also as in speech, the 

gesturer adjusts his expression according to his interactant or his receptor (Koschmann 

& LeBaron, 2002).   

 

As mentioned, gestures have narrative (iconic), and grounding (deictic) functions (Roth, 

2001), but while it can be difficult to automatically distinguish between iconic gestures 

from beat gestures, deictic gestures can be compared to mouse pointing. Deictic 

gestures are crucial when the conversation is focused on objects and their identities 

because they identify the objects quickly and securely (Clark & Brennan, 1991) 

consequently, deictic gestures, especially those directed to the shared workspace, 

should be useful to determine whether students are talking about the task. 

 

Pointing automatic detection 

 
The pointing gesture analysis within CVEs has been mainly addressed to how users, 

while interacting, relay on it to identify the different entities available in the environment 

(Clark & Brennan, 1991; Hindmarsh et al., 2002; Tromp et al., 2003). 

 

Nickel and Stiefelhagen (2007) analyzed deictic gestures with the purpose of making a 

robot that recognize this gesture in humans. Through the person’s face and hand image 

from a stereo camera, Hidden Markovian Models were used to classify the 3D-

trajectories in order to detect the occurrence of a deictic gesture; they included the face 

because people tend to see what they point.  
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Gestures in Learning Scenarios 

 
Gestures play an important role in learning, development, and communication in children 

(Piaget, 1959); and in collaborative learning they are an important resource to coordinate 

interaction talk, and writing (Ford, 1999). When the classroom context supports the use 

of gestures, the students may develop scientific modes of discourse much more rapidly 

than when the context does not support them (Roth & Tobin, 1996). 

 

While studying gestures in students in situations of architectural scientific argumentation 

about graphical models, computer graphical models and 3D models, Roth and Welzel 

(2001) found three main results: 

1) gesturing in the presence of the objects and events that are the content of 

students’ expressions, allows them to construct complex explanations by 

lowering the cognitive load; 

2) gestures provide a medium for the development of scientific discourse; and  

3) gestures provide the material that “glues” layers of perceptually accessible 

entities and abstract concepts. When students have conversations in presence 

of material objects, these objects provide a phenomenal ground against which 

students can enact metaphorical gestures that embody entities that are 

conceptual and abstract. 

 
Instructional talk is replete with gestures, allowing speakers to make salient specific 

aspects of texts and graphics on the blackboard, on overhead transparencies, or on 

slides. They appear to constitute a significant resource for making meaning, because 

they highlight conceptual distinctions (Roth & Tobin, 1996), make salient relevant 

features (Koschmann & LeBaron, 2002), or orient the audience to different types of 

features (Roth & Lawless, 2002). 

 

In the relation student-teacher, gestures have also two other possible functions (Roth & 

Lawless, 2002), being the measure for the teacher of the student’s domain 

comprehension, and the student’s use of teacher’s gestures as an additional resource to 

give sense to what the teacher says. Teachers, as any speaker, use gestures to make 

concepts to improve be comprehended; the students must attend these gestures and the 

speech to get all the information from the lesson (Flevares & Perry, 2001).  
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4.4.6 Head Movements 
 
Eye direction is often a high indicative of a person’s focus of attention, just as head 

direction is usually indicative of eye direction. Given this tight coupling, head direction 

can be used as a reliably monitor for other’s focus of attention. Head direction as a 

source of this type of information also offers the advantage of considering the person’s 

full field of view (Bailenson et al., 2002). Moreover, it is possible to judge the head 

direction of another person even at retinal eccentricities of 90°, a location in the visual 

field that is well beyond the range which eye directions can be detected at all. This is 

then a useful and valuable cue for detecting the attention focus of an individual in one’s 

far periphery (Pusch & Loomis, 2001). 

 
Ray Birdwhistle (1970), who created several coding schemes for all kinds of kinesics 

behaviors, distinguishes the following head movements:  

- a full nod up and down or down and up;  

- a half nod either up or down;  

- a small ‘“bounce” at the end of 1) or 2);  

- a full side and back sweep, which may contain a nod or half nod; and  

- a cocked head.  

Similar or even equal head movements can have different meaning or functions. Thus, 

same as gestures or speech, head movements analysis has to be made in context.  

 

According to Cerrato and Skhiri (2003a; 2003b) it is possible to measure and quantify 

the extent of selected gestures and to identify a general pattern for each specific 

movement, and in some cases to establish a one to one relationship between a specific 

verbal expression and its accompanying gesture. As Heylen (2005) pointed out, to 

establish head movements functions it is necessary to consider the conversation topic, 

because the principles that govern them as a social activity, can explain most of head 

gestures patterns. 
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The next classification for head movements is based on McClave (2000).  

 

Semantic movements 

 
Inclusivity. One such pattern is the lateral sweeps that co-occurs with concepts of 

inclusivity, such as the words everyone or everything. Not every inclusive oral 

expression is accompanied by this head movement but it is an observable pattern. 

 

Intensification. Headshakes also convey intensification. Lateral movements of the 

head often co-occur with lexical choices such as very, a lot, great, really, exactly, and 

the like. Goodwin and Goodwin (1987) interpret them as appreciation of something 

out of the ordinary. One hypothesis regarding the link between lateral movements and 

verbal intensifiers is that the lateral movement is a related negation and, therefore, 

carries the meaning of unbelievable in such cases. 

 

Uncertainly. Affirmative statements are often marked verbally as uncertain by ‘I 

guess’, ‘I think’, ‘whatever’, ‘whoever’, and similar expressions. They are kinetically 

marked as well by lateral shakes whose trajectories may be quite contained. In such 

cases, the subject is not negating the statement but rather acknowledging another 

possibility or a missing piece of information. 

 

Narrative Function 

 
Direct quotes. Head movements function to mark switches from indirect to direct 

discourse. A change in the orientation of the head marks the speaker’s change from 

narrator to a character in the narration. In extended quotes the head often returns to 

neutral position, that is, oriented toward the listener before the end of the quote. 

 

Expressions of mental images of characters. The speakers adapt his head position to 

express difference on stature or status of the character about whom he is speaking. 

For example, a child speaking with an adult is quoted by the speaker usually turning 

his head up like when the child is talking to an adult. 
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Deictic and referential use of space. The head is also used deictically to locate a 

referent in space and to orient to the referent subsequently. 

 

Lists or alternatives.  Characteristically, the head moves with each succeeding item, 

often to a contrasting position.  

 

Cognitive Processing 

 
Lexical repairs.  Occasionally, a speaker utters a word or words that he immediately 

rejects as inappropriate and then repairs. The repair is typically preceded or 

accompanied by head movements, the most common of which are lateral shakes, 

often small lateral tremors. 

 

Interactive Functions 

 
Back channeling requests. The feedback can be a hearer signal such as ‘yeah’, ‘um 

hum’, or a nod indicating that the listener is taking note of what the speaker is saying.  

 
Because of his importance during interaction, nods and headshakes are further 

discussed next. 

 

Nods and Headshakes 

 
Nods and shakes are typical movements involved in providing feedback during 

interaction (Cerrato & Skhiri, 2003b); they are an important source of information in a 

back channel that the listeners give to the speaker such as semantic messages of 

agreement or disagreement, comprehension or incomprehension (Argyle & Dean, 1965; 

Givens, 2005; Vertegaal et al., 2000). The repeated short nods of the listener also 

indicate that he/she is paying attention to the speaker (Cerrato & Skhiri, 2003b). A head 

nod is a vertical up-and-down movement of the head rhythmically raised and lowered, is 

an affirmative cue, widely used throughout the world to show understanding, approval, 

and agreement. When nodding is used to emphasize agreement, it serves as an indirect 

communication that the conversation is still relevant to the listener. Hence, nodding is an 
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engaging behavior. (Sidner, Lee, Morency, & Forlines, 2006). While the headshake is a 

rotation of the horizontally from side-to-side and is practically a universal sign of 

disapproval, disbelief, and negation. 

 

Sidner et al. (2006) suggest, based on their observation although as they said in an 

informal sense, that that the listener nods vary from very small angles (3-4 degrees) for 

acknowledgement to larger angles for yes answers, to large swings of the head when 

expresses emphatic affirmation or agreement.  

 

Hadar et al. (1985) using kinematic properties differentiate nods an shakes, movements 

usually employed to signal yes, no or equivalents, as symmetrical and cyclic; that is, 

they are a number, around three, of bout movement. With a small angle, that stars wide 

and then gradually narrows; in their study with a mean of 13.3 degrees for one extreme 

to the other for nods, and 11.7 degrees for shakes. 

 

A nonverbal condition that may trigger the listener feedback nods is that the speaker turn 

his/her gaze to him/her (Morency, de Kok, & Gratch, 2008), even if the listener is not 

directly gazing back (Sidner et al., 2006). The feedback nodding from the listener usually 

follows a speaker pause and sometime goes with the denominated filled pause, an 

expression such as ‘mm hmmm’ or ‘yeah’ (Cathcart, Carletta, & Klein, 2003).  When a 

person is speaking, he/she makes pauses where the listener can take the turn (Sacks, 

Schegloff, & Jefferson, 1974), if these pauses do no lead to a turn exchange, then a 

backchannel nod for the speaker to continue could be expected (Morency et al., 2008). 

By only using pauses, Morecy et al. (2008) found that pauses over 900 milliseconds 

better suited their model to predict this kind of nods.  

 

However, it has to be kept in mind that the relationship between the speaker contextual 

events and the listener visual feedback may not be constant over time (Morency et al., 

2008). Also, different people have different types of head nods, for example, head up 

then down, head down then up, head toss from the side up and then down. The duration 

can vary from one up to several among with their angle (Sidner et al., 2006).  

 

Other signal that can be sent through nods is impatience; rapid head nods often 

accompanied by verbalizations of pseudo agreement like ‘mm-hmm’ is a common 
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method to encouraging a speaker to finish. In this cases the requestor hopes the 

speaker will perceive that these comments are being given much too often and do not 

follow ideas expressed logically enough to be genuine signs of reinforcement (Knapp, 

Hart, Friedrich, & Shulman, 1973). Sometimes nods are also used for the talking turn 

exchange (Duncan, 1972). 

 

Head movement in VEs  

 
Within VEs head movements have been studied with the purpose of giving veracity and 

look-alive features to agent avatars. Here, one distinguished project is RUTH (Rutgers 

University Talking Head) conducted by DeCarlo et al., (2004). The project is a free 

platform for real time facial animation system. The animation is of high-level signals in 

synchrony with speech and lip movements. It is based on the head movements 

proposed by Birdwhistell (1970) with related possible interaction functions.  

 
4.4.7 NVC during Interaction 

 
Before leaving the chapter two more concepts regarding NVC and interaction that are 

not explicitly cues are commented. 

 

Interactional Synchrony 

 
Getting tangible meaning in a computer environment from this interesting NVC 

observation represents a huge challenge. It seems that while having a conversation 

people share a rhythm; this phenomenon, denominated as interactional synchrony, was 

first observed by William Condon (1967) while looking for body movements’ patterns by 

video analysis. Condon (1967) found that the speaker’s body moves with the compass of 

his speech and that the listener does the same. To Condon, this peculiarity is to indicate to 

the speaker that the listener is paying attention, if the listener gets distracted looses 

synchrony. According to Hadar et al. (1985) approximately a fourth of all the listeners head 

movements are in synchrony with the speaker speech.  
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The interactional synchrony of NVC is not the speaker’s gestures imitation, it is something 

more subtle.  For example, the speaker’s head moves to the right and exactly at that time 

the listener raise his hand (Davis, 1973). People learn interaction patterns proper of their 

culture, their interactional rhythms (Chapple, 1982). 

 

NVC within a Session Structure  

 
The analysis of a session has to consider factors such as its structure, its temporal 

organization or its participation structures. Some of them taken from Jordan and 

Henderson (1995), and related to NVC are described. 

 

Elements of the structure of the session  

 
Beginnings and Endings. Official beginnings are preceded by the participants' verbal 

and nonverbal preparatory activities, and after the event is officially over there is a 

period of time during which people disengage. Beginnings and endings are often 

marked by re-arrangements of artifacts, they are often perceived as externally 

imposed, and they are in fact collaboratively achieved by participants. 

 

Greetings perform a regulatory function by signaling the beginning of an interaction.  

They also do much more, they convey information about the relationship, reduce 

uncertainties, signal ways to better know the other, and structure the resulting 

dialogue. Verbal and nonverbal behavior during greetings may also signal status 

differences, such as those between a subordinate and supervisor; degree of intimacy; 

or it may signal a current feeling or attitude such as aversion or interest (Knapp & 

Hall, 2007).  

 

Leave-taking or saying good-bye has the regulatory function in signaling the end of 

the interaction. Decreasing eye gaze and positioning one’s body toward the nearest 

exit are the two most frequent nonverbal behaviors for that. Other nonverbal leave- 

taking behaviors include looking at the watch; placing the hands on the thighs for 

getting up; gathering possessions together in an orderly style; and accenting the 
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departure ritual with sounds such as slapping the thighs when rising, stomping the 

floor with the feet when rising, or tapping a desk with the palms (Knapp & Hall, 2007).    

 

Segmentation. Events of any duration are always segmented in some way, their 

participants make that structure visible to themselves and to each other, how they 

“announce” in some sense the fact that they have reached a segment boundary in the 

work, and that the next segment of interaction will be of a different character. 

 

Kendon (1985) pointed out that spatial orientation serves as a means of negotiating 

transitions from one segment to the next one. People test out each other's alignments 

to a given interpretive frame as a means of finding out if the others are willing to 

change to a new one. Small maneuvers in the direction of a new position are often 

observable as pre-closings. Finishing food or drink, moving into a bodily position for 

exit, or stepping back from the conversational circle are announcements of readiness 

and proposals to change the frame of interaction. Transitions from one event segment 

to another are often indicated by shifts in activity, announced by changes in 

personnel, movement of participants in space, or the introduction and manipulation of 

new objects. 

 

The Temporal Organization of Activity 

 
Rhythm and periodicity. In social settings where some kind of mutual engagement is 

ongoing, newcomers to the action must find a break in the ongoing stream of verbal 

and nonverbal activity in order to be admitted. Kendon’s (1985) synchrony concept is 

one of the devices by which a person can indicate to the other that he wishes to 

establish interaction without making an explicit request. By simply picking up on the 

rhythm of other's movements or talk, people establish a connection that at the same 

time does not commit them to an explicit initiation. 

  

The Spatial Organization of Activity 
 

Kendon (1985) pointed out that spatial position and orientation can be the mechanism 

to transmit expectation and/or intention. This collaborative phenomenon helps people 
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to take action like occupy space, impose upon each other, make apologies, and 

sometimes to repair infractions and expectations. Actors frequently show intentions 

by the way they occupy the available space. These physical set-ups affect possible 

participation structures, that is to say, they encourage or hinder certain kinds of 

interaction between people in the scene.  

 

Artifacts 
 

Artifacts are ubiquitously present in all human endeavors. Artifacts and technologies 

set up a social field within which certain activities become very likely, others possible, 

and still others very improbable or impossible. 

 

It is important to track where people's eyes are, when and how gaze moves between 

objects, from persons to objects, and back again, sustaining or shifting the focus of 

attention as the salience of particular objects or displays changes. Gaze clearly plays 

an important role not only in coordinating conversational interaction but also in 

carrying out physical tasks. 

 

NVC set for the avatars  

 
There have been pointed out some approaches to transmit or to analyze automatically 

NVC within CVEs in separate cues. However, many researchers deal with NVC as a 

whole, in this regard for example, Kujanpää and Manninen (2003) presented a model to 

analyze the elements of NVC in avatars, in order to consider them for video games, with 

what they claim is an exhaustive set of elements as possible. Sims (2007) presented 

reusable avatars conforming H-Anim, Extensible 3D and ADL Shareable Content Objects, 

for tutoring purposes. He summarized the actions that the avatar within his system can 

perform as: speech, through recorded voice and with proper lip-sync; facial expressions, 

the seven basic emotions; focus of attention, directing gazes; gesture, with one or two 

arms of a 2000 library movements; manipulation of objects, grasp, manipulate and 

connect them; posture, to illustrate a point, to conceal the body, to prepare for an action, 

and to maintain balance; and locomotion, walk or run between two locations.  
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5. Tutoring Collaborative Learning 
 
The Jerman, Soller and Mühlenbrock’s (2001) paper “From Mirroring to Guiding: A 

Review of State of the Art Technology for Supporting Collaborative Learning” presents, 

not only the review, but a cycle for the collaboration management (see Figure 5.1) with 

the stages of Collecting the Interaction Data, the Constructed Model of Interaction, 

Comparing the Current State of Interaction to a Desired State, and Advise/Guide 

Interaction. Another important contribution in this paper, further discussed in section 5.2  

Fostering the Learning Session, is the distinction they made to the degree of support 

that can go from just showing information to the tutor or the students (mirroring), to 

intervene by, for example, giving advice (guiding).  

 

 
 

Figure 5.1 Jerman et al. (2001) collaboration management cycle 
 
In a later paper, Jerman et al. (2004) retake the idea of classifying the type of support for 

collaboration learning. Here, they distinguished the ‘structuring approaches’ that give 

support before the interaction begins by means like controlling participant 

characteristics, their roles or the group size, or the tools’ characteristics like 

communication media and the nature of the task, factors that may encourage group 
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members to engage in certain types of interaction. And, what they called the ‘regulation 

approaches’, that support collaboration by taking actions after the interaction has begun. 

 

Collazos et al. (2002) made this distinction by dividing the collaborative learning process 

into three phases according to its temporal execution: pre-process, in-process and post-

process. The pre-process tasks are mainly coordination and strategy definition activities, 

the post-process tasks are mainly work evaluation activities, and the in-process phase is 

where the interactions of collaborative work take place. According to Jacques (2000), 

from the many variables that affect group behavior, those that the tutor can influence, if 

not control, are the decisions taken before the group actually meets; the first tutor task.  

 

A collaborative learning session starts long before students meet. First, the teaching 

objective has to be established and with it the content domain design. The environment 

for the session has to be prepared. Although, the focus of this work is to regulate 

collaboration while the learning session goes on, these pre-process factors that give a 

framework to the learning session will be discussed in order to give a better 

understanding of the conditions that enclose a collaborative session.  

 

5.1 Structuring the Collaborative Learning Session 
 

Structuring approaches aim to create favorable conditions for learning by designing and 

scripting the situation before the interaction begins (Jermann et al., 2004). A 

collaborative session does not guarantee at all that each student gets the expected 

knowledge but a careful session structure creates the potential conditions for this to 

happen. Many uncontrollable factors will affect the learning session such as the 

students’ mood or humor, or psychological or environmental factors, but, to a certain 

extent, the pre-process can determine some conditions for an effective collaborative 

interaction during the session. 

 
Some other consideration about interaction are that in a newly created group, the 

members will make an effort to be accepted, the interaction will be affected by the 

behavioral indicator from other members of the group related to this acceptance 

(Sorensen & McCroskey, 1977). This can be uncomfortable at the beginning but as the 

expectative is adjusted and the members’ relations are defined, new more comfortable 
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interaction bases are created. As session goes on, the group members create new 

interaction rules that place it just as a background. However, when groups are created to 

accomplish a task that requires interdependence and collaboration, the group members 

are usually more attentive to others opinions, more willing to accept others’ ideas, and a 

very communicative environment is created (Napier & Gershenfeld, 1975), conditions 

that support collaborative interaction. In addition, personal perception can be easier 

managed within VEs since a number of times others do not know how their group peers 

look or even what are their backgrounds; anybody could be anyone (Hamburger & Ben–

Artzi, 2000). Here, the most difficult component could be the computer mediated 

interaction rules since they have to be either learned or created.  

 

While some learning groups seem to interact naturally, others struggle to maintain a 

balance of participation, leadership, understanding, and encouragement. The most 

effective instructors teach students both the cognitive skills necessary to learn the 

subject matter, and the social skills they need to communicate well in a team (Soller, 

2001). The results of learning activities depend not only on the student’s skills to execute 

a task, but also on the strategy of collaboration with teammates to do it (Collazos, 

Guerrero, Pino, & Ochoa, 2003).   

 

Among the important factors to be considered for structuring the learning session are the 

kind of task to be accomplished by the group, the group size, the group homogeneity, 

and the group leadership further discussed.   
 

Task 

 
One of the factors that affects the most the success of a learning session is the task 

selection. Taking care of the task is the reason for the group to meet; accomplishing 

it, is the shared group goal. A goal is the “end toward which effort is directed” 

(Webster's New Collegiate Dictionary, 1977). Sharing goals creates the group 

members compromise to attain them, which encourage collaboration. A group 

achieves interdependence when the students in the group perceive that their goals 

are positively correlated such that an individual can only attain his goal if his team 

members also attain their goals (Deutsch, 1962). 
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Not all tasks are suitable for the study of collaborative interaction. Open-ended tasks 

are better suited than tasks where there is a clearly defined path to the solution such 

as the Towers of Hanoi, because open-ended tasks do not afford the possibility for 

one subject to solve the task alone, for instance by applying a formula or a systematic 

method. In order to be able to observe interaction as it unfolds over time, it is 

important that the subjects maintain some interest in the task. Therefore, the task 

should be engaging, more like a game than a mathematical examination (Jermann et 

al., 2004). 

 

Group Size 

 
Other factor that influences interaction patterns is the size of the group. There is not 

an exact specification about how many members a group should have in order to be 

called a small group (A. P. Hare, 1976). But when the group size increases there are 

fewer opportunities and less time for members to communicate, also as group size 

increases, the possibilities for potential relationships increase dramatically (Kephart, 

1950). Other condition generated from the group size increment is that the group will 

tend to fraction itself giving to communication other dimension by relating several 

groups (A. P. Hare, 1952; Kleinbaum, Stuart, & Tushman, 2008). 

 

On the other hand, two people groups usually produce tension; a relation domination-

submission is inevitable generated. When one of the members becomes aware of the 

other member’s power, he either will try to counterattack or will assume a passive 

conduct. However, this kind of relationship offers a more intimate relation (Napier & 

Gershenfeld, 1975). Other two people group disadvantage is that, if at any moment 

one of them is not available, the group is disintegrated (Barros, 1999). 

 

In a three people group, tension is minor since usually two people will join forces in 

order to get acceptance of their ideas and then the third member diminishes the 

resistance on the recognition of the power by means of the numbers, which allows a 

most rapid solution of the problem in consideration. The person in minority may not 

feel well, but he will be capable of rationalizing his impotence. In a similar situation, 

communication in groups with odd number of members tends to be more fluid, 
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because there is not the possibility of an equal division of opinions with no 

consequent fight for the power. 

 

In groups bigger than five people, its members generally complain about participation 

restrictions. A five people group avoids getting stuck by the division of opinions and 

the minority could be of two group members, not isolating one of them. In addition, 

this group size is big enough for role interchange (Napier & Gershenfeld, 1975), it 

allows diverse ideas and opinions and it is small enough for everybody to be listened 

(Hackman & Vidmar, 1970). 

 

Homogeneity 

 
For a collaborative situation, members of a group are expected to have symmetry of 

action, knowledge and status (Dillenbourg, 1999). It is hard to imagine a real 

collaborative situation in a hierarchical system where only some members take 

decisions and give orders and the rest of them just obey them. And not that hard to 

understand why collaborative interaction is enhanced when the group members have 

a similar background that facilitates a better comprehension among them. Effective 

communication within a group requires two different important types of homogeneity: 

cultural and mental frames homogeneity where intellectual homogeneity is less 

important; and the homogeneity in the psychic equilibrium, like the self-esteem, 

neurosis or obsession (Anzieu, 1965). Also similar personal features get socio-

emotional understandings more easily which allows group members to liberate more 

energy on the task (Anzieu & Martín, 1971). 

 

Leadership 

 
Another important issue for group performance is leadership. Leadership has been 

related to higher participation rates (Stein & Heller, 1979). A leader is essential for a 

group because it covers functions such as (Gibb & Gibb, 1955):  

1) initiation, to keep in movement the action of the group, or start it; 

2) regulation, to influence the direction and pace of work of the group; 

3) information, to give information or opinion to the group;  
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4) support, to create an emotional climate that keeps the group joined and 

facilitates the members’ contribution to the task; and/or 

5) evaluation, to help the group to evaluate group decisions, goals or procedures. 

In a collaborative learning scenario the leader’s role is expected to be functional, that 

is, leadership functions can be performed by only one person but they can also be 

satisfied by different members of the group (Miles, 1959), which looks more 

appropriate for a real collaborative situation. 

 

In the next section, the support during the collaborative learning session is discussed. 

 

5.2 Fostering the Learning Session   
 

In the Jerman et al. (2004) classification for the tools to support collaboration (see Figure 

5.1) they called mirroring systems to those that support the first two phases of their 

cycle: 

1) the data collection, and 

2) the aggregation of raw data into pedagogically sound indicators;  

meta-cognitive systems to those that support a third phase:  

3) the diagnosis of the interaction, providing the learners or teachers with 

information about the state of the interaction, and aid in the analysis of the 

interaction (Simoff, 1999; Zumbach, Mühlenbrock, Jansen, Reimann, & Hoppe, 

2002), 

and to those that facilitate the session, guiding systems, which perform a fourth phase:  

4) the recommendation of remedial actions to help the learners, generally acting in 

one of three ways:  

- by taking over a portion of the task, hence making the task easier and 

decreasing the cognitive load of the students;  

- by playing the role of teacher or facilitator, offering task-based or social 

oriented guidance; or  

- by playing a particular social role in the group such as a motivator.  

These guiding systems that play the role of the teacher or facilitator, usually process the 

information “out of sight” and then send the analysis results or recommendations to an 

online teacher or a tutor agent. The processing engine should output something that the 
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online human teacher or the tutor agent might find useful in guiding the students toward 

learning. 

 

However, even though there are many proposals for the interaction analysis, only a few 

are guiding systems. This ‘processing engine’ toward the remedial actions 

recommendation has taken different formats. Some representative examples are: by 

dialogue analysis, the OXEnTCHÊ–Chat of Vieira et al. (2004) that, through the log files 

and ontology for the subject domain, creates a bot agent to coordinate dialogue.  This 

approach makes an automatic classification in a five modules analyzer package. 1) The 

Analysis Controller receives users’ contributions, their feedback requests and sends 

message to the bot agent. 2) The Subject Classifier identifies the subject of discussion. 

3) The Feature Extractor computes the number of collaborative skills (based on 

McManus & Aiken, 1995), the number of dialogue utterances, number of participants 

and total chat time. 4) The Dialogue Classifier through MLP neural network or a decision 

tree classifies dialogue as effective or non-effective based on the collaborative skills 

aforementioned. And 5) the Report Generator. The bot agent goals are to maintain the 

students’ dialogue focused on the task by sending a message when they change the 

subject, and/or presenting some links to Web sites related to the discussed subject; and, 

to encourage participation by sending a private message to the student that is not 

actively participating or by asking all the students to participate in the discussion. The 

bot agent also answers some simple questions based on the students’ contributions.  

 

With a structured system, Barros and Verdejo’s (2000) DEGREE (Distance Environment 

for Group ExperiencEs) uses the students’ classification of their contribution to construct 

a model of interaction with a fuzzy inference procedure to create an agent that guides 

the social interaction. The approach characterizes group and individual behavior in a 

qualitative way from three perspectives, the group in reference to other groups, each 

member in reference to the other group members, and the group by itself, where the 

automatic analysis is based on semi-structured messages. Each student’s contribution 

type indicates a position in the conversation such as a comment, a question or an 

answer, and then attributes for each contribution such as initiative, creativity, elaboration 

and conformity get a teacher’s value within a range. An advisory message is triggered 

for poor values and a reward message for good results, these can be group or individual 

messages.  
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Based on the task actions, the Constantino-Gonzales and Suthers’ (2000) COLER 

(Collaborative Learning Environment for Entity Relationship modeling) through the 

students’ opinion on their peers’ actions, the students’ individual actions in their private 

workspace, and their actions on the shared workspace as the input data for decision 

trees, a tutor agent offers advice for the task and for the social interaction. The students 

construct an individual solution before they work in the shared solution, the agent 

monitors when semantically important differences appear between the students’ and the 

group ER (entity relationship) diagrams and encourage their discussion.  The agent also 

monitors participation. The type of advices that the agent gives to the students are such 

as to encourage the group participation, a contribution to the solution based on experts 

data, asking explanations or justification. 

 

The processing engine proposed in this work is the analysis of the users’ avatar of NVC 

in a 3D CVE to give the means to a pedagogical agent to guide the collaborative 

interaction. Before going further on this topic, some facilitator characteristics are 

discussed. 

 
Effective collaborative learning includes both learning to collaborate, and collaborating to 

learn (Jermann et al., 2004), thus, the students may require guidance in both 

collaboration and task oriented issues. Effective instructors must teach students both the 

cognitive skills necessary to learn the subject matter, and the social skills they need to 

have a proper communication with their peers (Soller, 2001). The results in learning 

activities depend not only on the students’ skills to execute a task, but also on the 

followed collaborative strategy (Collazos et al., 2003).  

 

Usually the term facilitator is applied in CSCL with no distinction on guiding collaboration 

or the task (Schwarz, 2002; Collazos et al., 2003; Jermann et al., 2004). For the purpose 

of this paper the term facilitator is used as the one that gives a neutral guide and does 

not intervene in the subject matter (Schwarz, 2002), distinguishing facilitation from the 

tutor role as a domain expert that gives advice also in this regard. 
 

During the collaborative learning session, the accomplishment of an assigned task and 

its proper execution is expected. In order to establish if the task was efficiently executed, 
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data can be collected in specific group process phases. Baeza-Yates and Pino (1997) 

proposed to evaluate collaborative work through three factors: quality, how good are the 

results; time, total time to carry out the work; and work, total amount of work.  However, 

outcomes can be a result of just part of the group members’ work or of a continuous 

implementation without a previous plan with limited possibilities for the students to share 

knowledge. The aim of this work is the collaborative interaction needed to carry out the 

task and not the task on its own. Although, it has to be kept in mind, that a correct 

collaborative interaction process for learning does not guarantee efficient or effective 

plans, or that the task correct accomplishment means an effective collaborative 

interaction process. However, it is a reliable indicator that knowledge has been shared 

during the learning session, which makes the session cognitively effective. While the 

accomplishment of a task should be the most important activity for the group meeting, in 

a collaborative learning session the task is the background in which students are 

expected to share knowledge.  

 

One main instructional difference between teachers and tutors is that tutors have the 

opportunity to pursue a given topic or a problem until the students have mastered it. In a 

tutoring frame, the tutor basically dominates the dialogue because he dictates the 

agenda, asks the questions, selects the examples and problems to be solved, gives the 

feedback, etcetera (Jacques, 2000). In contrast, a facilitator is expected to listen to get, 

instead of give, knowledge.  

 

From a constructivist perspective the learning is student centered, and the tutor is 

expected to scaffold the group process to create learning conditions instead of being the 

knowledge source, in such a way that the tutor in a collaborative learning session gets 

the facilitator role. In this context, group facilitation is a process in which a person who is 

substantively neutral, and who has no substantive authority to make decisions, 

diagnoses and intervenes to help a group to improve how it identifies and solves 

problems and makes decisions aimed to increase the group’s effectiveness. Whenever a 

group meets, it is possible to observe both process and content. While process refers to 

how the group works together, the content refers to what a group is working on. The 

facilitator task is to intervene in the process but not in the content, to do so it is required 

that the facilitator does not abandon neutrality reducing the group’s responsibility of 

solving its problems (Schwarz, 2002). 
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Facilitator meeting guides are based on speech content analysis, since the purpose here 

is to foster a collaborative leaning session through NVC, it was needed to adapt the 

intervention facilitator rules to this approach, Roger Schwarz’s book (2002), “The Skilled 

Facilitator”, will be used as foundation.  

 

An intervention is any statement, question, or nonverbal behavior of the facilitator 

designed to help the group process. To intervene, the facilitator needs to decide 

whether, how and why to do so; where the interventions have the intent of changing 

group’s behavior to a model that guides the group to an effective collaborative learning 

session. 

 

First decision to make is whether to intervene. If the facilitator decides to intervene, then 

he also needs to decide who to intervene with, on what issue, and how to shape the 

opening lines. 

 

Considering whether or not to intervene 

 
It is not feasible or even desirable to intervene every time a group member acts 

ineffectively or each time the facilitator identifies some element of the group’s 

process, structure, or organizational context that hinders its effectiveness. To make a 

reliable diagnosis of the group behavior it is necessary first to take enough time to 

observe it. Diagnosis should be conducted as non-invasively as possible because 

continually interrupting learners to determine their current intent and to find out their 

misconceptions would interrupt constructivist learning (Lester, Stone, & Stelling, 

1999). 

 

However, waiting to intervene also has potential disadvantages if the group members 

infer that there is not vigilance performed. An early intervention shows the group what 

it can expect from the tutor and can help members become quickly aware of their 

behavior. Other criterion to decide to intervene is to determine how much the not 

desired behavior hinders the group from achieving the task. 
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One principle of the facilitator is to reduce unnecessary dependence, not doing for the 

group what the group can do for itself, then there is the need of asking if a member of 

the group will intervene in case that the facilitator decides not to. If a member 

intervenes effectively, the facilitator now knows that the group has developed the 

ability to diagnose and intervene on that type of behavior or issue. 

 

When to intervene 

 
If the facilitator decided improperly not to intervene, then he needs to determine the 

probability for a latter intervention that still helps the group to avoid any negative 

consequences of the ineffective behavior.  

 

It is necessary to make a quick intervention when, for example, the group’s process 

may be growing increasingly more ineffective, the quality of the group’s decisions is 

suffering, or there is insufficient commitment to implement a decision. 

 

Group process tends to repeat itself, which can present other opportunities to 

intervene on the same ineffective behaviors or patterns. If members do not test 

inferences on one issue, they are likely not to test those inferences throughout their 

discussion of the issue at hand, as well as other issues. However, once a group 

makes a decision on the basis of ineffective process, there may not be another 

opportunity to help the members deal with the content of their decision if the facilitator 

does not intervene at that time. 

 

Intervention immediately after an ineffective group behavior has the advantage that 

the problem context is still active in the learners’ mind. A disadvantage is that it may 

disrupt a potentially fruitful collaboration process that has just started. On the other 

hand, delayed messages may appear out of context and hence come too late for the 

feedback to have the desired effect. Messages that are repeatedly ignored may have 

to be placed at a location that will not disturb the user’s main activity, or be postponed 

to a later time (Mørch et al., 2005). 
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How to intervene 
 

The basic principle is to intervene with the person or people who have the data to 

respond to the intervention. Intervention must be addressed to the person whose 

behavior is needed to change, and it is better to do it by his name. When intervening 

on a pattern of behavior, the facilitator should address all members who contribute to 

the pattern. Then, in the order in which they have entered the pattern, the facilitator 

has to address each member’s contribution; this allows the group to see how the 

pattern develops. 

 

Addressing people by name has to be done because if they have not been addressed 

directly, the members concerned may not know that the facilitator has addressed 

them, and it prevents the facilitator from finding out whether the group members 

agree with the facilitator’s inference. As a result, members may not respond to the 

facilitator’s intervention, either because they do not understand it is meant for them or 

because they disagree with the facilitator’s inference about their behavior. 

 

The steps for the facilitator intervention can be first to describe what has been 

observed and then to test if the group agrees with the observation. Finally help the 

group members to redesign their behavior to be more effective and describe the 

consequences of not changing it. 

 

Publicly testing inferences with the group prevents unilaterally acting on inferences 

not accurate. Many research studies have found that after developing a hypothesis 

about what is happening in the group, people tend to seek data consistent with the 

hypothesis and avoid or discredit data disconfirming it (Nisbett & Ross, 1980). The 

facilitator has to be prepared for group members to see things differently. 
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An intervention needs to be done using language that states exactly what the 

facilitator mean; it has to be a very clear intervention by following this rules: 

- Use words and phrases that have one meaning –the meaning you want to 

convey 

- Use descriptive words when they can be substituted for evaluative or judgmental 

words. For example, it is better to say that a member did not do his part that to 

say that he is irresponsible. 

- Use proper nouns or other nouns rather than pronouns 

- Use active voice unless the identity of the actor is not clear  

- Use words that give equal recognition to all members and tasks 

- Choose words that distinguish the facilitator role from group members’ roles 

- Avoid imperatives; focus instead on cause and effect.  To give orders reduces 

group members’ free and informed choice 

- Avoid facilitator jargon. Terms such as intervention, role conflict, or directly 

observable data 

- Avoid humor that degrades members or that can be misinterpreted. 

 

A facilitator agent can use various degrees of intrusiveness and eagerness to attract 

the users’ attention. When the facilitator agent present information judged to be 

important, it can force a user to attend it; this may be the preferred strategy, but in 

other situations, it will be perceived as annoying and distracting from the main activity. 

A less intrusive strategy is to display feedback as a separate process, like in a 

separate window or by an animated character that is superimposed on the current 

process without disrupting it (Mørch et al., 2005). 

 

A middle-ground intervention strategy is to provide the user with a choice whether to 

attend to the assistance immediately or first complete an action sequence in 

progress. In any case the information by the facilitator agent should be displayed in 

such a way that do not go unnoticed, and those messages pertaining to the user’s 

current focus of attention should always be easy to read and not be hidden among a 

large set of information related to other parts of the environment (Mørch et al., 2005).  
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5.3 Diagnosis of Effective Collaborative Interaction 
 
In order to consider an action as interaction, the action itself or its effects, have to be 

perceived by at least one member of the group other than the one who carried out the 

action (Martínez, Dimitriadis, & de la Fuente, 2002). Collaboration is a participants’ 

mutual compromise in a coordinated joint effort to solve a problem (Roschelle & Teasley, 

1995). Therefore, an interaction addressed to affect the collaborative process can be 

denominated as collaborative interaction. Thus managing collaborative interaction 

means supporting group members’ cognitive activities related to their interaction (Soller 

et al., 2004).  

 

Making use once more of the Jerman et al. (2004) cycle to support collaborative learning 

(see Figure 5.1), what will make the facilitation interventions needed during the session is 

that the comparison of the current state of interaction is not the desired state.  

 

Some of the indicators for the ‘desired state’ for effective collaborative interaction for 

learning are next discussed.  

 

Dialogue  

 
Formally, a knowledge sharing episode is a segment of interaction in which one 

student attempts to present, explain, or illustrate new knowledge to his peers through 

speech and actions, while his peers attempt to understand and assimilate the new 

information (Soller & Lesgold, 2003). Besides discourse, actions and gestures are 

helpful in creating and maintaining common grounding (Roschelle & Teasley, 1995). 

 

Dialogue is by definition a collaborative endeavor (Jermann et al., 2004) that supports 

the construction of mutual believes about the problem at hand and how to solve it.  

Dialogue also allows identifying the others’ commitment on carrying out the task.  

Thus, the students’ involvement in group’s discussions increases the amount of 

information available for the group, enhancing group decision making and improving 

the students’ quality of thought during the learning process (Jarboe, 1996). The 

dialogue facilities have to include aspects of interaction that constitute the specificity 
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of collaborative learning such as sharing an initial set of meanings, explicit 

agreement/disagreement messages, or explicit requests for explanations (Dillenbourg 

& Self, 1995). 

 

In this context, the communication process serves to the learning purpose by:  

1) externalization, when a student shares knowledge;  

2) elicitation, when a student by externalization gets other student’s 

contribution; and  

3) getting consensus about possible actions to achieve goals (F. Fischer, 

Bruhn, Gräsel, & Mandl, 1998). 

 

Consensus 
 

For a collaborative group it would be better to make decisions by consensus, in such 

a way that decisions are easier to implement because everybody affected agrees at 

least to the point that they will not to block them. The consensus disadvantage, 

though, is that its time consuming (Mosvick & Nelson, 1987). 

 

Consensus is typically described as an agreement that all members can live with and 

support, or at least they are willing to try, even if it is not everyone’s preferred 

decision. The purpose of getting consensus instead of majority vote is because if the 

group members just vote over a decision they will not have to think on the minority’s 

concerns. In trying to reach consensus, the group is forced to explore the 

assumptions and motivations behind each position. However, a common problem that 

a group faces while making consensus decisions is that the discussion can go out of 

proportions (Corcoran, 1999). 

 

Despite dialogue importance within a collaborative task accomplishment, it has to be 

kept due proportions. A balance between action and conversation is needed; the 

students must keep the focus on the task. A common problem in collaborative 

problem solving situations is to maintain this balance between ‘talking’ and ‘doing’ 

(Jermann, 2004). 
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Shared ground 

 
Mainly at the session beginning, but also as it goes on, the students need to create a 

common background. Each group member possesses information from his own 

experiences; the combination of these experiences and the members’ understanding 

of them have to be part of the learning session (Lavery, Franz, Winquist, & Larson, 

1999). As the shared knowledge is assimilated into the group thinking process, the 

group members evolve and develop a shared understanding (Soller & Lesgold, 2003). 

This common ground then means, mutual knowledge, mutual beliefs, and mutual 

assumptions, and this shared ground needs to be updated moment-by-moment (Clark 

& Brennan, 1991). A member of a group will attempt to be understood, at least to an 

extent that the task at hand can be accomplished (Resnick, 1976). 

 

Participation 

 
In a collaborative task, it is expected that all participants take part in all activities 

(Scrimshaw, 1993). Group learning possibilities grow with its members’ participation. 

An active student’s participation corroborates that he is interested and understands 

the group activity. In a collaborative situation, participation is expected to have 

symmetry (Dillenbourg, 1999), that is, similar participation rates from all members, in 

both decisions making and implementing. 

 

Each individual who is a prospective member of a group can usefully be regarded as 

having a characteristic rate of interaction. For both, groups and individuals, qualitative 

differences of performance are associated with differences in interaction rates. For 

example, people with task leadership are generally associated with higher interaction 

rates while people with relatively lower rates tend to assume residual roles of 

supporting, modifying, qualifying, or rejecting. Thus, it may be possible to estimate 

characteristic rates of particular individuals and from this information predict certain 

aspects of performance in groups constituted with these individuals. Conversely, it 

may be possible to predict certain aspects of performance of an individual in a 

particular group by the estimates of his characteristic performance based on previous 

diagnostic sessions (Borgatta & Bales, 1953). 
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It has to be kept in mind that participation statistics, if considered alone, may be a 

poor indicator of student learning (Soller, 2001), although they are helpful and a very 

common approach for quantitative analysis. 

 

Higher-level indicators 
 

According to Jermann (2004) from students’ participation information, higher-level 

indicators can be derived. First, different types of division of labor correspond to 

different participation patterns. 

 

Participation patterns in division of labor: 

- Symmetric in dialogue and asymmetric in implementation. In a role based on 

division of labor without status differences, subjects discuss plans for action 

together but only part of them do the implementation. 

- Asymmetric in dialogue and implementation. A hierarchic role organization where 

some give orders and others execute them. 

- Symmetric in dialogue and implementation. In the absence or a very accurate 

division of labor. 

 

Second, problem-solving strategies are reflected by participation patterns observed 

over time. 

 

Problem solving strategies patterns: 

- Dialogue and implementation alternation, could reflect a systematic problem-

solving approach which follows the plan-implement-evaluate phases. 

- Almost null participation in dialogue and continuous implementation could reflect 

a brute force trial and error strategy. 
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Division of Labor 
 

Also, people sharing the workplace could just mean that actions are interrelated and 

not that they are working together, hence actions have to be put in context to avoid 

confound division of labor with collaboration (Mühlenbrock, 2004). In division of labor 

within a cooperative or interrelated work, each person is responsible for a portion of 

the problem solving. But collaboration involves a coordinated, synchronous activity 

that is the result of a continued attempt to construct and maintain a shared conception 

of the problem or task at hand (Mühlenbrock, 2004), the mutual engagement of 

participants in a coordinated effort to solve the problem together (Roschelle & 

Teasley, 1995). 

 

An active solving model 
 

The tendency of novice problem solvers is to rush toward trying out solutions without 

previously establishing plans and evaluating possible approaches. This problem of 

lack of participation and poor quality of interventions is described in the literature as a 

barrier to productive interaction (Jermann, 2004). The main difference between 

successful problem solvers and those who are not, is their active or passive 

approach. A passive problem solver typically reads the problem, chooses one way to 

solve it and keeps trying this way even if it fails. A more active solving model involves 

frequent problem re-analysis and backtracking to alternative solution paths 

(Lochhead, 1985). 

 

Plan-Implement-Evaluate 
 

While a maintained balance between dialogue and action is desirable, it is also 

expected an appropriate approach to problem solving based on the Plan-Implement-

Evaluate cycle (Jermann et al., 2004). In order to accomplish a task it would be 

desirable first to plan how, when and by whom things are going to be implemented, 

then to make the implementation or execution, and finally to evaluate what was 

implemented. This is a cycle, and its phases are not always entirely separated. It is 

not necessary to have everything planned to make some implementation; 
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implementation can be interrupted by new or redesigned plans, or by evaluation; and 

evaluation may need implementation or new plans.  

 

When planning, the discussion of the strategies to be followed helps students to 

construct the shared view or mental model of their goals and the required tasks to be 

executed. Planning and execution are usually interleaved for each participant and 

among participants (Rich & Sidner, 1998). If the group takes care of the actions 

toward the common goal without a previous plan phase or without evaluating the 

results, even if the task has been accomplished, there are scarce possibilities for 

sharing knowledge. The group process has to be facilitated by giving the students the 

opportunity to measure both individual and collective performance. Group processing 

exists when groups discuss their progress, and decide what behaviors to continue or 

change (D. W. Johnson et al., 1990). During this auto evaluation, each student learns 

individually how to collaborate more effectively with his teammates and the group as 

a whole reflects on its performance (Soller, 2001). 
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The Tutor Model Frame 
 

Computers can record every student intervention, but complete computer 

comprehension of natural language has not been accomplished yet; the problem of 

analyzing unstructured student dialogue is still an open issue (Soller et al., 2004). This is 

probably the main reason to make the computer analysis of collaborative interaction 

through other signals, such as opener sentences or the students’ classification of their 

interventions. Moreover, other well-known challenge for interaction analysis in explicit 

interactions is silence. In fact, silence can be almost as significant as explicit utterances 

(Littleton & Light, 1999), thus analysis does not have to relay only in discourse but also 

in action (Martínez, Guerrero, & Collazos, 2004). All of that led me to consider NVC as 

the means for the analysis of collaborative interaction.  

 

Punctually, the model here proposed aims to facilitate in time, understanding facilitation 

as guiding the group process, a collaborative 3D virtual learning session of a small group 

of students, while they synchronously accomplish a task with an open-ended solution 

that implies the manipulation of objects, by monitoring indicators of effective 

collaborative learning inferred from their students’ avatars NVC cues displayed during 

the collaborative interaction. 
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Part II: The Model 
 
 
 
 
 
 
 
 
 
 
 
 

I never teach my pupils. I only attempt to 
provide the conditions in which they can learn.  

 
- Albert Einstein 
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6. The Analysis of Collaborative Interaction through NVC cues 
 
The role of NVC within CVE for learning should be, besides the means to understand 

collaborative interaction, the means to support collaborative learning by including other 

channels of communication in learning applications that better fit the domain. The 

development of computational methods for determining how to give the best support and 

assistance to the collaborative learning process requires understanding of how students 

communicate and collaborate (Collazos et al., 2007). 

 
In order to highlight NVC and to explore the possibilities of the proposed model, the 

worst scenario will be assumed, where the virtual tutor is not able to understand the 

students’ dialogue at all, and it does not have any information about the task they have 

to carry out such as the task’s goals or requirements. Although, of course, this does not 

have to be necessarily true, doing so presents two advantages: the final model will be 

easily adapted to any CVE for learning without regards of the domain, making it 

appropriate for a generic analysis; and, it can be mixed or extended with these other 

tutor capabilities of understanding the students’ dialogue and the realization of the task, 

for both a better understanding of the collaborative interaction and/or a more ample 

facilitation. 

 
Indicators of effective collaborative learning may vary from one researcher to another, 

from their specific points of view, or from one domain to another. The selection of those 

that better fit the environment’s learning purposes has to be done according to the 

pedagogical strategy. Some of the NVC cues from those discussed as a framework for 

collaborative interaction (see Chapter 4 - Nonverbal Communication) will be related to 

indicators of effective collaborative learning such as the students’ participation rates or 

an adequate group process that includes the plan, implementation and evaluation 

phases (see previous section 5.3 Diagnosis of Effective Collaborative Learning). This 

approach, as far as we know, has not been explored yet.   

 

Two criteria were applied for the selection: first, accordingly to our purpose, the 

corroborated degree of relation between the NVC cue and indicators of effective 
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collaborative learning; and second, the NVC cue requirement of being totally 

recognizable by a computer system.    

 

6.1 NVC Cues and their relation to Effective Collaborative 

Learning Indicators 
 
The selected NVC cues are amount of talk, amount of manipulation of objects, gazes, 

deictic gestures, some proxemic behaviors, head movements, some body postures and 

facial expressions. The order for their discussion is based on how often the cue can be 

observed in CVEs, for example, to collaborate with others the communication channel is 

an imperative, so talking has to emerge in any CVE, but if the task does not require 

navigation, no proxemic behaviors will come out.  

 

According to the transmission form, from the user’s avatar of the NVC to the computer 

environment (commented in Chapter 3 – Collaborative Virtual Environments for 

Learning), the retrieval of the cues within an application would be through that same 

input device such as a tracker, the keyboard or the mouse. The exception is the amount 

of talk, which differs according to the communication channel, a chat written text or a 

microphone. The gazes’ direction can be inferred from the avatar’s point of view or its 

head movements, when it is not possible to get the exact eye gaze target. The pointing 

gestures can be obtained from the mouse, wand or joystick pointer. The proxemic 

behavior comes from the different locations of the student in the scenario, so it can be 

obtained from the avatar’s navigation. When the application displays the avatar’s NVC 

according to certain rules, then the rules that trigger the behavior are the source for the 

NVC cue retrieval. 

 

6.1.1 Amount of Talk  
 
This paralinguistic feature is present in collaborative environments even if they are not 

virtual ones. Amount of talk and implementation can be collected without variations 

derived from the environment or the domain, and with no special hardware 

requirements. Oral communication seems to be more appropriate for VEs (Imai et al., 

2000), but written text can be a substitute to acquire it from the environment.  
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This paralinguistic cue is helpful to know if the student is taking part in discussion and to 

what extent.  

 

Researchers have not reached consensus about how to measure talk. In the strict sense 

of the term, pauses could be taken not as part of the speech, although they usually are 

within the speaker’s turn, but the turn of talk definition shifts from one researcher to 

another according to their criterion to determine its limits (Feldstein et al., 1979). If the 

purpose is to establish which students are taking part in the discussion periods and 

somewhat their participation proportion, the measure could be less meticulous. In this 

regard, Jaffe and Feldstein (1970)  temporal definition of the talking turn can be helpful: 

it begins when a person starts to speak alone, the person with the ‘floor’; if nobody 

interrupts him/her, the speaker keeps or maintains the floor, his/her talking turn. 

 

The most common metrics for talk is, for written text, the frequency obtained by the 

number of posted messages (Hudson & Bruckman, 2004; Kim et al., 2006). Each posted 

message can be considered a talking turn. Counting the number of words can be also an 

option to get amount of talk, since words are separated by spaces. In oral 

communication, the microphone adjusted to detect the user speech sound (Brdiczka et 

al., 2005; DiMicco et al., 2007) to get the vocalization time is the amount of talk, and 

each vocalization a talking turn.  

 

Talking turn = a posted message in text communication 

Talking turn = a vocalization in oral communication 
 

 

Amount of talk = frequency of posted messages or words for text communication 

Amount of talk = duration of vocalization for oral communication 
 

 

These metrics are for the individual amount of talk, and the group talk is the sum of all 

individual amounts of talk. In order to get each student’s participation rate a weighted 

average can be calculated.  
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Group amount of talk = ∑Amount of talkі 

                                                                                         for і = 1,2,…n students 
 

 

Student participation rate in talk = student amount of talk / group amount of talk 
 

 

It is important to distinguish discussion periods (see section 5.3 – Dialogue). If amount of 

talk is the only NVC cue to rely on for the identification of discussion periods, then it has 

to be considered that, when people work in a group, they frequently produce statements 

alongside their action directed to no one in particular (Heath et al., 1995). These isolated 

statements are different from the alternation of talk-turns that involve at least two group 

members. But it is clear that a discussion period has to be more than, for example, a 

question-answer interchange. Then a number of talk-turns that involve most of the group 

members is required to be considered a discussion period. The group size that will be 

used as parameter is no greater than five members (see section 5.1 – Group Size) then 

‘most of the group members’ is, for example, two in a three members group, and three in 

a five members group.  

 

Discussion period   (number of talking turns > threshold A) Λ (number of group 

members involved > threshold B) 
 

 

However, if there are other NVC cues available for the analysis, such as gaze direction 

and deictic gestures, it is advisable to use them for the discussion periods detection, as 

will be explained next.  

 

On the other hand, even if no statements can be made for sure about an utterance 

without content comprehension, if a student is an initiator, a person that initiates 

conversations, chances are this student is externalizing. An initiating utterance followed 

by an answer could be understood as elicitation, and a growing speech rate with group 

turns could be understood as getting consensus. People that initiate most of the 

discussion periods are considered to have leadership tendencies (Bales, 1970).  
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Periods of empty talk-turns could happen because the students are working on ideas ill 

formed or too complicated to be introduced into the shared work, followed with intense 

interaction to incorporate the individual insights into the shared knowledge (Roschelle & 

Teasley, 1995).  These kinds of empty talk-turns will have to be put in context, that is, 

students have to be in a planning or evaluation phase, and not working in the task. 

 

6.1.2 Artifact Manipulation and Implementation in the Shared 

Workspace  
 

Artifacts manipulation can be a NVC form since it can be the answer to an expression. 

Even if there are no artifacts in the learning session, the shared workspace can be 

considered as such, as part of the group’s collaborative interaction. This NVC cue is 

similar to amount of talk in a number of ways: it has to be present in the collaborative 

learning session, there is no need of a VE to be observed, and it can be retrieved with 

no special hardware.  

 

Despite its quality, how much a student works within the workspace is, in itself, a good 

indicator of that student’s interest and participation in the task. The duration of an object 

manipulation can be measured either since the object is touched or when the 

transformation actually starts (e.g. move or resize). Like for amount of talk, the measure 

should allow to establish if the students are implementing and to what extent. For that, 

again the weighted average can be calculated.  

 

Amount of manipulation = frequency of objects touched 

Amount of manipulation = duration of objects touched 
 

 

Group amount of manipulation = ∑Amount of manipulationі 

                                                                                          for і = 1,2,…n students 
 

 

Student participation rate in manipulation = student amount of manipulation / group 

amount of manipulation 
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It is clear that in the implementation phase there has to be a lot of activity in the shared 

workspace and, if there is division of labor, this activity will appear in different locations 

at the same time. Considering a group of five people, if at least two students are working 

in different areas, division of labor can be assumed.  

 

Division of labor   number students working in different areas of the workspace > 

threshold C 
 

 

Based on what Jermann (2004) stated, a combination of amount of talk and amount of 

manipulation is useful to understand division of labor and the problem solving strategy 

(see section Higher-level indicators in Chapter 5). Since symmetry is a more or less 

equal participation, then it can be measured by calculating the exact rate of equal 

participation expected from each student and giving to it a range of tolerance, if one of 

the student’s rate goes out of that range then participation is asymmetric. For example, 

in a group of four students, the expected equal rate for amount of talk and/or amount of 

manipulation is .25 or 25%, and ±8 points could define the limit of the symmetric range; 

then a student rate above 33 % or below 18% denotes an asymmetric participation. The 

calculation of this tolerance range has to be done considering that those points above or 

below of the expected equal rate of any student, will contrary affect the expected equal 

rate of at least one of his/her peers.  

 

Equal participation rate = 1 / n 
                                                                        where n = number of students in the group 

 
 

Symmetric participation і  (equal participation rate ± tolerance range)і 

 

Asymmetric participation = not symmetric participation 
 

 

Considering only amount of talk and amount of manipulation, in the planning and 

reviewing phases it is expected scarce implementation, the objects will probably be more 

touched than moved. The initiation of the implementation phase can be established, like 
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with discussion periods, through a degree of manipulation and a number of students 

involved.   

 

Implementation phase  (number of objects manipulated > threshold D)  (number of 

group members involved > threshold E) 
 

 

However, again, if there are more NVC cues accessible then they have to be taken into 

account for the analysis. 

 

6.1.3 Deictic Gestures 
 

It can be difficult to automatically distinguish between iconic gestures from the very 

common meaningless gestures people use when they are speaking, but as mentioned 

deictic gestures can be compared to mouse pointing.  

 

When the group is working with objects, the communication by reference is essential to 

get a common focus (Gergle, Millan Kraut & Fussell 2004). In a conversation focused on 

objects and their identities, deictic gestures are crucial to identify the objects quickly and 

securely (Clark & Brennan, 1991). Thus, deictic gestures directed to the workspace are 

useful to determine whether students are talking about the task. The time a person 

keeps a pointing gesture is usually only the needed to draw others’ attention to the 

pointed object (according to Nickel & Stiefelhagen, 2007 around a couple of seconds), 

so its frequency is enough to indicate the speech topic. An isolated deictic gesture could 

be just an instruction given or a gesture to make clear a statement about an entity, but 

turns of deictic gestures can be related to creating shared ground, that in turn can be 

related to the planning phase  (see section 4.3.5 − Deictic Gestures). During planning, it 

is then expected, beside discussion, alternating deictic gestures of the students. In the 

alternation of deictic gestures, most of the students need to be involved to avoid 

confusion with a question-answer interchange about an object.  

 

Planning phase  discussion period  (number of deictic gestures > threshold F)  

(number of students involved > threshold G) 
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6.1.4 Gazes 
 
Gazes usually have a target, which has to be part of the data collection since this target 

indicates the students’ focus of attention. Through the students’ gazes it can be 

determined if they are paying attention to the current task and/or to which other students. 

By observing gazes it can be overseen if the group maintains focus on the task, and the 

gazes could also be helpful to measure the degree of students’ involvement. 

 

In an application specially designed for learning, the expected gaze targets within the 

environment are the peers or the workspace. Gaze targets also can be ‘somewhere 

else’, like in the case that it is not a VE intended for learning like SecondLife or 

VirtualWorlds, if this situation is sustained the student is clearly not involved in the task.  

 

In order to establish if the student is involved in the task, his/her gazes have to be 

congruent with what is going on in the environment, that is, usually gazing to the speaker 

or to what he/she is pointing at during a discussion period, and usually to the workplace 

during implementation. An 80% of the time for the student to maintain this congruence is 

suggested as an acceptable rate in Sociology and Psychology Science to measure 

human behavior.  In that same way, it can be overseen if the group as a whole maintains 

focus on the task, considering congruence of the gazes of all the students in the group.  

 

Gaze targets congruence  (% time gazing to the speaker or to the object he/she is 

pointing at during discussion periods)  (% time gazing to the workspace in the 

implementation phase) 
 

 

Student involvement  gaze targets congruence with the situation > threshold H 
 

 

This gazing can also be understood as the student’s field of view directed to the peers 

with short shifts to the workspace and going back to the peers in discussion periods, and 

the student’s field of view directed to the workspace with shifts to the peers in the 
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implementation phase.  Aggregating the gaze cue makes more accurate the distinction 

between discussion periods, the implementation phase and division of labor. 

 

Discussion period  (number of talking turns > threshold A)  (number of group 

members involved > threshold B)  (% time gazing the speaker or to the object he/she is 

pointing at) 
 

 

Implementation phase  (number of objects manipulated > threshold D)  (number of 

group members involved > threshold E)  (% time gazing to the workspace) 
 

 

Division of labor  (number of students working in different areas of the workspace > 

threshold C)  (% time gazing to what they are doing > threshold I)  
 

 

The gazes to the workspace in the implementation phase will be usually directed to a 

specific object, the one that is being manipulated. However, in a reviewing phase, the 

task has to be observed in a more extended area than just an object, and then gazes will 

be spread in the workspace area under review.  If these ‘spread gazes’ are observed by 

the end of the implementation phase, then the reviewing phase can be identified.  

 

As aforementioned the implementation phase is recognized by a certain number of 

objects manipulated that involved a certain number of members of the group, when 

these numbers decrease the implementation phase has ended.  

 

The end of the implementation phase if during implementation phase the (number of 

objects manipulated < threshold D)  (number of group members involved < threshold E) 
 

 

The statistical dispersion formula can be applied to identify the spread of gazes.  Data of 

the gaze targets of the students collected during the implementation period will provide 
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their standard deviation. To quantify “nearly all” and “close to”, it can be used the 

Chebyshev's inequality that states that no more than 1/k2 of the values are more than k 

standard deviations away from the mean to understand the spread of gazes.  For 

example, for 2 standard deviations it is 1/4 = .25, then if more than 25% of the gazes are 

out of the range of 2 standard deviation then gazes have been spread over the 

workspace. 

 

Gaze targets spread in the workspace 1/(threshold E)2 of the gaze targets   threshold 

E of the standard deviation of gaze targets during implementation 
 

 

Reviewing phase  the end of the implementation phase the students gaze targets are 

spread in the workspace 
 

 

6.1.5 Proxemics 
 

Proxemic behavior is helpful to indicate partners’ inclusion or exclusion in task activities, 

the people ‘circle tendency’ (see section 4.2 – Paralinguistics) for interaction is here a 

key to understand when a person is included or excluded. If the members can see each 

other, they are open for interaction and/or to work together. By calculating the center of 

mass of the participants and their average distance from the center, it can be assumed 

when a member is not interacting with the others if his/her position is too distant to the 

average. 

 

A group member is not interacting his/her average distance of the center of the mass of 

the participants  threshold J 
 

 

The students’ proxemic behavior can be used to indicate the creation of subgroups 

and/or division of labor. In a group of five members, if two of them are apart from the 

others, it can be said that a subgroup was created; however, for a more accurate 

distinction, other cues are needed. The group located around the workspace, directing to 
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it their gazes during an implementing phase indicates that they are working together. 

Spread individual or subgroup positions during the implementation in different locations 

means division of labor.   

 

Group task work  implementation phase  the students are interacting  % time gazing 

to the workspace  
 

 

Division of labor implementation phase  a number of group members > a threshold K 

not interacting with the others 
 

 

6.1.6 Head Movements 
 
As mentioned in Chapter 4 (see section 4.4.6 − Head Movements), the automatic 

comprehension of head gestures becomes complex since they can carry out different 

functions and/or meanings that depend on the context in which they are produced.  In 

spite of this difficulty, the very common nodding to show agreement or comprehension, 

and the side-to-side movement to indicate disagreement or incomprehension are helpful 

for the group work analysis if accompanied with other NVC behaviors. Nodes and 

headshakes are distinguishable because they are symmetrical, cyclical and with a small 

angle that starts wide and then gradually narrows (Hadar et al., 1985). Other 

characteristic, although it may not occur, is the speaker making a pause and gazing to 

the listener. 

 

Listener’s feedback nods or shakes a small angle < threshold L a sequence of > 3 

nods or shakes  
 

 

The students’ involvement can be better understood if the feedback nods are 

aggregated to the analysis. 
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Student involvement in discussion periods %time gazing to the speaker or what he/she 

pointing  making feedback nods  
 

 

This NVC cue along with some body postures and facial expression characteristics 

(briefly discussed next) that are related exclusively to the discussion periods have to be 

observed when it takes place (see section 6.3 − Discussion Period in this chapter).   

 

6.1.7 Body Postures 
 

This type of NVC poses a more complex challenge than head movements to 

disambiguation. However, as discussed (see section 4.4.3 – Body Postures), body 

orientation between the speaker and his/her listener(s) could be used to infer agreement 

or disagreement during discussion periods. Because body movement needs to be 

sustained for a while to be considered a posture its duration in a discussion period will 

help to determine which group members agree or not with the other ones. The listener(s) 

disagreement can be measured by their trunk backward degrees from the speaker; more 

than 9.3° (see section 4.4.3 – Body Postures).  

 

Listeners’ disagreement with the speaker a backwards trunk angle from the speaker > 

threshold M  
 

 

In addition, body alignment with the speaker can be understood as agreement. This can 

be measured with the change in degrees of the horizontal plane from the shoulders in 

the original position of the listener related to the horizontal plane from the shoulders of 

the speaker’s position. This has some considerations related to the arrangement of the 

seated positions. In an assumed round table, the initial position is measured by the 

degrees from the body sagittal plane from one of the group members to each of the 

other members’ body sagittal plane; if the number of degrees increases then they are 

aligning their body postures. 
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Two group members are aligning their bodies the degrees from their body sagittal plane 

of the initial position  the degrees from their body sagittal plane of the actual position 
 

 

6.1.8 Facial expressions 
 

Probably the most important feature of facial expressions during task-oriented 

collaborative interaction is the peers’ feedback about comprehension; however, their 

digitizing is as complex as their interpretation. Despite their complexity, if they are 

transmitted to the avatar based on the Ekman’s (1984) FACS, they implicitly convey their 

interpretation (see 4.4.1− Facial Expressions). Table 6.1 summarizes the individual 

possibilities for the discussed cues. What can be retrieved from the environment, and 

what to infer from them.  

 

Table 6.1. What can be inferred from the nonverbal communication cues retrieved? 

NVC cue what to retrieve  what to infer from it 
Amount of talk     

   Individual    
      frequency of  words participation  

  posted messages participation 
  talking turns participation 

       duration of  talk participation 
  floor maintenance leadership 
   Group    

      frequency of  alternated talking turns a discussion period 
       duration of  alternated talking turns a discussion period 

  silence periods division of labor, implementation period, 
followed by intensive interaction getting 
complex ideas 

Manipulation of objects   

   Individual    
      frequency of  touched objects participation, interest and understanding of the 

task 
      duration of  objects touched participation, interest and understanding of the 

task 
   Group    

      frequency of  touched objects implementation period 
  alternated turns of 

manipulation 
implementation period 

       duration of  objects touched implementation period 
  alternated turns of 

manipulation 
implementation period 
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NVC cue what to retrieve  what to infer from it 
Gazes     

   Individual    
      frequency of  sent to peers involvement, getting feedback 

  sent to peers' work getting feedback, learning by imitation 
  received leadership 
   Group    

      frequency of  among peers planning period 
  among peers' work implementation period 
  sent to the environment reviewing period 

       duration of  among peers planning period 
  among peers' work implementation period 
  sent to the environment reviewing period 

Deictic gestures 
  

  

   Individual    
      frequency of  directed to the workspace topic of discussion, creating ground by 

reference 
   Group    

      frequency of  directed to the workspace planning or reviewing periods 

Proxemic     

   Group    
       duration of  around the same area collaboration, planning periods 

  in different working areas division of labor  
  some in front of the others hierarchical situation, giving and getting 

instructions, two subgroups 
  in a circle greetings or goodbyes, discussion or planning 

periods 

Head 
movements 

    

   Individual    
      frequency of  nods and shakes agreement or disagreement feedback 
       duration of  sequence of nods comprehension and or involvement 

backchannel 
   Group    

       duration of  sequence of nods and 
shakes 

discussion, planning or reviewing periods 

Body postures     

   Individual    
      frequency of  shifts of postures nervous or tension 
       duration of  same posture formality 

   Group    
       duration of  aligned postures agreement    

  parallel orientation neutral position 
  angled away orientation disagreement 
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6.2 Different Session Stages 
 
In the accomplishment of a task, the group will usually follow some stages. First, the 

group members have to salute; they will talk and gaze to each other before they actually 

start to take care of the task.  

 

If this is their first time in the environment or the first time that they will take care of this 

kind of task, the group members will need an introduction or exploratory stage to get 

familiar with the environment. In this stage, they can get the instructions on how to 

manage the environment, like the input devices, or how they are supposed to take care 

of the task. Here they will be talking a little less than in greetings; they probably will need 

to manipulate objects to recognize them or to see how they react to their manipulation; 

they will need to point as a reference of what they are ‘discovering’ in the environment; 

and gazes among them will be less than before since they will be also gazing to the 

environment. After these two stages, the group very probably will go for the plan-

implement-review phase, although they could skip the plan or review stages.   

 

In the planning stage, the group needs to get agreements, so they will need to gaze to 

each other to be convincing and to get feedback; they need to point to establish how 

they are going to accomplish the task; and the manipulation will be kept to a minimum 

until they start the implementation.  

 

Plan (P) → amount of talk (>in I or E)  

 gazes to workspace (< in I) and gazes to peers(>in I)  

 deictic gestures (> in I or E)    

 feedback facial expressions   

 agreement or disagreement body postures 

 
During collaborative implementation the talk will be less compared to the planning stage; 

while the objects manipulation is the objective of the stage, there will be eventual 

pointing in reference to what they are doing and gazes will be split between the 

environment and peers.   
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Implement (I) → amount of talk (>in P or E)  

 manipulation in the workspace (>in P or E)   

 gazes to the workspace (>in P or E) and gazes to peers  (<in P or E) 

 
While the task is reviewed, gazes will be most of the time directed toward the 

environment.  

 

Evaluate (E) → amount of talk (>in I and<in Pl)   

 deictic gestures (>in Pl)   

 spread gazes through the workspace  

 agreement or disagreement body postures (<in P)   

 feedback head movements (<in P) 

 
In Table 6.2, the amount of these important cues is compared among the stages, going 

from white, that means that the NVC cue is very scarce or does not appear at all, to the 

black color, which means that in that stage it is expected a great amount of that cue. 

There are two gray tones in the middle, the whitest one meaning low-medium amount of 

the NVC cue and the blackest medium-high.  

 

Table 6.2. Degree of NVC cues related to the session stages 

Stages Talk 
Manipulation 
of objects Pointing 

Gazes  
among peers 

Greetings         
Getting started         
Planning         
Implementation         
Review         

 
Degree of NVC cue amount  relation 
Not present or very  scarce   
Scarce   
Some   
A lot   
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In Table 6.2 a collaborative implementation is assumed. However, implementation can 

be carried out (see section Higher-level indicators in Chapter 4) by division of labor;  or 

in a hierarchical situation where some give orders and others just follow them; or through 

rushing toward the solution without previously establishing plans or evaluating from time 

to time what has been done, a brute force trial and error strategy. Different patterns of 

NVC cues could be again the means to understand the implementation stage. In this 

case,  

- the amount of talk,  

- gazes among the group members,  

- their proxemic behavior,  

or, when there is not navigation in the application, the areas where they are working, 

could be the means to differentiate the implementation characteristics. 

 

In Table 6.3 the amount of these cues is differentiated in the same way that in Table 6.2, 

except for the proxemic behavior, where the black color means that the students are 

working around the same area, the gray color that some members are standing in front 

of other members, and the white color is used when the group is split in different places 

within the environment.  

 

Table 6.3. NVC cues useful to distinguish Implementation stage types. 

Implementation type Talk Gazes 
Proxemic 
behavior 

Collaboration       
Division of labor       
Hierarchical     
     giving orders      
     receiving orders      
Brute force trial       

 
Proxemic behavior of the group members 
around the same place   
usually in front of each other   
separated in subgroups or by their own   
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6.3 Discussion Periods 
 
Other analysis that can be carried out based on NVC cues is while the discussions 

periods take place during the session. This time the target of the facilitator could shift 

from trying to avoid the group jump into the implementation without a proper discussion, 

to trying to avoid them to stick in argumentation.  

 

Before discussing this point, it is worth to mention again that the approach is without 

speech content analysis. Individuals and groups make decisions in many different ways 

(Miller, Shinn, & Bentley, 1994; Mosvick & Nelson, 1987).  

 

In order to figure out if the group is in an argumentation period where agreements 

cannot be reached, besides the extra time the group should be taking in the discussion 

period, it could be useful to observe disagreement NVC behaviors. The students that 

may not agree will be taking turns to express the disagreement; shakes must appear 

almost immediately before his talk turn starts or while other is speaking, as well as the 

angled away body posture. It could also be observed who agrees or disagrees with 

whom by these same NVC cues. In Table 6.4 NVC cues that the listener displays in a 

discussion period and that can be helpful to understand it are summarized. 

 

Table 6.4 Listener’s NVC cues in a discussion period 

Listener NVC cues in a discussion period 
Agreement Disagreement 
nods shakes 
body alignment body angled away 
Involvement Not interest 
gazing the speaker(s) gazes around 
periods of talk silence 
   when seated 
subtle leaned forward body back on the chair 
   when standing 
within the circle walking around 
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6.4 How can the Analysis of Collaboration be conducted?  
 
Accordingly, as the session goes on, three parallel threads of evaluation are suggested 

as seen in Figure 6.1. The first thread is to follow the flow between the plan-implement-

review phases. As was discussed (section 6.2 – Different Session Stages), different 

degrees of NVC cues appear for each stage, then some NVC behaviors could be the 

key to differentiate the stages since they are more likely to appear in some of them. 

These key behaviors to determine a shift in the flow to the next phase are (see first part 

of Figure 6.1): in the planning phase, the continued turns of talk accompanied by turns of 

pointing; in the implementation phase the continued manipulation of objects; and in the 

evaluation phase the group gazes spread along the environment. Although as 

mentioned, the other cues that complete the framework make their distinction accurate. 

  

As a second thread of analysis, the students’ participation rates have to be monitored, 

considering that they are linked to the individual and not to the group NVC behavior. In 

the planning and the reviewing phases, the manipulation of objects is not representative, 

and then the determination of participation should rely only in amount of talk. In the 

implementation phase, amount of talk and manipulation of objects can be acquired for 

the analysis (see the middle part of Figure 6.1). 

 

Thirdly, the discussion and silence periods also require a separate analysis because 

here agreement and disagreement NVC cues are more significant.  

 

The constant monitoring of the CVE will help to determine if the phases follow the 

expected sequence and their elapsed time, and whether any of them is omitted, such as 

in a brute force trial with only implementation. Some tasks could require a detailed plan 

or none at all, or a lot of implementation if the environment is a scenario for practice. The 

human teacher or tutor will have to determine the expected extent of the phases, and a 

number of post-task analyses could also help to establish the characteristics of the task. 

If a phase is taking longer than expected, the analysis of discussion periods could be the 

key to understand if the group is stuck. 

 



 

130

Figure 6.1. Three parallel threads of evaluation 
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6.5 Individual characteristics 
 
Finally, collected NVC cues in the collaborative session could be also useful to create a 

profile of a particular student, which can be used for subsequent sessions with different 

purposes, such as mixing quiet and leader type students or analyzing characteristics of a 

successful group.  

 

In Table 6.5 these individual characteristics assumed based on their NVC behavior in 

the collaborative session context are summarized. 

 

Table 6.5 Individual NVC cues in the collaborative session  

Individual NVC cues 
NVC cue characteristic that could imply 
Talk initiator extrovert, proposer, leadership 
 long utterances extrovert, proposer, leadership 
 short utterances introvert, supportive 
 talkative  extrovert, leadership 
 quiet introvert   
Manipulation high rate dynamic 
 low rate inactive 

Gazes 
to the group as a whole, including 
everyone proposer, leadership 

 mainly a receptor leadership 
 mainly a sender supportive, perceptor 
Deictic gestures high rate  proposer  

Proxemic mainly open to interaction 
social person, extrovert, 
leadership 

Body postures mainly relaxed social person 
 
And then again NVC has to be analyzed in context and whenever possible with all other 

means for interaction analysis available. Due to the extension of the approach not all the 

possibilities could be tested, in the next chapter some empirical studies conducted for 

representative NVC cues are presented. 
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7. Empirical Validation 
 
In order to corroborate the previous Chapter postulates, and before creating a computer 

application with facilitation abilities, preliminary studies were conducted. 

 

7.1 First Preliminary Study 
 
The first preliminary study was conducted in a real life situation with the purpose to 

corroborate:  

1) that the group members’ participation rates derived from amount of talk and 

manipulation of objects correspond to their contribution to the accomplishment 

of the task and;  

2) the extent to which NVC cues can be the means to differentiate the planning, 

implementation, evaluation phases.   

 
Two kinds of analyses were conducted: a summary analysis based on frequencies to get 

individual participation; and a structural analysis for group behavior (Gabner, Jansen, 

Harrer, Herrmann, & Hoppe, 2003). The hypotheses are: 

 

Hypotheses 

 
h1: The extent to which each member of a group contributes to accomplish a task can 

be established from patterns derived from certain NVC cues extracted from the 

members' behavior during the session. 

 

h2: The group process phases (planning, implementation, and evaluation) can be 

identified from patterns derived from certain NVC cues extracted from the group 

behavior during the session. 
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Method 

Subjects 
 
An invitation to participate in the experiment was placed at the research group from the 

“Decoroso Crespo Laboratory” at the Computer Science School of the Universidad 

Politécnica de Madrid. Twenty-four researchers, graduate students and undergraduate 

students accepted the invitation, 13 male and 11 female. 

Groups  
 

Following the discussion about how to prepare the learning session presented in 

Chapter 5 section 5.1 – Structuring the Collaborative Learning Session, groups were 

formed of triads as homogenous as possible, but with at least one female and one male 

in each one.  The formed groups were as follows:  

 

Group 
Participants Status Sex 

Under graduated Graduated Researcher Male Female 

1 - 3 - 2 1 

2 2 1 - 1 2 

3 - - 3 2 1 

4 - 1 2 1 2 

5 2 1 - 2 1 

6 - 3 - 2 1 

7 - 3 - 2 1 

8 - 3 - 2 1 
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Materials and Task 

 
The selected task consisted on placing a set of drawn furniture on an apartment sketch. 

The drawn furniture and the sketch can be found in the Appendix A. This task did not 

require any special participants’ knowledge or background.  

 

A video camera was placed in front of the group at each session. 

 

The three members of the group could see each other and the shared workspace with 

no need of head movements considering that the normal human visual field extends to 

approximately 90 degrees outwards and approximately 50 degrees above and below the 

horizontal meridian (see Figure 7.1). 

 

 
Figure 7.1 .One group working on the task 
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Procedure 
 

Participants were asked to put furniture as they thought it was appropriate with no 

special restriction (e.g. number of persons living in the apartment or rooms designated to 

be a bathroom or the kitchen). Time to accomplish the task was not restricted either and 

the result was not important although participants were not told. Participants were 

instructed not to ask for any kind of help. 

 
Participants filled out a post-session questionnaire in which they were asked to explain 

any problem found during the session; the questionnaire and the results are in the 

Appendix A (in Spanish).  

 

Collected Data about NVC 

 

From the observation of the task accomplishment the NVC selected to be extracted from 

the videos were:  

- amount of talk,  

- gazes,  

- deictic gestures and  

- amount of objects manipulation.   

 

The sound from the Group 8 session got lost, thus data was collected from only 7 

groups. 

 

As there was only one sound channel, each member’s vocalizations were timed by 

watching the videos. Due to the computers’ clock management, hundredths of seconds 

were not perfectly acquired, but as the same person took all the times, the distribution of 

errors was equivalent for all participants, and not significant given the total duration of 

the activity, a range from 8’50.84 to 22’26.83. The time of talk was taken considering 

pauses as silence.   
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Manipulations in the shared workspace were timed from the moment a person touched a 

piece of draw furniture until the moment that the person took the resting position he or 

she had before manipulation started.  

 

The number of times a member gazed to a group mate was also registered, acquiring 

also gaze duration.  The number of times each group member pointed was also counted. 

All pointing gestures were made with the hands. 
 

Evaluation of Subjects Participation 

 
Because methods to measure collaboration are usually applied to task outcomes 

(Ajiferuke, Burrell, & Tague, 1988; Egghe, 1991) and not while the task is being 

executed, and because human tutors base their judgments on the collaboration 

happening in a group of students working together on many complex and subtle factors 

(Soller et al., 2004), it was decided to use expert human tutors as the measure method 

for collaborative participation by using a post-session questionnaire that can be found in 

the Appendix A (in Spanish).  

 
One tutor evaluator was a professor with 5 years of experience and currently a doctoral 

candidate in social science, and the other one was a 13 years experienced professor 

with a master in education.  Both of them were asked to order the participants of each 

group regarding their contribution to the task, considering that the three members or two 

of them could be at the same level. An arbitrary value of 3 points was given to the first 

level, 2 to the second and only 1 point to the third level, if any. They were also asked to 

classify members as domineering or submissive; to domineering members an extra point 

was added and, on the contrary, from submissive members a point was taken. The last 

question they answered consisted on identifying members that needed to be 

encouraged to participate in a hypothetic future session; for those members an extra 

point was taken. 
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Session Phases Data 

 
In order to find out distinctive NVC characteristics of each group process phase, videos 

were segmented and classified. After a detailed observation of the videos, it was 

determined that a practical segmentation to use was of twenty seconds, since during this 

time period groups usually did not change the kind of activity they were working on, and 

even if they did in some intervals, the segmentation could be classified primarily as of 

planning, implementation or evaluation.  

 
The initial categories used were the three principal phases (planning, implementation 

and evaluation), but during the implementation phase two variants were found (division 

of labor or working together), and it was observed that sometimes evaluation required 

additional implementation. Finally, the employed categories were:  
1. Planning – during this phase the group decided how to accomplish the task, that 

is, when, how and by who things were going to be done.  

2. Implementation with joint work 

3. Implementation with division of labor  

4. Implementation due to evaluation 

5. Evaluation – during this phase members took a look at what they had done, 

discussed some doubts, made comments, and sometimes decided to make 

changes. When changes were made the segment was classified as 

Implementation due to evaluation. 

6. Other – for situations that could not be classified in the former categories. 

 
Two external observers, different that the experts, classified 356 segments of 20 

seconds. They had no need of using the ‘other’ category, and the agreement percentage 

was 90.73% with a 0.825 kappa coefficient. These two characteristics were taken as 

good indicators of a proper category system. Observers were asked to get agreement on 

classification differences afterwards. 
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Results 
 

h1 Results 
The two tutors’ evaluations scores for the participants have correlation at 70% Pearson 

(2-tailed) at the level 0.01, indicating that differences can be attributed to the ordinal 

measure type. A third expert, a 26 years experienced professor with a master in 

business management, did also the evaluation based on which disagreements between 

the first two evaluators got a final score, see Table 7.1. 

 

Table 7.1. Experts’ evaluation for task contribution 
Group-
Member 

Expert 1 
Score 

Expert 2 
Score 

Expert 3 
Score 

Final 
Score 

 1-1 1 0 0 0 
 1-2 3 2 2 2 
 1-3 2 4 3 3 
 2-1 2 1 0 1 
 2-2 1 0 1 1 
 2-3 3 4 2 3 
 3-1 2 3 2 2 
 3-2 0 1 0 0 
 3-3 3 1 3 3 
 4-1 2 3 2 2 
 4-2 3 2 3 3 
 4-3 1 0 1 1 
 5-1 1 2 1 1 
 5-2 2 2  - 2 
 5-3 4 4  - 4 
 6-1 2 2  - 2 
 6-2 4 4  - 4 
 6-3 0 0  - 0 
 7-1 1 2 3 2 
 7-2 2 2  - 2 
 7-3 3 3  - 3 

 

Raw data was manipulated to compute group talk, group activity and floor maintenance 

(when only one person is speaking). Because not all sessions lasted the same, the 

weighted average for each variable was calculated. That is, for example, in Group 1 the 

sum of the three group members time of talk is 13:50.56, member 1 time of talk is 

02:20.73, member 2 time of talk is 05:04.68, and member 3 time of talk 06:25.15. Then 

by dividing each member time of talk by the total amount of the group talk, the proportion 

for each member time of talk is for member 1 - 0.1694, for member 2 - 0.3668, and for 
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member 3 - 0.4637, this are the first three numbers in the third column of Table 7.2. Data 

was calculated for time: of talk (TT), of floor maintenance (FT), of manipulation in the 

shared workspace (MT), of gazing a peer (GT), of being the target of a gaze (GRT). And 

the numbers of: utterances (UN), floor maintenance (FN), interventions in the shared 

workspace (IN), gazes directed to a peer (DG), gazes received from a peer (RG), mutual 

gazes (MG), hand pointing gestures (PN). Results are shown in Table 7.2. 

 

Table 7.2. Weighted average participation rates 

Group-
Member 

Experts 
Score TT FT MT GT GRT UN FN IN DG RG MG PN 

1-1 0 0.1694 0.1602 0.1806 0.1463 0.6856 0.1909 0.1942 0.2199 0.1463 0.5488 0.3571 0.2639

1-2 2 0.3668 0.3368 0.3316 0.2927 0.0983 0.3506 0.3512 0.3121 0.2927 0.1341 0.1429 0.2361

1-3 3 0.4637 0.5030 0.4878 0.5610 0.2162 0.4585 0.4545 0.4681 0.5610 0.3171 0.5000 0.5000

2-1 1 0.3000 0.3169 0.3090 0.2308 0.3262 0.3406 0.3391 0.3585 0.2308 0.3462 0.2143 0.3659

2-2 1 0.2211 0.1796 0.3970 0.2692 0.3047 0.2707 0.2696 0.283 0.2692 0.3077 0.4286 0.1951

2-3 3 0.4789 0.5035 0.2940 0.5000 0.3691 0.3886 0.3913 0.3585 0.5000 0.3462 0.3571 0.4390

3-1 2 0.4235 0.4431 0.3653 0.4681 0.5073 0.3553 0.3553 0.4133 0.4681 0.4167 0.4167 0.3235

3-2 0 0.1654 0.1167 0.2744 0.1277 0.0657 0.2271 0.2271 0.3333 0.1277 0.1042 0.0833 0.1176

3-3 3 0.4110 0.4402 0.3603 0.4043 0.4270 0.4176 0.4176 0.2533 0.4043 0.4792 0.5000 0.5588

4-1 2 0.3552 0.4565 0.2301 0.5110 0.2526 0.3289 0.3294 0.3406 0.5110 0.2569 0.3936 0.5303

4-2 3 0.4445 0.3744 0.4663 0.1851 0.4568 0.3574 0.3563 0.3986 0.1851 0.5083 0.3404 0.2879

4-3 1 0.2003 0.1690 0.3036 0.3039 0.2906 0.3138 0.3143 0.2609 0.3039 0.2348 0.2660 0.1818

5-1 1 0.2726 0.2548 0.2751 0.5702 0.3620 0.3018 0.3002 0.3296 0.5702 0.2936 0.4355 0.3516

5-2 2 0.2994 0.2815 0.2208 0.3021 0.2188 0.3307 0.3307 0.2235 0.3021 0.2596 0.3387 0.3736

5-3 4 0.4280 0.4638 0.5041 0.1277 0.4192 0.3676 0.3692 0.4469 0.1277 0.4468 0.2258 0.2747

6-1 2 0.3780 0.3528 0.2847 0.4016 0.4342 0.3623 0.3623 0.3282 0.4016 0.3898 0.4079 0.3556

6-2 4 0.4981 0.4606 0.4058 0.1220 0.3798 0.3784 0.3784 0.3664 0.1220 0.3386 0.1053 0.3630

6-3 0 0.1238 0.1866 0.3095 0.4764 0.1861 0.2593 0.2593 0.3053 0.4764 0.2717 0.4868 0.2815

7-1 2 0.1842 0.2027 0.3535 0.3671 0.2076 0.2591 0.2591 0.2336 0.3671 0.1899 0.3214 0.2105

7-2 2 0.2363 0.2966 0.3347 0.2911 0.3908 0.3051 0.3051 0.3659 0.2911 0.3544 0.3214 0.3509

7-3 3 0.5796 0.5008 0.3118 0.3418 0.4016 0.4358 0.4358 0.3293 0.3418 0.4557 0.3571 0.4386
 

The model that better explains the variability found in tutors’ evaluation of each 

participant at 80.9% is a regression model with the independent variables: time of talk 

(TT) and time of manipulation in the shared workspace (MT). The validated values for 

the model analyses of variance (ANOVA) are presented in Table 7.2. They indicate a 

strong correlation between the model and the predicted values (.899) and that the 

variation is not due to chance (Sig < .000).  
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Table 7.3. ANOVA of the Regression Model for Subjects Participation Data  

ANOVA 
Sum of 

Squares df 
Mean 

Square F Sig. 
Regression 23.414 2 11.707 38.046 .000
Residual 5.539 18 .308   
Total 28.952 20    

R Model R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate 

.899 .809 .787 .555

 

Table 7.4. Regression Model of Subjects Participation 
 Coefficients(a) 
 

Model   

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta B Std. Error 
1 (Constant) -.711 .395  -1.798 .088

Time of talk 7.990 1.110 .855 7.201 .000
2 (Constant) -1.759 .519  -3.388 .003

Time of talk 6.742 1.069 .722 6.309 .000
Time of manipulation 4.392 1.633 .308 2.689 .015

a  Dependent Variable: Experts Score for participation 
 
 
Table 7.4 shows the coefficients values to create the predictive model. As shown in 

Table 7.5, there is a positive significant correlation between the tutors’ evaluation of a 

member, the participation score (PS), and the talking numbers of the member (TT, FT, 

FN). The tutors’ evaluation of a member also has a statistically significant positive 

correlation (.621) with the time a member spends working in the shared workspace (MT) 

and less significant correlations (at .05 level) with the number of times a member 

manipulates the shared workspace (IN) (.491) and the number of times that the member 

uses a pointing gesture (PN) (.505). 
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Table 7.5. Pearsons correlations 

   ES  TT  FT  UN  FN  MT  IN  GRT  GT  MG  PN 
ES    0.855  0.851  0.804 0.809 0.621 0.491 0.346 ‐0.014  ‐0.051  0.505
    0.000  0.000  0.000 0.000 0.003 0.024 0.125 0.951  0.827  0.020
TT  0.855    0.936  0.895 0.900 0.434 0.554 0.428 0.117  0.024  0.611
  0.000    0.000  0.000 0.000 0.049 0.009 0.053 0.612  0.918  0.003
FT  0.851  0.936    0.889 0.894 0.419 0.614 0.408 0.282  0.153  0.760
  0.000  0.000    0.000 0.000 0.059 0.003 0.066 0.215  0.509  0.000
UN  0.804  0.895  0.889    1.000 0.494 0.529 0.288 0.311  0.180  0.697
  0.000  0.000  0.000    0.000 0.023 0.014 0.206 0.169  0.434  0.000
FN  0.809  0.900  0.894  1.000   0.488 0.525 0.294 0.307  0.176  0.698
  0.000  0.000  0.000  0.000   0.025 0.015 0.196 0.176  0.445  0.000
MT  0.621  0.434  0.419  0.494 0.488   0.664 0.203 ‐0.123  ‐0.002  0.007
  0.003  0.049  0.059  0.023 0.025   0.001 0.378 0.595  0.993  0.976
IN  0.491  0.554  0.614  0.529 0.525 0.664   0.183 0.097  ‐0.053  0.231
  0.024  0.009  0.003  0.014 0.015 0.001   0.427 0.675  0.819  0.315
GRT  0.346  0.428  0.408  0.288 0.294 0.203 0.183   ‐0.124  0.382  0.386
  0.125  0.053  0.066  0.206 0.196 0.378 0.427   0.591  0.087  0.084
GT  ‐0.014  0.117  0.282  0.311 0.307 ‐0.123 0.097 ‐0.124   0.730  0.539
  0.951  0.612  0.215  0.169 0.176 0.595 0.675 0.591   0.000  0.012
MG  ‐0.051  0.024  0.153  0.180 0.176 ‐0.002 ‐0.053 0.382 0.730    0.499
  0.827  0.918  0.509  0.434 0.445 0.993 0.819 0.087 0.000    0.021
PN  0.505  0.611  0.760  0.697 0.698 0.007 0.231 0.386 0.539  0.499   
  0.020  0.003  0.000  0.000 0.000 0.976 0.315 0.084 0.012  0.021   

**  Correlation is significant at the 0.01 level (2‐tailed).           
*  Correlation is significant at the 0.05 level (2‐tailed).           

 

There are also significant positive correlations between a member’s talking features (TT, 

FT, FN) and the manipulation in the shared workspace (IN, MT) and the pointing 

gestures (PN). Gazes have a positive significant correlation only with pointing, probably 

to get feedback about the attention placed by the other members to what was being 

pointed. 

 

Pointing was mainly used when making a proposition or a contra-proposition to 

designate the room or the furniture they were referring to (68% of the times), and in 

some other occasions to designate the room or the furniture involved in a question or as 

a reference to answer a question (27% of the times), the rest of the time they were just 

making an statement about what they were pointing at, for example, – This is too small 

or – I like this type of sofa. 

 

Despite these are laboratory groups, all participants were most of the time looking at the 

shared workspace what seems to indicate that they were interested in the task 

accomplishment.  
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As anticipated, the participants gazed their partners mainly to get feedback, generally 

when they made a proposition that they thought could be rejected, when they were going 

to answer a question, or when they made a joke. 

 

Gazes and speech have a special characteristic: direction. Without knowing what the 

group members are saying it is difficult to establish exactly who they are talking to; it is 

not the same with gazes. By the observation of participants, it is possible to know whom 

they are gazing at. Figure 7.2 shows diagrams that indicate groups’ gazes. Arrows are 

directed from the person that gazed to the person to whom that gaze was directed, and 

the percentages of gazes are annotated aside. The number in the circle is the 

qualification number given according to the tutors’ evaluation as a contributor to task 

accomplishment; the numbers near the circles are the group and member identification 

numbers. The addition of gazes in both directions for each couple is the bigger number 

outside the two arrows with the % symbol. In the upright corner is the total number of 

gazes and the session duration.   

 

Observing Figure 7.2 it can be noticed that in 6 of the 7 cases the person with the 

highest score for participation participates in the bi-directional channel with more gazes, 

and that the person with the lowest score participates in the bi-channel with the lowest 

number of gazes. 
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Figure 7.2. Diagrams of group gazes 
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Given these observations, and in order to get a better comprehension of gazes, ordinal 

numbers were used to categorize participants as highest, medium or lowest regarding 

evaluation score, (this is, the member with better evaluation, the member with lowest 

evaluation and the member in the middle, if any. And regarding received and sent gazes 

the member that got/sent the highest number of gazes, the member who got/sent the 

lowest number of gazes and the member who is in the middle. With this data, Boxplots 

graphics were created for received (see Figure 7.3) and sent gazes (see Figure 7.4). 

Where it can be seen that the members that contributed the most to accomplish the task, 

according to evaluators, are also those who received more gazes, that the members with 

the lowest score for participation are those who received fewer gazes, and that also 

happens with members in the middle of both scales. Not so clear is the relation with the 

sent gazes, but it seems that the members with the lowest score regarding participation 

sent more gazes. 
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Figure 7.3.  Boxplots of received gazes 

 



 

146

Sent Gazes
"Highest""Medium""Lowest"

O
rd

er
 in

 P
ar

tic
ip

at
io

n 
Sc

or
e

3

2.5

2

1.5

1
6-3

 
Figure 7.4.  Boxplots of sent gazes 

 
Result shows that it is possible to determine the degree of participation of each member 

in a collaborative group working on a predetermined task through certain NVC cues. 

Therefore, H1 is accepted. 

 

h2 Results 
 

As this part of the analysis considers the group as a whole, it was the addition of the 

three group members’ variables what was used for the data analysis. 

 

Since there is a statistically significant high positive correlation between frequencies and 

duration of talk, gazes and manipulation in the shared workspace, it was decided for 

simplicity to get just frequencies for these variables for each 20 seconds segment. 

However, for manipulation in the shared workspace, duration was also acquired because 

sometimes one manipulation lasted more than one period.  

 

Video segments were classified as follows: 49 as planning, 230 as implementing with 

joint work (referred to as Implementation), 42 as implementing with division of labor, 23 

as implementing due to evaluation, and 12 as evaluation periods, Figure 7.5 shows 
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these frequencies. Since the goal of the proposed task did not require a lot of strategic 

planning, it seems reasonable that most of the time the participants were dedicated to 

task execution. 
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Figure 7.5.  Segments’ classification frequencies 

 
Cross-tabulation tables were used to analyze information. The performed Chi-square 

test is statistically significant, indicating that segment classification is related to the 

variables (utterances, pointing, gaze, and manipulation frequencies, and manipulation 

duration). As not all the variables have a normal distribution for all the segment 

categories the median was selected as central tendency measure. The results are 

shown in Table 7.6. 
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Table 7.6.  Variable medians by segment classification 

Segment 
Classification Utterances Pointing Gazes Number of 

Manipulation 
Duration of 

Manipulation  

1 - Planning 10 3 5 1 00:02.0 

2.- Implementation 9 1 1 3 00:19.0 

3.- Implementation 
with division of 

labor 
6 0 0 5 00:40.0 

4.- Implementation 
due to evaluation 8 2 2 2 00:07.0 

5.- Evaluation 7 1 4 0.5 00:01.0 

 
As expected, planning segments have the highest numbers of utterances, pointing and 

gaze exchange, but interventions in the shared workspace are scarce. 

 

During implementation, the number of utterances is still high; pointing and gazes slow 

down but here the work or manipulation in the shared workspace is representatively 

different from planning, the difference is especially evident in a growing time of 

manipulation.  

 

In division of labor there is the lowest number of utterances, no pointing and gazes, and 

the addition of the three members’ time of manipulation on the shared workspace goes 

above the time of the segment, indicating that for sure more than one person was 

manipulating the shared workspace at the same time.  

 

During implementation due to evaluation there is a high number of utterances, there is a 

good number of pointing and gazes, and the number and time of manipulation in the 

shared workspace goes up indicating implementation.  

 

In the evaluation periods gazes are representative with a very low number of 

manipulations and a median of only one second of manipulation in the shared 

workspace. 

 

These differences between categories are better highlighted if variables are banded as 

shown in Table 7.7; cut points are at the mean and one standard deviation. The planning 

category is the one with the highest number of utterances and gazes. When there is 
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division of labor, there are no gazes and manipulation is the highest, on the contrary, 

evaluation can be distinguished by very low manipulation. Implementation and 

implementation due to evaluation can be distinguished by the lowest number of pointing 

gestures while implementing. 

 

Table 7.7.  Banded variable medians by segment classification 

Segment 
Classification Utterances Pointing Gazes Number of 

Manipulation 
Duration of 

Manipulation  

1 - Planning 10-12 2-3 5-9 0-1 1-21 segs. 

2.- Implementation 7-9 1 1-4 2-3 1-21 segs. 

3.- Implementation 
with division of 

labor 
7-9 1 0 3-5 36 segs. > 

4.- Implementation 
due to evaluation 7-9 2-3 1-4 2-3 1-21 segs. 

5.- Evaluation 7-9 1 1-7 0-1 0-10 segs. 

 

The results show that it is possible to differentiate the group process phases of planning- 

implementing-evaluating while a task is being accomplished through certain NVC cues. 

Therefore, hypothesis 2 is accepted. 

 

Finally, distinguishing these phases will allow observing whether the group is having an 

appropriate distribution of them. For example, as it can be seen in Figure 7.6 though 

diagrams of the frequency of the phases for each group, Group 1 did not do evaluation 

(label 5) or that Group 2 spent most of the time working on their own (label 3- 

Implementation with division of labor) although, it was also the group that spent more 

time in planning (label 5). 
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Figure 7.6. Segments’ classification frequencies per Group.   
Labels in Segment Classification: 1-Planning / 2- Implementation / 3- Implementation with division of labor / 4- 

Implementation due to evaluation / 5- Evaluation 
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7.2 Second Preliminary Study 
 
The second preliminary study had the purpose to corroborate the usefulness of NVC 

cues to distinguish different working together organizations. As mentioned, the desired 

working together situation is collaboration, and some not wanted organizations are: 

division of labor, a hierarchical organization, or a brute force trial without establishing 

plans or evaluating what has been done.   

 

It is worth to mention that this second preliminary study does not follow a strict scientific 

methodology, whilst this is a detailed overview of NVC cues in an immersive CVE with 

very specific characteristics and a not commonly available situation as it is the subjects’ 

expertise on the use of the environment.  

 

Method 
 
Four sessions were carried out in two remotely connected CAVETM–like installations in 

two different locations, one in the Centre for Virtual Environments, University of Salford, 

and the other in the Department of Computer Science, University of Reading. A human-

like avatar of the remote user was displayed in the scenario, with each user provided 

with head and one hand tracked motions, and real eye movements tracked from the user 

as can be seen in Figure 7.7 (see Wolff et al., 2008 for the EyeCVE system 

characteristics). The eye tracking allowed the avatars to represent the user’s exact eye 

movements. Both avatars looked the same but the Salford’s user avatar had a black t-

shirt and the Reading’s user avatar had a blue t-shirt. Actions allowed were grabbing the 

furniture, rotation and relocation. 

 

The two participants were male expert CAVETM users that did not require any 

explanation about how to navigate in the scenario or how to manipulate the furniture.   
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Figure 7.7. CAVE-like installations in the Center of Virtual Environments,  

University of Salford 
 
The trials followed this order: first, the collaborative one, then the hierarchical, followed 

by division of labor, and at the end the brute force trial. The task was again to furnish a 

room but the conditions were changed to create the collaborative, hierarchical, division 

of labor and brute force trials situations by using different furniture and task requirements 

without explicitly saying to the participants what the real intention was, trying to avoid 

bias. The conditions and the furniture were set as follows: 

 
Collaborative trial 

a. Furniture. With the intention of encouraging consensus, some objects 

with different shapes with no evident use were available. For example, a 

box that could be used either to seat on it or as a table (see Figure 7.8a). 

b. Instructions.  Participants were told to arrange the furniture considering 

that they were going to share the room and that they could get rid of 

anything they did not want on it. They were also told to agree as much as 

possible in every decision they made. 
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Hierarchical trial 

c. Furniture was already set in the room, but they needed to make room to 

put a billiard table on it (see Figure 7.8b). 

d. Instructions. One of the participants was supposed to own the room, they 

decided which one, and the other one was a helper. The ‘owner of the 

room’ was not allowed to move big things, so he had to ask the helper to 

move the billiard table, among other furniture. The room’s owner was 

allowed to get rid of the furniture he did not want in the room. 

Division of labor trial 

e. Furniture had two colors. Part of the furniture was green (the usual 

elements in a living room), and the other was red (the usual elements in 

the dining room, see Figure 7.8c). 

f. Instructions. They were told they were allowed to move only furniture of 

one color and they could choose which color each one was going to 

arrange. 

Brute force trial 

g. Furniture. It was the same as in the collaborative trial. 

h. Instructions. The participants were told to set furniture as quickly as they 

could. 

 

Remarks 
 
The participants knew each other, thus they did not need to be introduced and since 

they are regular CAVETM users and partners, they skipped the social introductory phase. 

There was only a very short greeting when they started, the Reading participant, which 

will be called subject A from now on, waved to the Salford one, who will be called subject 

R from now on, and he waved back. 

 

The NVC displayed by participants presented restrictions compared with a real life 

situation, some of them related to interaction. The virtual room size was bigger than the 

CAVETM size, in such a way that the subjects needed to navigate sometimes through the 

joystick, when they wanted to reach the other side of the room, and not just by walking. 
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Although the communication was oral and they could have regular turns and make 

comments, they were listening to the other one always in their ear, thus they did not 

have the real life acoustic information necessary to distinguish where the other one was 

located if they were not seeing each other. In one occasion subject R was talking to 

subject A while he was on his back, and subject A had to ask −where are you?  

 

In order to avoid loosing the eye-tracker calibration, the participants were not free to 

make head nods or shakes. Since avatars had only one hand tracked and its shape 

could not be changed, the pointing gestures were made by extending the whole arm, 

(see Figure 7.9). When they referred to an extended area they moved the arm from one 

side to the other, and some times the pointing was made with an object attached to the 

hand. Although they could see each other head, and point of view, they always used the 

arm-hand pointing or a verbal reference.  

 

Analysis of the Stages during the task 
 
The analysis was made with the help of a tool to replay the sessions that allows 

observing both connected CAVETMs as one single scenario, and from different points of 

view (see Murgia et al., 2008 for further details of the tool). The eye trackers and the tool 

helped for a special detailed observation of the users’ direction of gazes. The first three 

sessions followed the same stages: first, they observed what they had at hand, then they 

planed the furniture arrangement, and then they implemented while making small 

reviews and changing some plans, then by the end they did a review that sometimes 

conducted to small changes. Thus, main differences observed were in the 

implementation stage. The brute force trial started with the implementation and ended 

with a very quick review, more like a session closure.  

 

First stage 

 
The participants started the first three trials by observing what they had at hand in the 

scenario. In the collaborative trial, by touching and moving some of the furniture to get 

used to their shape, that they usually put it back where it was originally located (Figure 

7.8a). In the hierarchical trial, they first observed the billiard table and then they put it 
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inside before deciding what to do (Figure 7.8b). In the division of labor trial, they only 

observed the furniture while they made comments and jokes about what each one had 

got (Figure 7.8c). In the brute force trial, they skipped this first step since they already 

were familiar with the available furniture. 

 

 

Collaborative 
Figure 7.8a. Observing what is at hand before starting planning 

 

Hierarchical 
Figure 7.8b. Observing what is at hand before starting planning 
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Division of labor 
Figure 7.8c. Observing what is at hand before starting planning 

 

Second stage   

 
The next step was the planning phase. The NVC behavior was pretty much the same in 

the three first trials –collaborative, hierarchical and division of labor. They stayed one in 

front of the other while they discussed how to set furniture; at the same time they were 

pointing toward the furniture or the area they were referring to, see Figure 7.9. Although 

they barely moved around the scenario, their gazes went all around it. In the left part of 

Figure 7.10, the trace of their heads’ position is displayed by small tetrahedrons, red for 

subject A and green for subject R, and in the right side of Figure 7.10 the gaze target 

points are the small spheres, green for subject A and red for subject R. This phase can 

be distinguished then by talking turns, their position in the scenario −one in front of the 

other, the interchange of deictic gestures, and the dispersed gazes.  
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Collaborative 

Hierarchic 

Division of labor 
Figure 7.9.  Making plans to set furniture.  
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Head trace Gazes target point 

Collaborative 

Hierarchic 

Division of labor 
Figure 7.10. The moving around area compared to dispersed gazes 

 

Third stage 

 
After they made some planning, they started implementation. The implementation was 

considered to initiate from the moment they started to move furniture in order to set the 

scenario. In this stage important differences among NVC behaviors can be observed.  

 

NVC cues differences in the Third Stage 
 
Talk. Unfortunately, the audio was recorded only in the Salford’s location, which caused 

that when both subjects speak at the same time, it can be heard only the one in Salford’s 

voice. Although with the help of an audio editor to show audio over time, it can be 

observed in Figure 7.11, the longer silent periods in the division of labor trial. 
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Brute force 

Collaboration 

Division of labor 

Hierarchic 
Figure 7.11.  The audio track of the implementation stage for the four trials 

 

Manipulation of objects. Other difference that can help to differentiate the trials is the 

time of furniture manipulation. In Table 7.8 can be seen that in the brute force and the 

division of labor trials, they spent most of the time moving furniture, 98% and 78% 

respectively while in collaboration was 58% and in the hierarchical trial, it was bit less 

than half of the time, 48%. The number of times each subject manipulated an object are 

in the third and fourth column of that same Table 7.8, with more or less the same 

amount in collaboration (27 and 30)  and the biggest difference was in the hierarchical 

trial (14 and 34).  

 

Table 7.8. Weighted average of the time of object manipulation while implementation 

Trial Manipulation time Number of times 
Subject A 

Number of times 
Subject B 

Collaboration 58% 27 30 
Brute Force 98% 10 18 
Division of Labor 78% 8 12 
Hierarchical 41% 14 34 

 
Gazes. The participants were aware that the avatars were representing the real user’s 

eye movements, although unexpectedly they never got eye contact or even mutual gaze 
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during sessions. Gazes went either to the scenario or to the other participant. The first 

notorious difference is the time that in the stage they were looking at each other, for 

collaboration 22%, for hierarchic 20%, and for brute force 17%, and for division of labor it 

was only the 6% of the gazing to each other time (see Table 7.9). 

 

Table 7.9. Times of gazes to each other 

Time that the  Collaboration Hierarchical Divison Brute Force
Implementation stage lasted 02:11.030 01:59.538 00:47.042 00:55.829
      
A gazed at R's doing 00:07.488 00:08.489 00:00.344 00:02.433
 body 00:04.724 00:05.469 00:00.329 00:00.253
 head 00:00.138 00:00.903 00:00.033 00:00.015
 hand 00:00.047 00:00.259 00:00.059 00:00.000
  A's total 00:12.397 00:15.120 00:00.765 00:02.701
R gazed at A's doing 00:08.477 00:02.168 00:01.321 00:04.651
 body 00:08.077 00:04.411 00:00.741 00:01.657
 head 00:00.098 00:00.486 00:00.000 00:00.203
 hand 00:00.320 00:00.933 00:00.191 00:00.167
 R's total 00:16.972 00:07.998 00:02.253 00:06.678
A and R gazed each other 00:29.369 00:23.118 00:03.018 00:09.379
      

that they gaze to each other 22% 19% 6% 17%
 
What they looked at each other can be differentiated as to the object the other was 

moving or to what the other was doing, the body of the other one, the moving hand or 

the head, in Table 7.9 are these numbers. In the collaborative trial, up right side of 

Figure 7.12, it can be seen the proportion of gazes between participants, subject R red 

colored, made the 58% of them and subject A in green color, made the 42%. In the 

hierarchical trial (right up side of Figure 7.12), subject A did the 65% of the looking at the 

other one, while he was giving orders, and subject R did only the 35% of them.  Subject 

A increased head gazes with respect to the collaborative trial to a 4% and subject R did 

the same to the other’s hand to a 4%. In division of labor, subject R did most of the 

gazes 75% (lower down side of Figure 7.12) and almost half of them to what subject A 

was doing, while subject A did only the 25% of the gazing to the other one. In the brute 

force trial, again as in division of labor (see lower left side of Figure 7.12), the subject R 

did most of the gazes with a 71%, and subject A did only the 29%.   
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While some of the gazes time directed to each other can be explained based in the 

work-together context, others might have a different explanation. In collaboration they 

look at each other more or less the same quantity of the time, which is consistent with a 

sharing opinion situation. Part of the time to the other one and part to what the other was 

doing. The hierarchical situation is also consistent with the needed feedback of being 

understood that the one who is giving instructions requires. In division of labor the 

amount of gazes is quite small compared to the other trials due to the fact that they were 

most of the time implementing on their own, but that does not explain why subject R 

gazed that much to subject A with not the same replay of subject A gazing at him, same 

as in the brute force trial, although it was a good proportion of the time to what the other 

was doing and not actually to the other one. This could be explained as the subject R 

requiring more feedback of what his partner was doing than did subject A.   

 

 
Figure 7.12. Gazes to each other participants while implementing 
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Fourth stage 
 
Once they were finished moving the furniture, they reviewed what they did and they 

made small changes. In this stage the participants stood where they could get the best 

view of the area they were reviewing, despite where the other one was standing. Gazes 

went around with some pointing. Small changes to the furniture set were done in the 

hierarchical and the collaborative trial. Left side of Figure 7.13 shows how the scenario 

looked once they ended the implementation, and the right side of Figure 7.13 is how the 

scenario looked when they finished the review after some small changes were made. 

 

Collaborative 

Hierarchical 
Figure 7.13. Small changes after review 

 

Summarizing, of the four situations (collaborative, hierarchical, division of labor and 

brute force trial), the first three situations followed four stages: the participants observing 

the scenario in order to see what they had at hand to work with; planning the furniture 

setting; making the implementation; and reviewing. The brute force trial had only the 

implementation stage. The main differences in NVC cues among the stages are 

presented in Table 7.10.  

 
When they were exploring the scenario, planning or reviewing, the same NVC behaviors 

can be observed in the collaborative, hierarchical and division of labor sessions, while in 

the brute force trial they are not observed.  
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During the implementation stage in collaboration they chat, move around the same area, 

usually only one of the two of them is moving objects, there are some sporadic deictic 

gestures and gazes go from each other to the scenario.   

 

In the hierarchical stage, the talk is made mainly by the one who gives orders and the 

gazes, while the implementation is made by the one who follow orders. In the division of 

labor, they gazed mainly to what they were doing, when they talked most of the time 

they used statements instead of trying to get an answer like in conversation, and 

implementation is made at the same time for both of them. Finally, in the brute force trial 

the main difference to implementation with division of labor is the amount of gazes that 

they direct to each other. In these review trials, the NVC cues were helpful to different 

working-together situations.  

 

Table 7.10. Different Nonverbal Communication behaviors among the stages  

NVC cues Talk Proxemics Manipulation 
of objects 

Deictic 
gestures 

Gazes 
Stages 

Exploring  the 
scenario Turns 

Allowing to see 
each other Touching Some pointing 

Around the 
scenario and 

the objects

Planning 
Turns 

Allowing to see 
each other, 

around a small 
area Not 

Interchange of 
pointing 

Around the 
scenario, ant 
to each other

Review Turns 
To get the best 

point of view Scarce Great amount  
Around the 

objects

Collaboration 

Implementation 
Turns  

Around the 
same area 

Most of the time 
from only one 

person Some pointing 

Mainly to the 
objects and to 

each other
Hierarchical 

Implementation 
Turns – main 
talk from the 

one  who was 
giving orders 

Allowing to see 
each other 

Mainly from those 
that followed the 

orders 

Mainly from 
the one  that 

gave the orders 

Mainly from 
the one that 

gives orders to 
the one  that 

followed them
Division of labor 

Implementation 
Scarce 

Each one on 
their own 

working area 
At the same time 
in different areas Scarce 

To the 
working area

Brute force 

Implementation 
Scarce 

Mostly each one 
on their own 
working area 

At the same time 
in different areas Scarce 

Around the 
area and to 
each other

 



 

164

 

7.3 Third Preliminary Study 
 

The third preliminary study was intended for understanding the users’ avatars head 

movements in a VE. For that, from an experiment conducted originally to analyze during 

interaction the eye gazes directly tracked (see Steptoe et al., 2008 for details), the log 

files, and tapes were adapted.  

 

Steptoe et al. (2008) carried out their study by connecting three CAVETM systems to 

create an informal scenario in which two confederates interviewed a third person. The 

questions, next listed and designed to be engaging, are related to the participants’ 

academic background: 

1. Tell me briefly about your academic background. 

2. Do you consider yourself successful? Why? 

3. Are you a team player? Give me an example. 

4. What is your philosophy towards work? 

5. What irritates you about co-workers? 

6. What is your greatest strength? 

7. What kind of person would you refuse to work with? 

8. What would your supervisor say your strongest point is? 

9. Describe your work ethic.  

 

Steptoe et al. (2008) recruited five male students at the University College of London to 

be interviewed.  The environment was made very simple on purpose so that the subjects 

were not attracted by anything except the interviewers. It was a white meeting room 

containing only a round-table, see Figure 7.14.  In each CAVETM the user was seated on 

a chair placed in the center, wearing right hand, head, and eye trackers (see  Wolff et 

al., 2008 for details) to transmit their movements to his avatar. Oral communication was 

held and taped along with the session from a camera placed in the participants’ 3D 

glasses. 
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Figure 7.14.  A confederate in the CAVE 

 

The interviewers alternated turns to make the questions. As avatars did not have lip 

movement and the interviewee listened both by earphones, they decided to use the 

tracked hand to show to the interviewed person, which one of them was going to ask the 

next question. 

 

From their analysis of gazes, Steptoe et al. (2008) concluded that the EyeCVE (Wolff et 

al., 2008) allowed participants to use gaze for bidirectional feedback and signaling, 

similarly as face-to-face interaction. While being asked a question, participants gazed at 

the questioner in 66.7% of cases, a frequency comparable to Argyle’s time-range of 70-

75% that listeners gaze at speakers during dyadic face-to-face conversations (Argyle & 

Cook, 1976).  
 

As mentioned (see 4.4.6 Head Movements - Nods and Headshakes) head movements 

are a communication back channel mode during listening turns (1985). During the 

experiment, except from the signal with the hand/arm to indicate the interviewer turn to 

ask, all users were free to act as normally as they usually do, in such a way that, except 

from possible equipment obstacles, the normal listener feedback head movements were 

expected to occur as in real life. The derived hypothesis explored was: 
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Hypothesis 

 
h3: The listeners’ head movements in a VE are useful to determine if he/she is paying 

attention to the speaker. 

 

Method 
 

The log files from the Steptoe et al. (2008) experiment were manipulated to remove the 

interviewee’s avatar from the scenario. In the two avatars from the interviewers left in the 

scenario, the eye movements were substituted by avatars’ with fixed eyes, and the 

tracked hand movements were substituted by a static hand.  Thus, the only movements 

in the interviewers’ avatars were head movements and the trunk turn of the body; when 

the head was turned more than 30 degrees in the horizontal axis, the body followed it in 

the turn.  

 

The tape was also manipulated by leaving only the audio. From the audio, the questions 

made by the interviewers were removed, and their voices during the interviewee’s 

answers were modulated to sound grave so that one interviewer could not be 

distinguished from the other.  

 

Procedure 

 
With the help of the Murgia’s et al. tool (see Murgia et al., 2008 for further details), the 

session was reproduced along with the manipulated audio, see Figure 7.15. The 

interviewee’s answers from the session were played in a random order, as follows: 

Trial Order of the Questions 
1 4 7 5 8 2 1 9 6 3
2 4 7 5 8 2 3 9 1 6
3 4 7 5 2 8 3 9 1 6
4 4 7 2 8 3 5 9 1 6
5 4 7 8 2 3 1 9 5 6

 

Three observers saw the two interviewers’ avatars while the audio with the interviewee’s 

answer was played. The observers were asked to say which one of the two interviewers 
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they thought was the one who made the question, the only clue they had was the head 

movements from their avatars.   

 

The first three sessions were played with the sound of the interviewee, but in the last 

two, the observers had to answer with no sound. The order of the sessions were, for the 

observer 1, the session 1 first, then 2, and 3 with sound, and sessions 4, and 5 with no 

sound; observer 2 saw first sessions 3, 4, and 5 with sound, and then 1, and 2 with no 

sound; and, observer 3 saw first session 5, then 1, and 2 with sound, and session 3, and 

4 with no sound. In the third row of Table 7.11, the sessions played with sound have an 

‘s’ and ‘ns’ those with no sound. 

 

 
Figure 7.15. The reproduced session of the two interviewers with only head movements 
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Results and Discussion 
 

The three observers’ answers can be seen in Table 7.11, where de interviewers were 

distinguished as S, for Salford, with the black t-shirt, and R, for Reading, with the blue t-

shirt.  The first column of each session (S1, S2,…S5), has the letter of the interviewer (I) 

who actually did the question (Q) with the number of it (1,…9), the next column has the 

time in seconds (ss) that took the interviewee to answer, and the three next columns 

contain the observers’ answers. 

 

Table 7.11.  The answers of the observers 

S 1     Observer  S 2     Observer S 3   Observer S 4   Observer  S 5     Observer

        
1  2  3          

1  2 3      1 2 3         1 2 3          1  2  3

Q  I  ss  s  ns  s  Q  I  ss  s  ns s  Q I  ss  s  s  ns Q I  ss  ns s  ns Q  I  ss  ns  s  s 

1  S  56  S  S  S  1  S  27  S  S  S 1 S 13 S  S  S  1 S 13 S  S  S  1  S  32  S  S  S

2  R  18  R  R  R  2  R  29  R  R  R 2 R 17 R R R  2 R 11 R  S  R  2  R  22  R  R  R

3  S  35  S  S  S  3  S  42  S  S  S 3 S 20 S  S  S  3 S 16 S  S  S  3  S  19  R  S  S

4  R  29  S  R  R   4  R  46  S  R  R 4 R 15 S  S  S  4 R 35 S  R S  4  R  43  S  R  S

5  S  19  S  S  S  5  S  40  S  S  S 5 S 30 R S  S  5 S 18 S  S  S  5  S  28  S  S  S

6  R  50  R  R  R  6  R  34  R  R  R 6 R 10 R R R  6 R 26 R  R S  6  R  26  R  R  R

7  S  51  S  S  S  7  S  44  S  S  S 7 S 22 S  R S  7 S 5 S  R R  7  S  27  S  S  S

8  R  31  R  R  R  8  R  31  R  R  R 8 R 17 R R R  8 R 12 R  R S  8  R  20  R  R  R

9  S  45  R  S  S  9  S  83  S  S  S 9 S 38 S  S  S  9 S 47 R  S  S  9  S  33  S  S  S

 

The three observers’ answers, in regard to who they thought the interviewer was, were 

correct 90% of the time. Based on this result, it can be deduced that listeners’ head 

movements are helpful for the speaker to determine the listeners’ attention, which 

corroborates h3. Furthermore, it can be said that the head movements’ behavior is 

similar in real life to those in a VE when they are tracked directly from the users.  
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The observers answered a three-questions, next listed, post-questionnaire: 

1. What did you observed as basis for your answer? 

2. Did you think the sound was helpful to decide who the one that made the 

question was? 

3. Any other comment you want to add in regard of the interviewers. 

Their answers were as follow: 

Observer 1 

R1 – In the face 

R2 – At first, but after some observed answers I could say without sound. 

R3 – I think that the person from the left (the one from Salford) is a more distracted 

one than the person from the right (the one form Reading), and that he (the one from 

Salford) only paid attention when he asked and only in the questions more related to 

personal subjects.   

 

Observer 2 

R1 - In how they moved 

R2 – Yes, especially at the beginning 

R3 – The one from the left (Salford) was a more dynamic person, the one from the 

right (Reading) stayed quiet. 

 

Observer 3 

R1 – In that they were paying attention  

R2 – Yes, it can be 

R3 – They looked the same. The one on the left (Salford) had cross-eyes. The one 

form the right (the one from Salford) was more attentive to the questions than the 

other one (the one form Reading). 

 

From the three observers’ answers, it can be noticed that none of them mentioned the 

head movements, although they had an idea of what they observed. At first the sound 

was important but by the third interview they were able to differentiate the questioner 

even without sound. Finally, something that comes to our attention is that the subjects 

were able to make a ‘character judgment’ of the person behind the avatar only by his 

head movements. 

 



 

170

Because of the high percentage of right answers, it was decided to give a closer look to 

the wrong answers. The gray cells marked in Table 7.11, indicate where at least two of 

the observers answered wrong, there were only four of them. In the fourth question of 

session 3, the three observers thought the interviewer was the other to who it actually 

was, in this same fourth question two of the observers answered wrong for session 4 

and 5, and in session 4 the seventh question was also not correctly answered by two of 

the observers. The only 5 seconds that took the interviewee to answer the seventh 

question in session 4, the shortest time of all the answers followed by the double in time 

of 10 seconds could be a cause for the misinterpretation of the observers. Question 

fourth was hard to understand or to answer, the interviewer had to make some clarifying 

statements sometimes, but specifically in the session 3, the interviewee answered it 

without hesitation. Therefore, nothing that corroborates for sure why the observers were 

wrong in these answers could be found. 

 

Finally, even when it can be conclude that the head movements from the listener will 

help to the speaker to get a proper feedback, there is still a lot of work to do in order to 

automatically, differentiate the subtle observer variations to accomplish it.  Next, some 

observations in that regard based on the log files are commented. 

 

Head Movements in the Log Files 
 

In order to understand head movements based on measures, the Hadar, Steiner and 

Rose (1985) study can be useful. As mentioned in Chapter 4 (section Head and 

Shakes), they monitored peoples’ head movements by a polarized light goniometer while 

they were interviewed about their jobs. On their study, Hadar et al. (1985) found that the 

kinematic properties of the listeners’ head movements, such as amplitude, frequency 

and cyclicity, differentiate their conversational functions as follows:  

− symmetrical, cyclic movements are usually employed to signal yes, no or 

equivalents;  

− linear, wide movements anticipate claims for the speaking turn;  

− narrow linear movements occurred in phases with stressed syllables in 

the other’s speech, they are movements for synchrony; and  

− wide, linear movements occurred during pauses in the other's speech. 
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Hadar et al. (1985) defined a cycle as movement with three successive extremes (e1, 

e2, e3), a bout movement, that is considered linear if the distance between e1 and e2 is 

bigger than the distance between e2 and e3, and otherwise cyclical.  If the movement 

has greater amplitude in the vertical plane (a rotation in the ‘x’ axis in our log files) is 

considered a nod, and if it has greater amplitude in the horizontal plane (a rotation in the 

‘y’ axis in our log files) is considered a shake. In their study the ‘yes’ and ‘no’ nods and 

shakes were cyclic; of around 3 cycles. Nods with a mean of 2.9, and amplitude of 13.3 

degrees, and shakes had a mean of 3.2 with 11.7 degrees. Both started wide and then 

gradually narrowed amplitudes.  It is worth to mention that they also found that, although 

the rate of responses per unite time and the distribution of movements between the 

conversational functions varied considerably among the interviewed subjects, the 

interaction with conversational functions was very uniform.  

 

How does the log files from headshakes and nods look like? Some examples considered 

representative are commented. 

 
Most of the time the interviewers’ head nods had only one cycle movement, probably 

because of the equipment in their heads. Graphic in Figure 7.16 was made using the log 

files of the head movements of the Reading interviewer, while he was clearly making a 

series of head nods observed in the tapes, they occur when he was listening to the 

answer of the fifth question in session 4. The ‘x rotation’ has visibly, greater amplitude 

than the ‘y rotation’. Marked with a black rectangle, four cyclic movements can be 

distinguished, the first one with the higher amplitude that gradually goes smaller and 

then grows again in the fourth cycle. 

 

  
Figure 7.16. Graphic from the head nods in the log files 
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The next graphic in Figure 7.17, is from the same interviewer but while he was not the 

one who make the question and he kept a very static attitude, it is in the second question 

of session 1. The ‘y rotation’ and the ‘x rotation’ are almost linear and with very small 

amplitude. 

 

 
Figure 7.17. Graphic from the head movements of the interviewer who not did the 

question 

 

From the same interviewer, the one from Reading, the next graphic in Figure 7.18 is 

from the fourth question in session 4. This question was sometimes difficult to be 

answered by the interviewee, and then the interviewer from Salford made some 

clarifying comments. When that happened the ‘spectator’, the interviewer form Reading, 

turned his head from one speaker to the other.  These movements are very clear in the 

‘y rotation’ log files, the red line in the graphic from the Figure 7.18.  

 

 
Figure 7.18. Graphic from the head movements of the interviewer who not did the 

question 

 

None of the interviewers was found to make a clear headshake when observing the 

tapes. The next graphic in Figure 7.19 is from the headshakes of one interviewee when 
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he was saying “nothing… no, they are nice people…”, during his answer to the fifth 

question in session 4.  The shakes started with smaller amplitude than they ended, three 

clear cyclic movements with more amplitude in the ‘y rotation’ than in the ‘x rotation’ are 

marked with a black box in the graphic from Figure 7.19. 

 

 
Figure 7.19. Graphic from the headshakes of an interviewee 

 

Finally, one more graphic is included; it is from headshakes of the same interviewee in 

the session 4, this time when he was answering to question number 3. Here, the 

headshakes are not that clear in the log files, see the graphic in Figure 7.20, that is 

because the speaker inclined his head in the ‘x axis’ before shaking his head. In such a 

way that the headshakes look like head nods, see the black box in the Figure 7.20.   

 

 
Figure 7.20. Graphic from the headshakes of an interviewed 

 

Summarizing, the log files can be helpful to distinguish some head nods and shakes. It is 

worth to mention that, in 3D VE log files the ‘z axis’ rotation is normally included, this 

information can be considered helpful to get more accurate results. 
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H1  
 

According to the results of the exploratory studies, the Hypothesis 1 of this thesis is 

accepted (see Section 1.1 Motivation - Hypotheses). The observation of NVC within a 

CVE can be the means to determine, in an automatic way, the collaborative interaction 

that takes place in a 3D CVE.  

 

In the next chapter it will be discussed an example of the implementation of an intelligent 

tutor based in the automatic analysis of NVC with the purpose to validate the second 

hypothesis of the thesis (H2).   
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8. An Application with the Autonomous Virtual Facilitator  
 
A computer desktop application, an easy and affordable way to implement VR 

technology (Winn, 2002), with the prototype of the facilitator based on NVC cues was 

developed. The structural computer design is first discussed, and then the facilitation 

process design. 

 

Platform 
 
The facilitation prototype was designed following MAEVIF (Modelo para la Aplicación de 

Entornos Virtuales Inteligentes a la Formación), a platform for the development of 

Intelligent multi-user Virtual Environments for Education and Training. MAEVIF is 

equipped with an architecture resulting from the combination of an intelligent tutoring 

system (ITS) and a distributed VE; it was developed based on the agent paradigm (de 

Antonio, Ramírez, & Méndez, 2005). Agents can co-exist, be added dynamically to 

provide new functionalities, or be replaced by other agent that provides the same 

service. Compared to objects, agents are less dependent on other components and 

easier to reuse (de Antonio et al., 2005) . 

 

Within MAEVIF, GIS its graphics and interaction subsystem, enables the student-

environment interaction (see Jerónimo, de Antonio, Méndez, & Ramírez, 2008 for further 

details). Due to the number of input-output available devices to interact with a VE, such 

as the regular keyboard and mouse, joysticks, data-gloves or head-mounted displays, 

the GIS makes an abstraction from the concrete device data to meaningful events for the 

system. In addition, the students’ actions need a transformation of what is important for 

the tutoring process. For example, for the particular goal of facilitating the session based 

on NVC cues, if a student manipulates an object related to the task, what is important to 

know is for how long he does it and/or if other students are doing the same at the same 

time, and not which kind of object it is or how it is related to the accomplishment of the 

task. The GIS platform was adapted for the required students’ actions within the 

facilitation prototype. The application employs the keyboard and the mouse as input 

devices and oral communication. In Figure 8.1 the structural design of the NVC 

facilitation within MAEVIF is illustrated. 
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Figure 8.1. NVC facilitator in MAEVIF 

 

The application specifications 
 

Based on the first exploratory study (see Chapter 7 section 7.1 First Preliminary Study) 

and with the analogy of the three students seated around a table, the application allows 

three geographically distant people to work in a collaborative task, the three users’ 

avatars are placed around the workspace, see center top of Figure 8.2. The task in the 

example is again furnishing a room sketch, where the participants can select from a set 

of furniture those they want to locate in the sketch. 
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Figure 8.2 Application with the Autonomous Virtual Facilitator 

 
The NVC cues available in the environment are narrowed to those that are wanted 

specifically to be observed, and the students’ actions available are those that are wanted 

to be measured, avoiding other actions like navigation. These NVC cues are: amount of 

talk, amount of manipulation, gazes to the workspace and to peers, and pointing. The 

avatars thus do not have a ‘natural behavior’; they are just seated representations of the 

user that need a metaphorical representation of their actions in the environment. The 

significant entities associated to the avatars actions are:  

- colored arrows coupled to their hair color (yellow, red, or brown) that take the 

place of their hands, and can be used to point the objects and/or grab them to move 

them;  

- the avatars’ head is another entity that can take four positions to change the 

user field of view. To the front where the other two peers can be seen, to the right or left 

to see directly one of the peers, or down to see the workspace; and, 

- when the user is speaking a dialogue globe appears above its head.  
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Facilitation design 
 
Two significant effective learning indicatives are monitored by the autonomous facilitator 

in the environment, participation and the plan-implement-evaluate stages. These two 

processes were integrated in the application, as shown in the bottom center of Figure 

8.2. 

 

Monitoring Participation 

 
For the process aimed to encourage a symmetric participation, the application collects 

data during a predefined period of time, to calculate for each student his/her weighted 

averages within the group, of amount of talk and manipulation of objects. Amount of talk 

and time of objects manipulation are considered during the implementation phase, while 

only amount of talk is applied in the other phases. This information is the input data for 

the linear regression model obtained in the first exploratory study (Chapter 7, section 7.1 

First Exploratory Study - Results). The values provided by the linear regression model 

range from 0 to 4 and are interpreted as follows:  

- from 3.01 to 4 - a very participative student. A value in this range triggers a 

denominated IMP1 feedback text message to the student, warning him/her about his/her 

over participation; 

- from 2.01 to 1 - a participative student;   

- from 1.01 to 2 - a student with low participation;  

- from 0.00 to 1 - a student that needs to be encouraged for participation. A value 

in this range triggers a denominated IMP2 feedback text message to the student, 

encouraging him/her to increase his participation.  If the student keeps his/her low 

participation then a IMP3 message with the group participation rates is sent.  

 

The content of the feedback messages regarding participation are: 

 IMP1 - {Student’s name} needs to improve participation 

 IMP2 - {Student’s name} seems to be taking care of too much 

 IMP3 - The group participation rates are: 
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Monitoring the Group Phases 
 

For this process, to monitor the group phases, the number of utterances, objects 

pointed, objects moved, and gazes among peers are collected from the group as a 

whole, during a predefined period of time.  

 

An ‘XML’ configuration file is the tool to establish the numbers of the NVC cues that will 

determine in which phase of the task the students are, when the group changes to other 

phase, and the messages that will be triggered in case the participants skip a phase or 

stay to long on it.   

 

The facilitator assumes a first phase denominated Initial (0), and according to the 

numbers in the NVC cues, the session can stay in the same stage, which is identified as 

a change from 0 to 0, or change to Planning (1), to Implementation (2), to Evaluation (3), 

or to the Final (4) phase.  At any phase, and according to the NVC cues numbers, the 

session can change to any other including itself, that is, from 0 to 0,1,2,3 or 4, from 1 to 

0,1,2,3 or 4, and so on.  At any time, by a key combination, the students can go directly 

to the Final phase. 

 

The configuration file allows sending three subsequent messages to the group in any of 

the changes to other phase. For example, in the default Initial phase, if they stay in the 

same phase and do not have a number of pointed furniture, then a message can be 

triggered like: “Pointing is an advantage that VEs have”.  Other example can be when 

the students start with the implementation before planning, that is, if they do a number of 

manipulations of objects that conducts from the 0 to the 2 (Implementation) phase, then 

a triggered message like: “It seems that you do not have a plane already” can occur.  

 

An example of the values for the furniture task in the configuration file can be found in 

the Appendix B. 
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The Student’ Evaluation of the Facilitator Interventions 

 
The students’ opinions about the facilitator’s interventions, its messages, are collected 

through two buttons with the words ‘yes’ and ‘no’ that the student have to select after 

each sent message to make it disappear, their selected button can be interpreted as 

agreement or disagreement on the message. These students’ answers are the way to 

evaluate the facilitation and make adjustments for future session; and in some cases, 

they also regulate the facilitator activity.  

 

In a message regarding participation, the addressed student opinion is the one that the 

facilitator considers the most. When the students do not agree, and the message has 

been sent at least twice, the participation rates are displayed in the IMP3 message.  

 

For the messages regarding group phases, when the group does not reach consensus 

in their ‘yes’ and ‘no’ answers, the facilitator considers the answers of the majority. If the 

students were encouraged to make a plan, and they do not agree, even if they start 

implementation, the next message to encourage them to make a plan is not sent.  

 

Finally, it is worth to comment that the log files of each user in the application, are 

designed to place the trace with a timestamp of all the actions he/she realizes within the 

environment, in such ways that though them, the whole session can be understood.    

 

This application was designed for the automatic monitor of the students NVC cues 

displayed in the environment and based on which, here an autonomous facilitator can 

give advice to the students regarding their participation and the sequence of the stages 

they follow during the session. Consequently it can be stated that an automatic 

facilitation based the NVC cues of the users’ avatars is feasible.  
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H2  
 
Through the automatic analysis of NVC within this experimental prototype, a virtual 

facilitator was provided with the tools to give advice to the students toward effective 

collaborative learning indicators. The Hypothesis 2 (see section 1.1 – Motivation − 

Hypotheses) is then accepted. 
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9. Conclusions and Future Work 
 
The CSCL paradigm for education (Koschmann, 1996) emerged as an alternative to 

traditional education and supported by the groups’ computer technologies. In this 

context, the automatic analysis of collaboration evolved as an active and challenging aim 

of research that requires the understanding of the group learning process and computer 

possibilities as a tool for facilitation (Jermann, 2004).  

 

However, even though that collaborative analysis for learning has been conducted from 

different points of view, they are not proper for three-dimensional VEs. Current 

approaches are based on menus, text communication, structures where 3D is not 

required, or they observe only the workspace.  

 

Educational VEs provide students with visual, experiential learning where they can 

experience directly some physical effects, objects and events. It can be said that Socio-

Constructivism, the fundamental theory of CSCL, motivates educational uses of VEs 

(Chittaro & Ranon, 2007). On the other hand, CVEs offer a shared space with shared 

objects for remote people, which allow better communication awareness through 

orientation, gaze and gestures (Roberts et al., 2006; Wolff et al., 2005). When the goal 

of a group of students geographically separated is to carry out a task that involves 

objects, a CVE can be the most appropriate means. Other technologies may facilitate 

communication for more personal messages like videoconferencing; but not when an 

object is the focus of the discussion (Gergle, Kraut, & Fussell, 2004).   

 

Because effective collaborative learning requires not only collaborating to learn but also 

learning to collaborate, the students may require guidance in both task oriented and 

collaboration issues (Jermann et al., 2004). In order to understand the collaboration that 

takes place within a group of students working in a predefined task, sometimes what 

teachers do is to observe the wordless messages they interchange, their NVC. Following 

this analogy in a CVE for learning, where the user representation is the means for 

interacting with the world and a main source for others awareness, the proposal is the 

use of the students’ avatars NVC cues as the input data for inferring effective 

collaborative learning indicators. In such a way, that an autonomous virtual pedagogical 

tutor can facilitate collaboration during the learning session.  
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A scheme of how to conduct the analysis during the learning session through NVC was 

here developed. What cues to observe, how to measure them, and how they are related 

to indicators of effective collaborative learning was discussed (Chapter 6 –The Analysis 

of Collaborative Interaction through NVC cues). The ample combination of NVC cues, 

new coming technology to transmit NVC behaviors from the user to the avatar, as well 

as the different indicators of effective collaborative learning that will depend on the 

pedagogical strategies, made unfeasible to corroborate the whole range of possibilities. 

Nevertheless, some empirical studies to confirm several elements of the proposal were 

conducted (Chapter 7 – Empirical Validation), proving that it is possible to obtain useful 

automatically measures of NVC for the session learning facilitation.  

 

The approach was implemented as a prototype application in a platform for the 

development of Intelligent multi-user Virtual Environments for Education and Training 

(Chapter 8 − An Application with the Autonomous Virtual Facilitator). Four NVC cues 

were implemented for the diagnosis of the virtual tutor concerning to the students’ 

participation and the task phases: amount of talk, amount of object manipulation, gazes 

direction, and pointing gestures. For the prototype application, it remains core future 

work to do. Mainly, evaluate the implications of the facilitation in the collaborative 

process, but also in the task performance. Other interesting possibilities are to test the 

increment of NVC cues that should conduct to a more accurate classification of the 

students’ activity, or examine the facilitation mixed with tutor capabilities related to the 

task at hand. Even though, its implementation is considered as a functional example of 

an autonomous facilitation for collaboration relying on NVC cues.  

 

The type of task recurrently used in this paper was furnishing a room, a task that, as 

mentioned, does not require special knowledge or background.  Examples of tasks more 

related to a collaborative learning situation in a CVE are those where a collaborative 

analysis can be conducted by changing parameters in different simulated processes or 

those helpful to see how a mechanism would work.  It can be included abstract types, 

like the applications where documents are treated as “objects” that can be manipulated. 

In the industry environment, several tasks require a design review, where people check 

how objects match together such as construction planning, home automation, urban 

planning or strategic planning on a map.  
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In a VE for learning, the students may have the advantage of not having to deal with 

visual cues that might act as a distraction or be the source of a stereotype such as 

weight, race, or physical attractiveness that might hinder message credibility and 

relationship development (Walther, Slovacek, & Tidwell, 2001). Many theorists and 

practitioners have argued that the effectiveness of human communication mediated by 

technology would suffer by the lack of human co-presence. However, given the 

adaptable nature of human beings, people and new communication technologies relate 

to each other in complex and diverse ways (Walther, 2006).   

 

To Knapp and Hall (Knapp & Hall, 2007), the ability to effectively decode nonverbal cues 

sent in the form of computer-generated visuals will characterize effective communicators 

in the digital age, which they said, will challenge the study of nonverbal communication 

in ways never envisioned. 

 

Finally, it is worth to mention that even when this approach is well defined for 

collaborative learning; it is perfectly adaptable to monitor other group activities in VEs 

like those for training or virtual meetings. For that, other indicators may be required that 

will have to be tested.  

 

I believe this is a promissory field of study to foster, in an automatically way, the 

collaborative interaction that takes place in CVEs. 
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Appendix A 
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2. Apartment sketch 
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3. Post-questionnaire for Participants 

1.-Si tuviste algún problema durante la sesión, o si quieres hacer algún comentario 
descríbelo   
2.- Si consideras que alguno de los miembros del grupo, incluyéndote a ti, realizó el papel 
de líder anota el nombre  
 
3.1 Answers 
Group 1 First question Second question 
Member1 El trabajo en equipo es 

siempre mejor 
- 

Member2 Hay algunos muebles cuyos 
nombres no conozco, por lo 
que debería haber una 
descripción de los menos 
comunes 
 

- 

Member3 Los conceptos de los muebles 
deberían haberse definido o 
unificado para saber el 
concepto 
 

Member2 

 
Group 2 First question Second question 
Member1 - Creo que todos trabajamos 

igual 
Member2 Ningún problema 

 
Creo que los tres componentes 
hemos colaborado de la misma 
forma, tomando decisiones 
todo el grupo 

Member3 Ningún  problema, se 
compartió las ideas 
 

A mi criterio Memeber1 
ejerció de líder ya que era 
él(la) que más opinaba y 
dirigía 

 
Group 3 First question Second question 
Member1 No No 
Member2 No 

 
Member1 y Member3 

Member3 Ninguno 
 

No, el trabajo estuvo bastante 
distribuido 
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Group 4 First question Second question 
Member1 No ha habido problema No hubo un líder 
Member2 Ningún problema 

 
No, hubo mutuo acuerdo 

Member3 Creo que la casa era muy 
grande o los muebles muy 
pequeños 
 

Creo que hemos trabajado de 
forma bastante colaborativa 

 
Group 5 First question Second question 
Member1 No he tenido ningún 

problema. 
Aunque faltan mesas, 
ordenadores, lámparas y horno 

No creo que haya habido 
ningún líder 

Member2 A veces nos faltaban muebles 
como armarios y más plantas y 
mesas para la entrada… 
 

No creo que hubiera un líder 
destacado 

Member3 Faltan mesas, ordenadores, 
horno y billar 
 

Se han realizado todas las 
decisiones mediante consenso 

 
Group 6 First question Second question 
Member1 - Pues se tuvo que negociar 

características de la familia 
- La distribuciónd e los 
espacios era un poco 
inapropiada para sala-baño-
cocina 

- No 

Member2 Primero fue comenzar a 
distribuir cosas sin saber o 
haber decidido cuantas 
personas vivían en la casa.  
Segundo, faltaron más 
elementos para una casa, como 
del tipo decorativos (cuadro, 
artesanías, etc.) 

Fueron comentarios uniformes 
y cuando alguien no estaba de 
acuerdo, lo exponía y los 
demás lo canalizábamos y 
acordábamos.  Para mi caso, 
pondría a Member3 como líder 
por la delegación de tareas 

Member3 Necesidad de negociar para 
decidir sobre el uso de las 
habitaciones (principalmente). 
Al final concordamos pero no 
de forma unánime 
 

si, yo mismo(a) 
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Group 7 First question Second question 
Member1 De manera personal siempre 

necesito muchas explicaciones 
o instrucción de cómo llevar a 
cabo una tarea 

- 

Member2 Definir qué habitación sería 
qué 
Algunos problemas de 
lenguaje ¿qué es un arcón? ¿o 
un aparador? 
 

- 

Member3 Estuvo muy divertida la 
sesión, además pudimos 
ponernos de acuerdo sin 
problema, participando todos 
en todo momento 
 

Creo que la participación de 
todos fue igual, aportando 
ideas muy buenas de acuerdo a 
la experiencia 

 
Group 8 First question Second question 
Member1 No conocemos el nombre de 

las cosas 
Creo que se trabajó en equipo 

Member2 No, la integración del grupo 
fue inmediata debido a que 
nos conocíamos previamente 
 

Si en parte Member3 tomó un 
poco el papel de líder debido a 
su sexo 

Member3 No conocía el nombre de 
algunos elementos del 
mobiliario, pero mediante la 
interacción se dedujo el 
significado de ellos 

Considero que durante la 
actividad, participamos 
activamente los tres y cada 
uno tomaba en cuanta las 
opiniones de los demás 
miembros del grupo 
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4. Post-questionnaire for Expert Tutor Evaluation 

Grupo _______________________ 
Participantes: 
_________________________________________________________________ 
1- ¿Cómo describirías la interacción entre los miembros del grupo? 
2- Ordena a los participantes en función de su grado de contribución para la 

consecución de la tarea 
3- Ordena  los participantes en función de su grado de contribución al 

mantenimiento de un ambiente funcional dentro del grupo 
4- ¿Consideras que la colaboración ha sido de buena calidad? 
5- ¿Crees que la colaboración ha sido equitativa? Si no ha sido así, por favor 

descríbelo. 
6- ¿Alguno o algunos de los miembros han sido dominantes o sumisos?  Por favor, 

específica. 
7- Si los mismos miembros del grupo tuvieran que participar posteriormente en otro 

proyecto colaborativo ¿Crees que alguno de ellos requerirá que se le motivara a 
una mayor participación? 

 
4.1 Expert 1 Answers 
 
Group: 1 
1- Buena.  Aunque al principio no se ponen de acuerdo y cada quien opina cómo realizar las tareas, 
poniéndose incluso en desacuerdo con las propuestas, hasta que al final deciden los roles. 
2- Member2, Member3, Member1. Sin embargo quien con argumentos lógicos define la adecuada 
distribución es Member3 apoyada por Member1, quien al final “gana” con su propuesta. 
3- Si. Todos los participantes colaboran con ideas, hay trabajo en equipo, aunque ellos critican 
algunas ideas de Member3 en forma de broma 
4- (Si). Member3 y Member2 son quienes más tratan de imponer sus ideas y se oponen en ocasiones.  
Sin embargo, Member1 también manifiesta su acuerdo o desacuerdo, por lo que propiamente hay un trabajo 
equitativo. 
5- No propiamente dominante, pero las ideas de Member3 y Member2 tratan de imponerse a las de 
Member1.  Member1 de forma calmada pero lógica logra en muchas ocasiones que su idea se realice.  
Member3 y Member2 destacan sus desacuerdos pero con explicación del mejor modo de distribuir. 
6- No. Creo que sea el caso.  Es uno de los Groups donde todos participan activamente en la tarea.  
Aunque Member1 es el que menos trata de imponerse también manifiesta sus desacuerdos.  Son de los 
Groups que más tardan en la realización de la tarea. 
  
Group: 2 
1- Existe trabajo en equipo, la interacción se da equitativamente.   Member1 hace propuestas y aclara 
situaciones pidiendo opinión a sus compañeras. 
2- Member3, Member1, Member2. Aunque en ocasiones Member1 y Member2 realizan casi todas 
las propuestas, sin embargo, Member3 realiza las propuestas iniciales y asigna los roles. 
3-  Si. De hecho terminan muy rápido la distribución.  Aunque no hay adjudicaciones precisas de qué 
hacer, realizan la tarea de acuerdo a los recursos que se encuentran en el curso del trabajo. 
4- Si. Aunque Member1 y Member2 son quienes realizan la mayoría de las propuestas. 
5- No. Más bien se trata de un trabajo en equipo, donde entre sí, buscan la mejor distribución y luego 
se ponen de acuerdo.  No considero que haya alguien dominante; algunas opiniones de Member1 y 
Member2 sobresalen comparadas a las de Member3 
6- Aunque a  Member3 muestra mucho interés en la tarea casi no se escucha su voz con propuestas y 
en ocasiones sólo sigue a los demás al final, porque en el inicio del proyecto es quien asigna las funciones. 
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Group: 3 
1- Member3 les propone el elegir cómo realizar la tarea y los tres se ponen de acuerdo, quien decide 
la forma de trabajo es Member1.  Member2 sólo asiente. 
2- Member3, Member1 y Member2 
3- Muy cordial y respetuosa. Parece que Member3 es la que ordena lo que “sigue” en la distribución, 
Member1 califica la propuesta y Member2 si bien participa casi siempre su actitud es segundona 
4- Si. Es un Group que trabaja en equipo, que busca que las propuestas sean acordadas por los 
miembros, que entre sí se preguntan cómo mejorar la distribución. 
5- No. Member3 es la que toma la iniciativa de asignar las reglas y los roles, sin embargo su actitud 
no es dominante sino participativa, al igual que la de Member1.  Mientras que Member2 si bien está 
interesado casi no participa en propuestas. 
6- No, sólo que tal vez Member2. Aunque es participativo en la tarea casi siempre sigue las 
propuestas de Member3 y Member1. 
 
Group: 4 
1- Muy equitativa. De hecho se consultan entre sí con la finalidad de mejorar e incluso se dan a 
escoger las distribuciones. Continúas bromas, trabajo en equipo.  Aunque Member1 escoge la habitación 
supuestamente más pequeña favoreciendo a sus compañeras. 
2- Member2, Member1 y Member3. Cada uno se da a la tarea de adjudicarse una habitación en la 
“supuesta casa” y por lo tanto, cada uno se encarga de amueblarla a su gusto.  En relación a las áreas 
comunes, Member2 propone y los demás se ponen de acuerdo. 
3- Si. De hecho aunque Member2 es la que propone normalmente las distribuciones, siempre les 
consulta a los demás su parecer, pero no cede en los cambios propuestos a su supuesto espacio asignado. 
4- Si. Hay trabajo en equipo; Member1 propone actividades logísticas (evitar ruido, mejora la 
comodidad), Member2 es ella la que más propone y la actitud de Member3 es más seguidora.  Aunque 
también participa a lo largo de la dinámica.  
5- No. Hay una relación clara de alguien dominante, se da más bien un trabajo en equipo, en la que se 
busca que las propuestas estén todos de acuerdo.  Aunque a veces la contra es de Member2. 
6- No. De hecho me parece que la participación es muy equitativa.  Aunque Member2 es la que más 
ideas trata de realizar en la tarea, seguida por Member1 y en tercer lugar Member3. 
  
 
Group: 5 
1- Cordial .A veces tanto que se presta a distracción de la tarea original.  Las bromas continúas 
permiten que el trabajo sea agradable, pero entre los participantes hay continúas ideas opuestas y la 
búsqueda por imponerlas. 
2- Member3, Member2 y Member1. Member3 propone las ideas y los demás en ocasiones lo(a) 
siguen (apoyan) o le dan otras sugerencias. 
3- Si. Sin embargo, los participantes proponen ideas en ocasiones opuestas.  Member3 y Member1 
casi siempre coinciden, mientras que Member2 generalmente propone otra forma de distribución. 
4- Considero que todos los participantes a lo largo de la dinámica tratan de imponer sus ideas.  Sin 
embargo, Member3 resulta la más dominante, incluso marcando los tiempos para continuar.  En ocasiones 
Member2 se pone de acuerdo con Member3 y Member1 no está de acuerdo y viceversa. 
5-  Member3 es él(la) más dominante, seguida de Member1 y Member2.  Ninguno puede considerase 
sumiso, ya que todos intentan defender su “lógica” de distribución.  Sin embargo, Member2 y Member1 
ceden a las propuestas, mientras Member3 siempre consigue imponer su idea. 
6- No. De hecho considero que la relación se da en un ambiente cordial, si bien algunos participantes 
tratan de que sus ideas se realizan explicando lógicamente el por qué y más que sumisos, creo que todos 
son dominantes, siendo Member3 la que sobresale. Sobre todo cuando le dice a Member2 sobre la 
propuesta de dejar la planta sobre la mesa en contra de que él dice quitarla “la bajas y ya está” 
  
Group: 6 
1- Muy relajada, muy cordial. Tanto que al principio no definen claramente el orden de cómo realizar 
la tarea.  Member2 comienza con las propuestas y los demás las escuchan y dan sus propuestas 
2- Member2, Member3 y Member1.   Sin embargo, no hay asignación clara ni ordenada, 
especialmente para realizar la tarea, ella propone y los demás están de acuerdo o no. 
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3- Si.  Existe mucho respeto en las ideas de cada uno.  Member1 explica su propuesta al igual que 
Member2, aunque Member2 se opone a veces a Member1 en lo que considera distribuir.  No hay falta de 
cordialidad, pero sí ella propone casi todo. 
4- Si, aunque Member2 llega a ser muy imponente. Algunas veces con Member1, quien en todo de 
broma sólo le dice ¿Por qué no? “pues porque no” contesta ella. 
5- Member2 es la más participativa y la que logra imponer casi todas sus ideas.  La colaboración de 
Member3 se va quedando en tercer lugar a lo largo de la dinámica.  Mientras que Member1 aunque luego 
no está de acuerdo con Member2, termina por aceptar. 
6- En el caso de Member3. Si bien tiene interés en participar e integrarse a la dinámica termina por 
quedarse callado en varias ocasiones ni apoya a Member1, ni discute o propone otra alternativa a la de 
Member2. Member1 tiene ideas diferentes pero no insiste con más argumentos el porque quiere la 
distribución así y cuando llega a hacerlo (1 vez) lo hace en tono de broma, lo que no toma en cuenta 
Member2. 
  
Group: 7 
1- Cordial. Con bromas frecuentes.  Member1 es la que expresa las propuestas complementarias en 
relación a  Member2 y Member3.  Member3 y Member1 en ocasiones tiene ideas opuestas pero no hay 
dominio definido. 
2- Member3, Member2 y Member1.  Member2 piensa de forma individual y luego les pregunta a sus 
compañeros sobre su propuesta.  Ellos acuerdan mutuamente o complementan.  No hay desacuerdos 
marcados, el mismo Member3 dice “estamos en plan democrático” 
3- Si.  Pero muchos de los miembros desconocen claramente qué es una tumbona, arcón, aparador y 
las habitaciones son para personas individuales niños o parejas (en casi todos los grupos es así). 
4- Si. Todos participan.  Member3 y Member1 a veces tienen ideas diferentes a las de Member2 pero 
se ponen de acuerdo a manera de propuestas lógicas y bromas.  Muchas dudas en los nombres de los 
muebles. 
5- No. La más participativa es Member1, Member2 se encarga de organizar las propuestas y 
Member3 realiza las propuestas de sus compañeras agregando también sus ideas.   
6- No. Es el caso todos participan y no hay relaciones dominantes, más bien trabajo en equipo. 
 
4.2 Expert 1 Answers 
 
Group : 1 
1-  Suficiente, es buena, pero solo interactúan lo necesario. 
2-  Member3, Member2, Member1. 
3-  No, Member1 participa muy poco en el logro de la tarea. 
4-  No, Member3 toma las decisiones, Member2 y Member3 distribuyen los objetivos y Member1 
solo observa, si intervención es mínima. 
5-  Member3 es dominante, Member1 es flojo, no sumiso. 
6-  Member1, no tiene interés en el logro de la tarea. 
 
Grupo : 2 
1- Pobre, solamente al inicio de la actividad comentaron sobre la dinámica del trabajo, después cada 
uno trabajó por su cuenta. 
2-  Member3: Toma la iniciativa. Member1 Y Member2 
3- No 
4- Si, cada uno realiza su tarea. 
5- Member3 es dominante, sobretodo al inicio de la tarea, Member2 es sumisa, habla poco y solo 
realiza su encomienda. 
6- Si a Member1 y a Member2. 
 
Grupo : 3 
1- Pobre, fue mínimo el intercambio de opiniones. 
2- Member1: Impone la dinámica del trabajo al inicio. 
Member3 Y Member2: No se oponen, su actitud es cómoda. 
3- No, fue muy pobre, cada uno trabaja en forma independiente. 



 

211

4-  Si, trabajaron equitativamente, cada uno por su cuenta, sin hacer mayor contribución. 
5- Member1 dominó al inicio. 
Member2 Y Member3 tuvieron una postura sumisa, acataron la propuesta de Member1. 
6- Si, Member3 Y Member2, su participación es pobre, no hay aportación. 
 
Grupo : 4 
1- Buena, pero se observan lentos en sus decisiones. 
2- Member1: Sus aportaciones son basadas en la funcionalidad. 
Member2 Y Member3. 
3- Si, la colaboración de los miembros es buena. 
4- Member1 habla mucho y trabaja poco, Member2 habla poco pero trabaja mucho, Member3 se 
limita a observar, habla poco y trabaja poco. 
5- Member1 toma la iniciativa, pero no podríamos decir que es dominante, Member3 es la sumisa. 
6- Si, a Member3. 
 
Grupo : 5 
1- Buena, el grupo llega a acuerdos fácilmente, los motivos de desacuerdo son pocos. 
2- Member3: Toma la iniciativa. 
Member1 Y Member2: participan poco a poco. 
3- Si, lograron satisfactoriamente el objetivo. 
4- No, tuvo una mayor participación Member3, ella movió en gran parte las piezas. 
5- Si, Member3 dominó en el inicio. 
6- No, todos participaron en alguna medida. 
 
Grupo : 6 
1- Mala. 
2- Member2 
Member1 Y Member3 hablan poco, se limitan a acomodar piezas. 
3- No, por lo menos en dos de ellos la colaboración es poca. 
4- No, Member2 realiza casi todo el trabajo, Member1 opina y acomoda piezas, Member3 habla en 
pocos momentos para dar su opinión. 
5- Member2, es dominante, mueve las piezas ya colocadas por sus compañeros. Member3 es sumiso, 
se limita a lo que hacen sus compañeros. 
6- Si, Member3. 
 
Grupo : 7 
1- Muy buena, todos participan y opinan. 
2- Member3: Toma la iniciativa, respeta opiniones. 
Member1 Y Member2. 
3- Si, la colaboración de los miembros es buena. 
4- Si, ha sido equitativa. 
5- Aparentemente Member1 es sumisa, pero opinó y participó por igual. 
6- No, los tres se involucraron en igual medida con la tarea. 
 

 



 

212

Appendix B 
 
The XML configuration file for the autonomous facilitator to control the task phases 
 
?xml version="1.0" encoding="UTF-8"?> 
<tns:configuracion xmlns:tns="es.upm.fi.ls.decoroso.maevif.coveto" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:schemaLocation="es.upm.fi.ls.decoroso.maevif.coveto ../../../agente/entornos/coveto/configuracion/Configuracion.xsd "> 
  <tns:fases> 
    <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FASE 0: INICIAL --> 
    <tns:fase> 
      <tns:transiciones> 
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 0 a 0 --> 
        <tns:transicion> 
         
          <tns:destino>0</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Señalar es una ventaja en entornos visuales</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Parece que no tienen un plan</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Deberían hacer un  plan de trabajo</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 0 a 1 --> 
        <tns:transicion> 
         
          <tns:destino>1</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>1</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
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              <tns:operador>menor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>8</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido></tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Habrá que trabajar más en la planeación</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Deberían planear más antes de implementar</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - de 0 a 2 --> 
        <tns:transicion> 
         
          <tns:destino>2</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
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            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 0 a 3 --> 
        <tns:transicion> 
         
          <tns:destino>3</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - de 0 a 4 --> 
        <tns:transicion> 
         
          <tns:destino>4</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
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              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
      </tns:transiciones> 
       
      <tns:formulaCalculoParticipacion>agente.entornos.coveto.FormulaHablar</tns:formulaCalculoParticipacion> 
       
    </tns:fase> 
    <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FASE 1: PLANIFICACION --> 
    <tns:fase> 
      <tns:transiciones> 
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 1 a 0 --> 
        <tns:transicion> 
         
          <tns:destino>0</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
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            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 1 a 1 --> 
        <tns:transicion> 
         
          <tns:destino>1</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>1</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>7</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>3</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 1 a 2 --> 
        <tns:transicion> 
         
          <tns:destino>2</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
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              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 1 a 3 --> 
        <tns:transicion> 
         
          <tns:destino>3</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>1</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 1 a 4 --> 
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        <tns:transicion> 
         
          <tns:destino>4</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
      </tns:transiciones> 
       
      <tns:formulaCalculoParticipacion>agente.entornos.coveto.FormulaHablar</tns:formulaCalculoParticipacion> 
    </tns:fase> 
     
    <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FASE 2: IMPLEMENTACION --> 
    <tns:fase> 
      <tns:transiciones> 
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 2 a 0 --> 
        <tns:transicion> 
         
          <tns:destino>0</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
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            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 2 a 1 --> 
        <tns:transicion> 
         
          <tns:destino>1</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 2 a 2 --> 
        <tns:transicion> 
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          <tns:destino>2</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>3</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Parece que no están trabajando juntos</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Deberían trabajar en grupo</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 2 a 3 --> 
        <tns:transicion> 
         
          <tns:destino>3</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>1</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>2</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
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          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 2 a 4 --> 
        <tns:transicion> 
         
          <tns:destino>4</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
      </tns:transiciones> 
       
      <tns:formulaCalculoParticipacion>agente.entornos.coveto.FormulaHablarYMover</tns:formulaCalculoParticipacion> 
    </tns:fase> 
    <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FASE 3: REVISION --> 
    <tns:fase> 
      <tns:transiciones> 
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 3 a 0 --> 
        <tns:transicion> 
         
          <tns:destino>0</tns:destino> 
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          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 3 a 1 --> 
        <tns:transicion> 
         
          <tns:destino>1</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
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          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 3 a 2 --> 
        <tns:transicion> 
         
          <tns:destino>2</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>1</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 3 a 3 --> 
        <tns:transicion> 
         
          <tns:destino>3</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
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              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
         
        <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - de 3 a 4 --> 
        <tns:transicion> 
         
          <tns:destino>4</tns:destino> 
           
          <tns:condiciones> 
            <tns:condicion> 
              <tns:variable>vecesSeleccionDeseleccion</tns:variable> 
              <tns:operador>menor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMover</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesHablar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
            <tns:condicion> 
              <tns:variable>vecesMirar</tns:variable> 
              <tns:operador>mayor</tns:operador> 
              <tns:valor>0</tns:valor> 
            </tns:condicion> 
          </tns:condiciones> 
           
          <tns:condicionSobreMensaje /> 
           
          <tns:mensajesActivacion> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 1</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
              <tns:contenido>Contenido mensaje 2</tns:contenido> 
            </tns:Mensaje> 
            <tns:Mensaje> 
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              <tns:contenido>Contenido mensaje 3</tns:contenido> 
            </tns:Mensaje> 
          </tns:mensajesActivacion> 
           
        </tns:transicion> 
      </tns:transiciones> 
      <tns:formulaCalculoParticipacion>agente.entornos.coveto.FormulaHablar</tns:formulaCalculoParticipacion> 
    </tns:fase> 
    <!-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FASE 4: ESTADO FINAL --> 
    <tns:fase> 
      <tns:transiciones /> 
      <tns:formulaCalculoParticipacion>agente.entornos.coveto.FormulaHablar</tns:formulaCalculoParticipacion> 
    </tns:fase> 
  </tns:fases> 
  <tns:tiempoEntreComprobaciones>20</tns:tiempoEntreComprobaciones> 
</tns:configuracion> 
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Resumen Amplio en Español 

 
Un Modelo para Entornos Virtuales 3D para el aprendizaje basado en la 

detección de la Colaboración a través de un Tutor Autónomo Virtual 
 

Motivación 
 
El principal objetivo de entender la colaboración dentro del ámbito del Aprendizaje 

Colaborativo Asistido por Computadora, CSCL por sus siglas en inglés (Computer 

Supported Collaborative Learning), es el de guiar a los estudiantes hacia una sesión de 

aprendizaje efectiva. Para hacerlo de forma automática, tanto las acciones como la 

comunicación que tienen lugar durante la interacción colaborativa, se han analizado 

desde diferentes puntos de vista. Tal es el caso del método de Oraciones de Apertura 

en el que, mediante un menú con frases que sirven de inicio a la comunicación, se 

presenta a los estudiantes la opción de elegir la intención de la misma, de tal forma que 

la total comprensión de su contenido no es necesaria (Soller, Linton, Goodman, & 

Lesgold, 1999). Otros métodos comunes para determinar la colaboración son: el de 

clasificar la contribución del estudiante dentro de un esquema determinado, y el de 

analizar la actividad del estudiante en el área compartida de trabajo generalmente en 

dos dimensiones. 

 

Existen significativas consideraciones para la utilización de estos métodos dentro de un 

Entorno Virtual Colaborativo, CVE por sus siglas en inglés (Collaborative Virtual 

Environment) con tres dimensiones, principalmente debido a que éstos están dirigidos a 

interfases convencionales no apropiadas para Entornos Virtuales, VE por sus siglas en 

inglés (Virtual Environment). En un VE se espera que el ordenador dé al usuario la 

sensación de ‘estar allí’, en un ambiente diferente de en el que realmente se encuentra, 

e interactuar con dicho entorno (Ellis, 1995). Cuando se trata de un VE compartido se 

espera además que el usuario adquiera la sensación de ‘estar allí junto con otros’, 

interactuando con otros usuarios (Schroeder, 2007). Algunos de los problemas para la 

adaptación de los actuales métodos de detección automática de la colaboración para 

VE son, por ejemplo, que los menús obstruyen la vista del escenario (Lindeman, Sibert, 

& Hahn, 1999) y son difíciles de operar especialmente para los principiantes (Park et al., 

2001); que en los CVEs se espera una más apropiada comunicación síncrona y oral 
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(Imai et al., 2000), ya que el usuario utiliza los dispositivos de entrada principalmente 

para interactuar con el entorno y no para comunicarse; para el caso de las estructuras 

para colocar contribuciones en un esquema, éstas no requieren 3D. Concluyendo, estos 

métodos no encajan apropiadamente en los CVEs, y no utilizan la ventaja de la 

visualización de la interacción del estudiante. De allí la idea de observar la 

comunicación no verbal, NVC por sus siglas en inglés, (Non-verbal communication) de 

la personificación del usuario en el entorno, su avatar, para comprender la colaboración 

que se sucede durante la sesión de aprendizaje. Las hipótesis derivadas que se 

presentan en esta tesis son: 

 
Hipótesis 
 
H1: La comunicación no verbal que transmiten los avatares dentro de los entornos 

virtuales colaborativos proporciona los medios para determinar automáticamente la 

interacción que tiene lugar durante la colaboración en dichos entornos. 

 

H2: El análisis automático de la comunicación no verbal de los avatares en un entorno 

virtual colaborativo, permitirá dar retroalimentación a los estudiantes mediante un tutor o 

facilitador virtual, que sirva para conseguir una colaboración efectiva para el 

aprendizaje. 

 
Aprendizaje Colaborativo Asistido por Computadora  

 
Timothy Koschman (2002) uno de los precursores del CSCL lo define como: “…un 

campo de estudio preocupado centralmente en el conocimiento y las prácticas de 

formación de conocimiento, en el contexto de una actividad conjunta, y las formas en 

que estas prácticas son mediadas a través de dispositivos diseñados.” CSCL se 

fundamenta en la teoría del Socio-constructivismo que sostiene que el conocimiento 

humano se construye sobre aprendizaje previo y dentro de la sociedad.  

 

Dentro de CSCL, los CVEs para el aprendizaje ofrecen un espacio en el que se reúnen  

tanto participantes como objetos remotos en una proximidad social y espacial creando 

una interacción más natural que en otro tipo de entornos computacionales como el Chat 

en el que se comparte sólo comunicación oral o escrita, o la videoconferencia en la que 

no es posible compartir objetos. Un poderoso contexto para el aprendizaje en el que el 
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tiempo, las escalas y la física pueden controlarse. En el que los participantes pueden 

tener capacidad completamente nuevas como volar, y en el que los materiales no se 

rompen o gastan. Un espacio que permite experiencias y procesos seguros, en 

locaciones distantes o peligrosas (Bricken, 1991). 

 

En los VEs los usuarios pueden contar con una representación visual, su avatar, un 

recurso para interactuar con el entorno (Guye-Vuillème, Capin, Pandzic, Thalmann, & 

Thalmann, 1998), y que en una situación colaborativa cubre además otras funciones 

importantes tales como la percepción, localización, identificación y visualización del foco 

de atención de los otros usuarios dentro del entorno (Capin, Pandzic, Thalmann, & 

Thalmann, 1997). Las características del avatar dependerán de su propósito, y éste 

puede ser tan simple como un apuntador, pero una representación “corporal” puede ser 

muy útil para auxiliar la conversación y comprender el espacio virtual (Imai et al., 2000). 

 

Otros “habitantes” que pueden encontrarse en los VEs son los agentes, software 

autónomo que no requiere la supervisión y/o el control del usuario para realizar su tarea 

y que se caracterizan por tener la combinación de dos o más de los siguientes tres 

principios: autonomía de acción, cooperación y aprendizaje (Nwana, 1996).  Acción 

autónoma se refiere a que el agente puede funcionar sin intervención humana, 

cooperación es la habilidad que tiene de comunicarse con los usuarios y con otros 

agentes, y el aprendizaje es la capacidad de cambiar su comportamiento como 

resultado de cooperaciones anteriores para mejorar su ejecución. Cuando se trata de 

una aplicación para el aprendizaje, al agente se denomina agente pedagógico, y 

algunas de sus funciones pueden ser la de ayudar al profesor en el análisis del 

comportamiento de los estudiantes (Augustin, Moreira de Oliveira, & Vicari, 2002) o 

aconsejar y dar apoyo a los estudiantes (Mørch, Jondahl, & Dolonen, 2005). 

 
Debido a las características visuales de los VEs los avatares pueden entonces 

comunicarse a través otros canales diferentes del habla, esto es, la comunicación no 

verbal. 
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Comunicación no Verbal en los CVEs 
 
Cuando la gente interactúa envía mensajes a través de múltiples canales que involucran 

más que el habla como los movimientos corporales, la gesticulación, las expresiones 

faciales o ciertas acciones. Estas expresiones no orales o comunicación no verbal, 

enriquece la interacción y ayuda a la comprensión mutua, fundamental para el trabajo 

colaborativo. La NVC es un amplio campo de estudio que comprende todos los 

mensajes sin palabras que la gente intercambia (DeVito & Hecht, 1990) incluyendo el 

uso de objetos como la ropa o la forma de decorar los espacios diarios, pero también lo 

que se comunica a través de nuestro cuerpo como los gestos y la forma de hablar, no lo 

que se dice sino cómo se dice.  

 

En lo que se refiere a la interacción, la NVC involucra tres factores: las condiciones del 

entorno, las características físicas, y el comportamiento de los comunicadores (Knapp & 

Hall, 2006) todo ello claramente restringido a las condiciones computacionales en un 

CVE. 

 
En un CVE para el aprendizaje, las condiciones del entorno tienen que ver con la 

estrategia pedagógica que está determinada por el propósito de la sesión como la 

discusión de un tema o el llevar a cabo una tarea, de manera acorde el énfasis deberá 

estar en el medio de comunicación, las condiciones del área de trabajo, los objetos y/o 

las características que rodean el escenario. 

 

Las características físicas de los comunicadores en un VE estarán determinadas por la 

apariencia de su avatar, que en las aplicaciones de aprendizaje generalmente son 

establecidas por el desarrollador sin muchas posibilidades de ser cambiadas. Por otro 

lado, esto también tiene que ver con la posibilidad, importante para este trabajo, de que 

el avatar exprese NVC, como sería el que pueda desplegar expresiones faciales o 

ciertos movimientos corporales. 

 

Respecto al comportamiento de los comunicadores en un entorno computacional, dado 

que nuestro enfoque es sobre la interacción colaborativa serán entonces importantes 

los comportamientos que transmiten algo acerca de cómo los miembros del grupo están 

colaborando entre ellos para conseguir una meta común, la realización de una tarea. 
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La Tutoría por medio de Señales de Comunicación no Verbal 
 
Guiar a los estudiantes durante la sesión de aprendizaje puede estar orientado a la 

colaboración o a la realización de la tarea, generalmente el término facilitador se aplica 

en CSCL sin hacer esta distinción  (Schwarz, 2002; Collazos, Guerrero, Pino, & Ochoa, 

2003; Jermann, Soller, & Lesgold, 2004). Para el presente trabajo el término facilitador 

es utilizado en términos de la guía neutral que se da sin intervenir en la tarea de la que 

se trate (Schwarz, 2002), distinguiendo la facilitación del papel de tutor, considerante a 

éste último como un experto en la materia que da consejo en este sentido. 

 

Precisando, el enfoque del presente trabajo es el de crear un modelo que permita la 

facilitación en tiempo real, comprendiendo ésta como guiar el proceso colaborativo del 

grupo, de una sesión virtual de aprendizaje colaborativo en 3D, que se lleve a cabo 

dentro de un pequeño grupo de estudiantes, mientras realizan en sincronía una tarea 

con solución abierta y que implique la manipulación de objetos, a través de la 

observación de indicadores de aprendizaje colaborativo efectivo inferidos de las señales 

de NVC que desplieguen los avatares durante la interacción colaborativa. 

 

Diagnóstico de la Interacción Colaborativa Efectiva 
 

La participación es la intervención del estudiante en el entorno colaborativo, cuanto 

mayor sea ésta, mayor será el potencial de que se comparta conocimiento (Soller, 

2001). En una situación colaborativa, se espera que la participación tenga simetría entre 

los participantes (Dillenbourg, 1999; Webb, 1995) tanto durante la toma de decisiones 

como durante la implementación.  

 

Para realizar una tarea en forma conjunta, los estudiantes requieren crear puntos de 
vista comunes, esto es, compartir conocimiento, creencias y suposiciones, estos 

puntos de vista comunes o compartidos tienen que actualizarse momento a momento 

(Clark & Brennan, 1991). 

 

Durante la sesión de aprendizaje, es posible que aparezca la división de tareas. Su 

grado de conveniencia deberá determinarlo el tutor basado en factores como la clase de 

tarea a realizarse o la estructura de la sesión. 
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También es de esperarse una estrategia basada en el ciclo de Planeación-
Implementación- Evaluación apropiada para la resolución de problemas.  Para llevar a 

cabo una tarea es deseable que primero se establezca cómo, quién y cuándo se harán 

las cosas antes de pasar a su ejecución, posteriormente realizarlas, y finalmente 

evaluar lo que se ha hecho.  Mientras se planea, la argumentación o razonamiento que 

se hace sobre las estrategias a seguir, ayuda a los estudiantes a construir un modelo 

mental compartido sobre las metas y los requerimientos para llevar a cabo la tarea que 

se realizara propiamente durante la implementación. En el transcurso de la sesión, los 

estudiantes además tendrán que decidir si es conveniente o no hacer cambios ya sea 

en la estrategia o la implementación (Johnson, Johnson, & Holubec, 1990) evaluando lo 

que hasta el momento han realizado. 

 

Conforme a lo antes expuesto, algunos de los indicadores que determinan una 

interacción colaborativa efectiva para el aprendizaje son: la participación tanto en el 

dialogo como en la implementación, la creación de puntos de vista comunes, en algunos 

casos que exista o no división de tareas y un ciclo que involucre planeación, 

implementación y evaluación. 

 

Con la finalidad de destacar la NVC y explorar sus posibilidades en el modelo 

propuesto, se ha asumido el peor escenario, en el que el tutor no comprende en 

absoluto el dialogo entre los estudiantes y no cuenta con información sobre la tarea que 

tienen que realizar como serían sus metas o requerimientos, lo cual por supuesto no es 

necesariamente cierto.  No obstante, hacerlo presenta dos ventajas: el modelo de esta 

forma adquiere adaptabilidad, se puede aplicar independientemente de la tarea de la 

que se trate, lo que lo hace apropiado para un análisis genérico y, al mezclarse o 

extenderse con estas otras capacidades de tutoría de comprender el dialogo de los 

estudiantes y la tarea, generará, o bien una mejor comprensión de la interacción 

colaborativa, o bien una facilitación más amplia. 

 

A continuación se presenta una relación entre señales de NVC y los indicadores de 

aprendizaje colaborativo mencionados.  Los dos criterios aplicados para hacerlo fueron: 

primero, cierto  grado corroborado de relación entre la señal de NVC y los indicadores 

de colaboración efectiva observados, y segundo, el requisito de que la señal de NVC 
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sea totalmente reconocible mediante un sistema computacional.  Esta relación, hasta 

dónde sabemos, no se ha establecido antes en este contexto. Las señales de NVC 

seleccionadas con este propósito se exponen a continuación.  

 

Cantidad de Habla 
 
Esta rama de la Paralingüística es útil para saber si el estudiante está participando 

durante la argumentación y hasta que punto lo hace, para lo que se propone  calcular 

un simple porcentaje. 

 

Tasa de participación del estudiante = cantidad de habla del estudiante / cantidad de 

habla del grupo 
 

 

Los investigadores no ha llegado a un consenso sobre cómo medir la cantidad de habla, 

pero considerando que el propósito es establecer que estudiantes toman parte en los 

periodos de argumentación, y más o menos la proporción de su participación, la medida 

puede no ser estrictamente meticulosa.  En este sentido, la definición temporal de turno 

de habla de Jaffe y Feldstein (Jaffe & Feldstein, 1970) puede ser útil, el turno de habla 

inicia cuando una persona comienza a hablar sola y mientras se mantiene este estado. 

 

Para distinguir los periodos de argumentación debe tener en cuenta que cuando una 

persona trabaja en grupo, con frecuencia hace comentarios que no dirige a nadie en 

particular  (Heath, Jirotka, Luff, & Hindmarsh, 1995), estos comentarios aislados son 

diferentes de la alternancia de turnos de habla que involucra al menos a dos miembros 

del grupo. Por otro lado, los periodos de argumentación van más allá de por ejemplo, un 

intercambio de frases como una pregunta y su respuesta, por lo que para distinguirlos 

se requiere un número determinado de turnos de habla que involucren a la mayoría de 

los miembros del grupo. 

 

Periodo de argumentación = un número de turnos de habla + un número de 

miembros de grupo involucrados 
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Manipulación de Objetos e Implementación en el Área Compartida de 
Trabajo 
 

La manipulación de objetos puede considerarse una forma de NVC ya que puede darse 

el caso que sea la respuesta a una expresión. Qué  tanto un estudiante colabora para la 

realización de la tarea, independientemente de la calidad, es en sí un buen indicador del 

interés y participación del estudiante en la tarea. Medirlo debe permitir establecer si el 

estudiante está implementando y hasta que punto lo hace, para lo cual, una vez más se 

puede calcular un porcentaje.  

 

Tasa de participación del estudiante = cantidad de manipulación del estudiante / 

cantidad de manipulación del grupo 
 

 

La fase de implementación conlleva actividad en el área compartida de trabajo que debe 

involucrar a la mayoría de los miembros del grupo. 

 

Fase de implementación = un número de objetos manipulados + un número de 

miembros del grupo involucrados 
 

 

Gesticualción Deíctica 
 

En una conversación enfocada a objetos y sus identidades, la gesticulación deíctica es 

crucial para identificarlos rápida y seguramente (Clark & Brennan, 1991), de tal forma 

que si está al área de trabajo, es útil para determinar si los estudiantes están hablando 

sobre la tarea. La gesticulación deíctica puede relacionarse a la creación de puntos 

compartidos que a su vez pueden relacionarse con la fase de planeación. Durante la 

planeación, se espera, además de la argumentación, que los estudiantes hagan 

señalamientos de manera alternada, y para evitar confundir un intercambio de pregunta-

respuesta sobre algún objeto, que participe la mayoría de ellos.   

 

Fase de planeación = periodo de argumentación + un número de gestos deícticos 

que involucre a un número de estudiantes 
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Miradas 
 
Las miradas generalmente tienen un objetivo que debe ser parte de la información 

colectada ya que éste indica el foco de atención del estudiante. A través de la mirada se 

puede determinar si los estudiantes están poniendo atención a la tarea y/o a que 

compañeros. Agregar las miradas al análisis hace más exacta la distinción de los 

periodos de argumentación, la fase de implementación o la división de tareas.  

 

En una fase de revisión, la observación del área de trabajo se extiende más allá del 

objeto con el que se está trabajando, las miradas se extenderán sobre el área de trabajo 

que se esté revisando.  Si estas ‘miradas repartidas’ se observan hacia el final de una 

fase de implementación, entonces la fase de revisión puede ser identificada. 

 

Fase de revisión = final de la fase de implementación + las miradas de los 

estudiantes repartidas en el área de trabajo 
 

 

Proxémica 
 

El comportamiento proxémico es útil para indicar la inclusión o la exclusión de 

compañeros en las actividades de la tarea, puede utilizarse para observar la creación de 

subgrupos y la división de labor. El grupo situado alrededor del área de trabajo y 

dirigiendo a ésta sus miradas durante la fase de implementación, indica trabajo 

conjunto. Las posiciones dispersas de los individuos o subgrupos durante la 

implementación en diferentes locaciones significan división de la tarea. 

 

Trabajo grupal en la tarea = fase de implementación + los estudiantes alrededor de 

la misma área + las miradas dirigidas al área de trabajo 
 

División de la tarea = fase de implementación + subgrupos de estudiantes 
 

 
Movimientos de Cabeza 
 
La comprensión automática de la gesticulación con la cabeza es compleja ya que un 

mismo movimiento tiene diferentes funciones y/o significados que dependen del 
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contexto en el que se producen. No obstante, dos movimientos semánticos de cabeza 

fáciles de distinguir y útiles para el análisis del trabajo en grupo si se acompañan de 

otros comportamientos no verbales pueden servir para estudiar la interacción, éstos son 

el asentir para mostrar estar de acuerdo o haber comprendido y el movimiento de lado a 

lado para indicar desacuerdo o incomprensión (Cerrato & Skhiri, 2003).   

 

Involucramiento del estudiante en periodos de argumentación = dirección de la 

mirada principalmente al parlante o a lo que éste señala + secuencias de 

asentimientos con la cabeza 
 

 

Los movimientos de cabeza al igual que algunos movimientos corporales y las 

expresiones faciales están más relacionados a los periodos de argumentación. 

 

Posturas Corporales 
 

La ambigüedad en este tipo de NVC representa un reto aún mayor que los movimientos 

de cabeza en cuanto a su digitalización y comprensión automática. Sin embargo, se ha 

encontrado que, generalmente la persona que escucha, tiene a inclinar su tronco hacia 

el lado contrario al parlante cuando no está de acuerdo o le desagrada lo que éste 

último está diciendo, desde la vertical aproximadamente 9.3°  (Mehrabian & Friar, 1969). 

 

Desacuerdo del escucha con el parlante = un cierto grado de inclinación del trunco 

del escucha alejándose del parlante  
 

 

Expresiones Faciales 
 

Probablemente la característica más importante de las expresiones faciales durante la 

interacción colaborativa  orientada a la tarea es la retroalimentación sobre comprensión 

hacia el compañero, aunque su digitalización sigue siendo tan compleja como su 

interpretación.  No obstante, si se transmiten al avatar en base al método FACS de 

Ekman (1984) implícitamente conllevan su interpretación. 
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¿Cómo realizar el análisis?  
 
En concordancia con lo antes expuesto, se sugieren tres hilos de evaluación como se 

muestran en la  Figura 1.  El primero para seguir el flujo entre las fases de planeación, 

implementación y revisión. Algunos comportamientos de NVC pueden ser útiles para 

determinar un cambio en el flujo a la siguiente fase: en la fase de planeación, los turnos 

continuos de habla acompañados de turnos de señalamiento; en la fase de 

implementación la continúa manipulación de objetos; y en la fase de evaluación las 

miradas del grupo repartidas sobre el área de trabajo.  Aunque como ya se mencionó, 

otras señales que completan el marco harán su distinción más precisa. 

 

Como un segundo hilo de análisis, las tasas de participación de los estudiantes tienen 

que monitorearse por separado ya que están vinculadas al comportamiento no verbal 

individual. Durante las fases de planeación y revisión, la manipulación de objetos no es 

representativa por lo que la determinación de la participación debe depender sólo de la 

cantidad de habla.  No así en la fase de implementación, en la que la cantidad de habla 

y de manipulación de objetos deben recolectarse para el análisis (parte media de la 

Figura 1). 

 

Los periodos de argumentación o silencio también requieren un análisis por separado 

porque aquí las señales de NVC de acuerdo y desacuerdo son más significativas. 

 

Monitorear constantemente el entorno ayudará a determinar si las fases siguen la 

secuencia esperada, el tiempo que cada una de ellas toma, o si alguna se ha omitido, 

como por ejemplo cuando se sigue una estrategia de fuerza bruta en la que sólo hay 

implementación sin planeación o revisión. 

 

Cabe mencionar que la NVC debe considerando el contexto y siempre que sea posible 

en conjunto con otros medios disponibles.   
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Figura 1. Tres hilos paralelos de evaluación 

 
 

Validación Empírica 
 
Antes de crear una aplicación computacional basada en el modelo, se hicieron estudios 

preliminares. Dada la extensión del modelo sólo fue posible comprobar empíricamente 

algunas las posibilidades que se consideraron representativas. 

 

Primer Estudio Preliminar 
 
Se llevo a cabo en una situación de la vida real con el propósito de corroborar si las 

tasas de participación de los miembros de un grupo, derivadas de señales de NVC, 

corresponden a su contribución para la realización de la tarea, y hasta que punto dichas 

señales pueden ser el medio para diferenciar las fases de planeación, implementación y 

evaluación. 
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Se formaron siete tríos compuestos de 21 investigadores, estudiantes graduados y 

pregraduados. La tarea seleccionada consiste en colocar un juego de muebles 

dibujados sobre el croquis de un departamento. Para esta tarea los participantes no 

requieren antecedentes o conocimientos especiales. Se filmó cada sesión colocando 

una videocámara frente a los participantes, a los que se les pidió que colocaran los 

muebles como ellos consideraran apropiado. Las señales de NVC extraídas fueron la 

cantidad de habla, las miradas, el señalamiento y la manipulación de objetos.  

 

Para medir su participación se pidió a tres tutores humanos expertos que calificaran el 

grado de contribución a la tarea de cada participante. Se encontró un modelo de 

regresión que explica la variabilidad en la calificación de los expertos en un 80.9% 

mediante las variables independientes de: porcentaje de tiempo de habla y de 

manipulación de objetos. 

 

Para encontrar la NVC característica de cada fase del proceso del grupo se 

segmentaron los vídeos y se pidió a dos observadores externos que clasificaran cada 

uno de ellos.  Para analizar la información se utilizaron tablas cruzadas.  Las diferencias 

entre las categorías se enfatizan agrupando los resultados, los puntos de corte se 

hicieron a partir de la media y a una desviación estándar. Como se puede observar en 

la Tabla 1 en la categoría de planeación el número de turnos de habla y miradas es el 

más alto. Cuando hay división de la tarea no hay miradas entre los participantes y la 

manipulación de objetos obtiene el valor más alto, por el contrario, durante la evaluación 

se puede distinguir una cantidad muy baja de manipulación. La implementación en 

grupo y la que se hace debido a una revisión pueden distinguirse por el número más 

bajo de señalamientos. 
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Tabla 1. Variables agrupadas de las medias por segmento clasificado 

 
 

Segundo Estudio Preliminar 
 
El segundo estudio preliminar tuvo el propósito de corroborar la utilidad de las señales 

de NVC para distinguir la colaboración de otras formas de organización no deseadas 

durante el aprendizaje tales como la división de labor, una organización jerárquica, o un 

intento tipo fuerza bruta sin establecer planes o evaluar lo que se va realizando. 

 

Se llevaron a cabo cuatro sesiones en dos instalaciones en diferentes locaciones tipo 

CAVETM conectadas remotamente.  El usuario remoto está representado en el entorno 

por un avatar humanoide, cada usuario cuenta con dispositivos que transmite sus 

movimientos de la cabeza y una mano al avatar, así como el movimiento real de sus 

ojos (consultar Wolff et al., 2008 para detalles sobre las características del sistema  

EyeCVE). 

 

La tarea fue de nuevo amueblar una habitación, en esta ocasión las condiciones se 

modificaron para crear diversas situaciones utilizando diferentes muebles y cambiando 

los requerimientos de la tarea, así se evitó comunicarlo explícitamente a los 

participantes, lo que pudiera haber creado sesgos. A groso modo las condiciones fueron 

como sigue: para la situación colaborativa se les pidió a los participantes que se 

pusieran de acuerdo en todos los arreglos; para la situación jerárquica que hicieran 

espacio para colocar una mesa de billar dentro de la habitación y uno de los 

participantes tenía el rol de dueño de la habitación; para generar las condiciones para 
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una división de la labor, había muebles de dos colores y cada participante podía 

acomodar únicamente los muebles de uno de los colores; y para el intento tipo fuerza 

bruta, se les dijo a los participantes que acomodaran los muebles tan rápido como les 

fuera posible.  

 

Análisis de las Etapas durante la realización de la Tarea 

 
Las primeras tres situaciones siguieron cuatro etapas: los participantes observaron el 

escenario para ver lo que tenían a mano para trabajar; planearon el arreglo de los 

muebles; hicieron la implementación; y al final realizaron una revisión.  En el intento tipo 

fuerza bruta solamente se hizo implementación. 

 

Las diferencias más importantes entre las etapas se presentan en la Tabla 2.  Durante 

la exploración del escenario, la fase de planeación y la de revisión, el mismo 

comportamiento de NVC pudo observarse en las sesiones de colaboración, de jerarquía 

y de división de la tarea, para la sesión de fuerza bruta estas fases no tuvieron lugar. 

 

En la etapa de implementación durante la colaboración, los participantes hablan, se 

mueven alrededor de la misma área, generalmente sólo uno de los dos mueve objetos, 

hay señalamientos esporádicos, y las miradas se alternan de entre ellos y el escenario. 

 

En la sesión con jerarquía durante la implementación, el habla la hace principalmente el 

que da las órdenes mientras que las miradas al compañero las hace principalmente el 

que las recibe. En la división de labor, las miradas se dirigieron principalmente a lo que 

el compañero está haciendo, hablaron generalmente con frases sueltas en lugar de una 

conversación propiamente dicha, y la implementación la hicieron los dos al mismo 

tiempo. Finalmente, en el intento tipo fuerza bruta la principal diferencia durante la 

implementación con división de la tarea es la cantidad de miradas que se dirigen entre 

ellos. En estas sesiones entonces, las señales de NVC fueron de utilidad para 

diferenciar situaciones de trabajo conjunto.  
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Tabla 2. Diferentes comportamientos de comunicación no verbal durante las etapas 

NVC cues 
Stages 

Talk Proxemics Manipulation 
of objects 

Deictic 
gestures 

Gazes 

Exploring  the 
scenario Turns 

Allowing to 
see each other Touching

Some 
pointing 

Around the 
scenario and 

the objects

Planning 
Turns 

Allowing to 
see each other, 
around a small 

area Not
Interchange 
of pointing 

Around the 
scenario, ant 
to each other

Review Turns 
To get the best 

point of view Barely Great amount  
Around the 

objects
Collaboration 

Implementation 
Turns  

Around the 
same area

Most of the time 
from only one 

person
Some 

pointing 

Mainly to 
the objects 
and to each 

other
Hierarchical 

Implementation 

Turns – 
main talk 
from the 

one  who 
was giving 

orders 
Allowing to 

see each other

Mainly from 
those that 

followed the 
orders 

Mainly from 
the one  that 

gave the 
orders 

Mainly from 
the one that 
gives orders 

to the one  
that 

followed 
them

Division of labor 

Implementation 
Barely 

Each one on 
their own 

working area 
At the same time 
in different areas Barely 

To the 
working area

Brute force 

Implementation 
Barely 

Mostly each 
one on their 

own working 
area 

At the same time 
in different areas Barely 

Around the 
area and to 
each other

  
 

Tercer Estudio Preliminar 
 

El tercer estudio preliminar tuvo la intención de ahondar en la comprensión de los 

movimientos de cabeza de los avatares de los usuarios.  Con tal propósito los ficheros y 

vídeos de un experimento inicialmente llevado a cabo para analizar las miradas 

transmitidas directamente del usuario a su avatar (ver Steptoe et al., 2008 para mayor 

detalle), fueron adaptados. 
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El experimento original de Steptoe et al. (2008) consistió en conectar tres sistemas 

CAVETM en los que se recreo un escenario informal para dos entrevistadores coligados 

y una tercer persona a quien se dirigía la entrevista.  Cinco voluntarios, todos ellos 

hombres, de la Universidad College of London contestaron preguntas sobre sus 

antecedentes académicos.  En cada CAVE el participantes se sentó en una silla al 

centro usando trackers para su mano derecha, su cabeza y su ojo derecho (ver Wolf et 

al., 2008 para mayor detalle sobre este sistema EyeCVE), la comunicación fue oral y se 

grabaron las sesiones con una cámara colocada en los lentes 3D de cada participante. 

 

Los entrevistadores se alternaron para hacer las preguntas, dado que los avatares no 

contaban con movimiento de labios y el entrevistado los escuchaba a ambos en el 

audífono, se decidió señalar con la mano quien de los dos iba a hacer la siguiente 

pregunta.  La hipótesis a explorar fue comprobar si los movimientos de cabeza de los 

escuchas en un Entorno Virtual sirven para determinar si éste está poniendo atención al 

parlante. 

 

Los ficheros de la sesión virtual fueron manipulados para quitar de ellos al avatar del 

entrevistado.  A los avatares de los entrevistadores se les pusieron ojos y mano fijos, de 

tal forma que el único movimiento que desplegaran fueran los movimientos de cabeza, y 

en algunos casos el del cuerpo que sigue a la cabeza cuando ésta gira más de 30 

grados.  El audio también fue manipulado para que si durante la contestación del 

entrevistado, el entrevistador hacia alguna aclaración o comentario, no pudiera 

distinguirse cual de los dos lo había hecho. 

 

Con la ayuda de una herramienta para reproducir la sesión (ver Murgia et al., 2008 para 

detalles sobre la herramienta), se pidió a tres observadores que distinguieran quien de 

los dos entrevistadores había hecho la pregunta.  En el 90% de los casos la respuesta 

de los observadores fue correcta, de tal forma que puede afirmarse que cuando los 

movimientos de cabeza de los avatares son transmitidos al entorno computacional 

directamente del usuario, el parlante puede usarlos para inferir si el escucha está 

poniendo atención.   

 

Utilizando la estudio de Hadar et al., (1985) los movimientos de cabeza pueden 

distinguirse para establecer su función conversacional, por ejemplo,  los simétricos y 
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cíclicos generalmente se emplean para decir ‘si’ o ‘no’ o sus equivalentes.  Este tipo de 

movimientos se pueden seguir utilizando los ficheros “log” que usualmente generan los 

Entornos Virtuales, de tal forma que automáticamente puedan distinguirse.  En la Figura 

2 se muestra un gráfico creado con las posiciones en el plano ‘x’ y ‘y’ de los 

movimientos de cabeza de uno de los entrevistados cuando asentía con la cabeza, el 

cuadro negra destaca dichos movimientos. 

 

 
Figura 2.  Gráfico del fichero “log” durante asentimientos con la cabeza 

 
 
H1  
 

Conforme a los resultados obtenidos en estos los estudios exploratorios, la Hipótesis 1 

de la tesis es aceptada. La observación de la NVC en un CVE para el aprendizaje con 

3D puede ser el medio para determinar, de forma automática, la interacción 

colaborativa. 

 

Aplicación con un Facilitador Autónomo Virtual 
 
El prototipo de facilitación se desarrollo en la plataforma MAEVIF, para el desarrollo de 

Entornos Virtuales Inteligentes para Multiusuarios para Educación y Entrenamiento, la 

cual cuenta con una arquitectura resultado de la combinación de un Sistema de Tutoría 

Inteligente y un Entorno Virtual distribuido, la plataforma fue desarrollada con el 

paradigma de agentes (ver de Antonio, Ramírez, & Méndez., 2005 para detalles sobre 

MAEVIF). 

 



 

244

Con base en el primer estudio exploratorio y la analogía de tres estudiantes sentados 

alrededor de una mesa, la aplicación permite a tres personas geográficamente 

separadas trabajar en una tarea colaborativa, el avatar de cada usuario está sentado 

alrededor de la mesa de trabajo, ver Figura 3. 

 

 

 

 
Figura 3. Aplicación con el Facilitador Autónomo Virtual 

 

Las señales de NVC están restringidas a aquellas que se quieren observar: cantidad de 

habla, cantidad de manipulación de objetos, miradas a los compañeros o al área de 

trabajo y el señalamiento. Las posibles acciones de los estudiantes también se 

restringen de conformidad a aquellas que se quieren medir evitando acciones como por 

ejemplo, la navegación. Las entidades significativas asociadas a las acciones de los 

avatares son: una flecha que se asocia al avatar porque tiene el mismo color que su 

cabello y que reemplaza las funciones de la mano de señalar y agarrar los objetos para 

moverlos.  La cabeza puede tener cuatro posiciones que cambian la vista del escenario 
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para el usuario y que permiten ver a uno de los compañeros, a los dos en un punto 

medio y el área de trabajo.  Cuando un usuario habla, aparece junto a la cabeza de su 

avatar un globo de dialogo (ver Figura 3). 

 

Dos indicadores de aprendizaje colaborativo efectivo son facilitados en el entorno, la 

participación y el seguimiento de las fases de planeación, implementación y evaluación.  

Por lo tanto, dos procesos se monitorean paralelamente. La aplicación puede enviar 

mensajes de retroalimentación a los participantes, por ejemplo, sobre una baja o muy 

alta participación. Y respecto a las fases, por ejemplo, si los estudiantes inician la 

implementación sin haber hecho planeación, cuando trabajan con división de labor, o 

cuando tratan de dejar la sesión sin una fase de revisión.   

 

H2  
 
A través del análisis automático de la NVC dentro de este prototipo experimental, un 

facilitador virtual es provisto con las herramientas para guiar a los estudiantes hacia una 

sesión efectiva de aprendizaje colaborativo de acuerdo a ciertos indicadores. Por lo 

tanto la Hipótesis 2 de la tesis es aceptada. 

 
Conclusiones y Trabajo a Futuro 

 
Porque el Aprendizaje Colaborative requiere no sólo colaborar para aprender sino 

también aprender a colaborar, los estudiantes pueden precisar se les guíe tanto en la 

realización de la tarea como en aspectos concernientes a la colaboración (Jermann et 

al., 2004).  Para comprender la colaboración que tiene lugar mientras un grupo de 

estudiantes lleva a cabo una tarea, se ha propuesto un modelo basado en la 

comunicación no verbal que despliega su representación visual dentro de un Entorno 

Virtual, su avatar. De tal forma, que un tutor pedagógico virtual pueda facilitar este 

proceso de colaboración.  

 

Se ha desarrollado un esquema para conducir el análisis en el que se explica qué 

señales de comunicación no verbal pueden ser útiles para este propósito, cómo 

medirlas y cómo relacionarlas con ciertos indicadores de aprendizaje colaborativo 

efectivo. 
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El gran número de combinación de señales de comunicación no verbal, nuevas 

tecnologías para transmitir comportamientos no verbales del usuario a su avatar, así 

como los diferentes indicadores de aprendizaje colaborativo efectivo que dependen de 

las diferentes estrategias pedagógicas a seguir, hacen inviable corroborar todo el rango 

de posibilidades. No obstante, se llevaron a cabo estudios empíricos con algunas 

variaciones representativas que permitieron comprobar que es posible obtener medidas 

automáticas de señales de comunicación no verbal para facilitar la sesión de 

aprendizaje.  

 

El modelo se implemento en una aplicación prototipo, en una plataforma para el 

desarrollo de Entornos Virtuales Inteligente multiusuarios para la Educación y el 

Entrenamiento, para la que ha quedado muy importante trabajo futuro por realizar.  

Primordialmente establecer las implicaciones del facilitador en el proceso de 

colaboración del grupo, pero también en el desempeño de la tarea.  Otras posibilidades 

interesantes son probar incrementar el número de señales de NVC que puedan 

conducir una mejor comprensión de la colaboración, o mezclar la facilitación con tutoría 

sobre la tarea.  Si bien, su implementación es considerada como un ejemplo funcional 

de facilitación automática basada en señales de comunicación no verbal.  

 

Cabe mencionar que aún cuando el modelo se definió inicialmente para un entorno 

colaborativo de aprendizaje, éste es perfectamente adaptable para monitorear otro tipo 

de actividades en VEs como el entrenamiento o juntas virtuales.  Con este propósito, se 

requerirán otros indicadores que tendrán que ser probados.   

 

Considero éste un promisorio campo de estudio para auxiliar la colaboración interactiva 

de forma automática. 

 


