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Abstract. One of the most challenging aspects of Computer-Supported Collaborative Learning 
(CSCL) research is automation of collaboration and interaction analysis in order to understand and 

improve the learning processes. It is particularly necessary to look in more depth at the joint 

analysis of the collaborative process and its resulting product. In this article we present a 

framework for comprehensive analysis in CSCL synchronous environments supporting a problem 

solving approach to learning. This framework is based on an observation-abstraction-intervention 

analysis life-cycle and consists of a suite of analysis indicators, procedures for calculating 

indicators and a model of intervention based on indicators. Analysis indicators are used to 

represent the collaboration and knowledge building process at different levels of abstraction, and 

to characterize the solution built using models of the application domain, the problems to solve 

and their solutions. The analysis procedures combine analysis of actions and dialogue with 

analysis of the solution. In this way, the process and the solution are studied independently as well 
as together, enabling the detection of correlations between them. In order to exemplify and test the 

framework, the methodological process underlying the framework was followed to guide the 

implementation of the analysis subsystems of two existing CSCL environments. In addition, a 

number of studies have been conducted to evaluate the framework‟s approach, demonstrating that 

certain modes of collaborating and working imply particular types of solutions and vice versa. 
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1. Motivation 

Koschmann (1996) defines CSCL (Computer-Supported Collaborative Learning) as a new 

educational paradigm that studies the use of computer science technologies to support 

collaborative approaches to learning based on socially-inspired theories. Following this 

paradigm, computer networks and specific groupware developments have been able to 

interconnect the users (learners and teachers), to provide representations for expressing shared 

knowledge and cognitive artefacts, and to create shared workspaces in which to carry out 

collaborative learning tasks. However, the use of this technology in an effective way to 

analyze the learners‟ collaboration and interaction processes is at present an interesting and 

challenging research problem. Thus, Collaboration and Interaction analysis has emerged 

during recent years as a research sub-area within CSCL (Dimitrakopoulou et al., 2004). The 

analysis aims to clarify what types of collaborative interactions have occurred and what 

educational benefits have taken place (Dillenbourg et al., 1996). 

Most of the work in collaboration and interaction analysis involves hands-on, in-depth 

analysis techniques that are costly and non-scalable (see, e.g., Luff & Heath, 2000; Arnseth et 

al., 2001). So, there is a real need to develop computer support to assist teachers and 

evaluators in the complex task of analysis (Inaba et al., 2001; Avouris et al., 2002; Martínez et 

al., 2003). A number of approaches have been proposed for automatic analysis (Jermann et 

al., 2001). Such approaches have focused predominantly on analyzing specific collaboration 

channels (Daradoumis et al., 2006), such as the students‟ actions and/or dialogue, and have 

played down the importance of the analysis of the product (or artefact) collaboratively built, 

which provides a representation of the time-independent aspects of the result of the students’ 

actions. In addition, work in this sub-area has produced a number of specific methods and 

tools, but only a few frameworks for designing and implementing analysis facilities have been 

proposed. 

Consequently, there is a lack of analysis frameworks and comprehensive approaches that 

consider both process and product. We address this research question in this article, and we 

do so by contributing an innovative theoretical framework for comprehensive process-product 

analysis. The framework is especially oriented toward distributed synchronous CSCL 

environments that follow a problem solving approach to learning. Learners in these 

environments create and test models (solutions) in shared media spaces, communicate while 

carrying out learning tasks, and coordinate their activities through discussion and decision-

making. 

A framework provides a guide and structure, in the form of information elements, upon 

which to develop or evaluate specific systems (see, e.g., Tam & Greenberg, 2006). The 

analysis framework we propose is based on an observation-abstraction-intervention analysis 

life-cycle and consists of a suite of analysis indicators, procedures for calculating indicators, 

and a model of intervention based on indicators. An analysis indicator is an information 

element that says something about either the quality of the individual activity, the mode of 

collaboration or the quality of the collaborative product (Dimitrakopoulou et al., 2004). The 

indicators combine and abstract raw data, intermediate metrics and evaluator‟s opinions, 

offering a high level interpretation. The analysis procedures underlying the framework are 

automatic and require the evaluator‟s participation only for configuration and calibration 

purposes. This is a step forward in supporting human execution of collaborative learning 

analysis tasks mediated by computer tools. 

Such a framework would be useful, firstly, to teachers and evaluators, since it provides a 

conceptual basis that helps them to identify relevant information and thus to express their 

requirements with regard to analysis. Secondly, the developer, guided by the framework, 
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would use this specification of requirements to instantiate the models and procedures of the 

framework and thus to produce an appropriate analysis subsystem. Finally, teachers and 

evaluators would be able to use these tools to carry out their analysis tasks, understanding and 

assessing the students‟ collaborative work and learning. Furthermore, the end users of the 

learning environment (students) are also target users of the framework because they would 

receive feedback in the form of indicators. An example of utilization of the framework is 

within the setting of the analysis of collaborative learning of modelling with use cases. In 

software engineering, use cases allow one to represent the functionality of an information 

system. The practical learning of this domain is usually supported with a groupware CASE 

(Computer-Aided Software Engineering) tool. An analysis subsystem to be incorporated in 

the CASE tool would be implemented using the framework, so that the evaluators would have 

an automatic support available for analysis of the collaborative learning activities. This setting 

can be extended to many other domains outside software engineering, including computer 

programming, architectural design, modelling in physics, etc. 

This article focuses on presenting the analysis framework, its construction and its 

validation. Firstly, we discuss the analysis traditions that inspire our work. Our framework is 

described in depth in Section 3, beginning with its structure, methodological approach and the 

analysis life-cycle it supports, and followed by the indicators, models and procedures of 

analysis. Section 4 gives examples of the use of the framework in the development of two 

specific analysis subsystems. Section 5 reviews some CSCL systems that analyze 

collaborative problem solving. A study conducted to evaluate the framework‟s approach is 

then presented. Finally, in Section 7 some conclusions are drawn and future research is 

outlined. 

2. Previous work 

2.1. Process analysis tradition in CSCL 

Most research concerning collaboration and interaction analysis has focused on analyzing 

the verbal interaction between the participants (Mühlenbrock & Hoppe, 2001). This has been 

influenced by cognitive psychologists‟ interest in studying the role of dialogue or 

conversation in collaborative learning settings (see, e.g., Dillenbourg et al., 1996). Thus, the 

first CSCL systems, following the Dialogue Theory (see, e.g., Walton, 2000), supported 

students‟ knowledge building and negotiation by means of dialogue tools. C-CHENE (Baker 

& Lund, 1997) and EPSILON (Soller & Lesgold, 2000) are representative systems that focus 

their analysis on the communicative acts. The next step in supporting collaborative learning 

was to provide shared workspaces in which students could build artefacts (graphically 

represented) by means of direct manipulation of domain objects. Thus, some CSCL systems 

supported problem solving processes, where students had to build a product (solution). 

Mühlenbrock (2001) proposed action-based collaboration analysis as an approach for 

automatically generating a higher level description of the group activity for such systems. 

This approach provides a degree of abstraction, so that events are grouped and interpreted in 

terms of problem solving actions related to the collaborative tasks carried out in these 

workspaces. CARDBOARD (Mühlenbrock & Hoppe, 1999) and COLER (Constantino-

González et al., 2003) exemplify this action-based analysis. These approaches can be 

complemented with an ethnographic approach. Ethnography is a socially-oriented method for 

studying human behaviour to which CSCW (Computer-Supported Cooperative Work) 

researchers, in particular, have turned for insight into context and situated practice (Macaulay 

et al., 2000). However, although ethnography is a very helpful tool for identifying relevant 

aspects of collaborative learning, it does not usually provide quantitative results, and the use 

of its techniques is a time-consuming and challenging activity. 
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The analysis of dialogue and actions takes into account only the process carried out by the 

students. When the aim is to understand the collaborative work and learning that have 

occurred, the solution produced is as important as the process carried out to build it. This 

solution is the fruit of the collective work and its properties represent the achievement (or non 

achievement) of certain learning objectives. A solution to a problem is usually a complex and 

compound artefact that is built incrementally. Such a solution, expressed in a suitable 

representation, helps the students structure their knowledge and directs their communication 

and shared work. With this in mind, some CSCL systems have paid attention to the solution 

components, that is, to the objects that make it up, but not to the solution itself as an entity 

with identifiable characteristics. Two examples of this are OCAF (Avouris et al., 2002) and 

SINERGO (Avouris et al., 2004). However, the solution itself can be analyzed and related to 

the collaboration process, taking into account certain knowledge about the problem to be 

solved. This requires the availability of either an automatic system capable of solving 

problems, like some ITS (Intelligent Tutoring Systems), or schemas or characteristics of 

acceptable or ideal solutions. 

2.2. User modelling and solution analysis in ITS 

Analysis of the solutions built by learners has been the focus of research in the ITS field. In 

this area, artificial intelligence techniques are used to improve the learning processes by 

providing every student with a personal (intelligent) tutor (Lepper et al., 1993). ITS are based 

on the concept of knowledge processing model: the system maintains a user model and a 

domain model, which are used by a tutor component to generate an instructional strategy. 

BELVEDERE (Paolucci et al., 1996) and KERMIT (Suraweera & Mitrovic, 2002) are two 

examples of solution analysis systems using domain and student knowledge to provide 

feedback. 

2.3. Bringing together the CSCL and ITS analysis traditions 

In CSCL systems, control is on the learner‟s side, in line with the learning principles 

underlying these systems. Therefore, the focus of the automatic analysis has been to record 

the actions carried out in order to display computed attributes as an element of awareness for 

the students or the teacher. Usually these systems do not try to maintain a learner model or a 

solution model to, for instance, support the adaptation of the user-system interaction. On the 

contrary, the main need of ITS is to maintain a learner model in order to plan and control the 

learning process of a curriculum adapted to the student. 

For our purposes, some aspects of each tradition are necessary to advance in the analysis 

research sub-area. Thus, our analysis approach, in the form of a framework, brings together 

the process analysis tradition of CSCL and the solution analysis and user modelling of ITS in 

order to tackle the lack of comprehensive process-solution analysis approaches in the 

literature. The process analysis of the framework is action-based, and both the dialogue and 

the problem solving actions of the students are taken into account. Its solution analysis uses a 

model of the problem solving domain as well as knowledge about the type of problems, which 

includes the structure, characteristics and components of the solution to be built. These 

models, together with the user and group models in the form of homogeneous sets of 

indicators that result from the process analysis, constitute knowledge processing models much 

like those used in ITS. 

An analysis indicator (variable which describes “something” of interest related to the 

process or product of collaboration) is therefore an element of central importance within these 

learning systems and one on which our framework is grounded. Dimitrakopoulou et al. (2005) 
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classify analysis indicators according to their interpretative value, purpose, scope of analysis 

and point of view. With regard to interpretative value, an analysis method produces values for 

high, intermediate and low level indicators. The purpose of an indicator is expressed as 

cognitive, related to cognitive operations in the context of the learning activity; social, related 

to the collaboration in a group; and affective, related to the emotional situation of the user. 

With regard to the scope of analysis, the indicators can refer to the process or the product of a 

learning activity. With respect to the point of view, the indicators give information concerning 

either specific individuals or a group. 

3. A framework for process-solution analysis 

Our analysis framework applies to synchronous CSCL environments that support modelling 

and testing tasks in a problem solving approach. The modelling consists of building an 

artefact or design that represents a solution to the problem. The users can test this artefact by 

means of simulation or other techniques to check its validity as a solution. Both tasks can be 

divided into subtasks. Each one is carried out in a shared workspace that is differentiated but 

also integrated with the rest and includes collaboration support tools.  

Such a CSCL environment is represented by the functional organization shown in Fig. 1. 

Three subsystems are identified in this generic structure: (1) Activity Definition, (2) Problem 

Solving, and (3) Activity Monitoring and Analysis. Three types of actors are involved: 

student, teacher and evaluator. The teacher uses the first subsystem to organize the users in 

groups and to define and outline problem solving activities. This task includes the definition 

of information related to the domain and to the set of assigned problems. The students use the 

second subsystem to solve the problems. The evaluator uses the Activity Monitoring and 

Analysis subsystem initially to configure the analysis and then to observe the functioning of 

the group and for evaluation purposes. 

Solution
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Actions
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Fig. 1. Actors, subsystems and architecture of the analysis framework. 

The framework deals with three analysis procedures: process, solution and global (process-

solution). The information used to carry out the analysis is extracted from multiple sources. 

The record of the users‟ work (actions) and the information about the learning activity are the 

basis for the process analysis. The modelling of the domain, the problems to be solved, the 

organization of the learning activities and the students‟ solutions themselves are the basis for 
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the solution analysis. As shown in Fig. 1, these two analyses (process and solution) generate 

values for three sets of indicators representing the group work, the user individual work and 

the solution. A third scope of analysis, the global analysis, allows the calculation of global 

indicators and of significant associations between process and solution indicators. 

3.1. Framework foundations and structure 

Most analysis approaches, independent of the techniques they may use, propose an analysis 

life-cycle with three phases: (i) observation, in which raw data are collected by observing and 

recording the users‟ actions; (ii) abstraction, in which data are processed and transformed into 

high level analysis indicators; and (iii) intervention, in which indicators are interpreted and 

different forms of feedback are presented. The framework we propose is based on this life 

cycle, and, consequently, any analysis system developed using the framework as a basis 

should also support the phases of observation, abstraction and intervention. At the structural 

level, it consists of three components: 

 Guidelines for deriving low level indicators and a suite of specific intermediate and high 

level indicators. 

 Methods or procedures of analysis to calculate the indicators and facilitate their 

interpretation. 

 An abstract model of intervention describing the potential uses of the analysis results, i.e., 

the indicators. 

Following Barros & Verdejo (2000), we considered three types of indicators. Calculated 

indicators are low level indicators that count actions or the time that has passed. They take the 

form of numeric variables. Subjective indicators are intermediate level qualitative indicators 

that are computed using calculated indicators and the evaluator‟s assessment of the process 

and product, so that they represent his/her point of view. Inferred indicators are high level 

qualitative indicators that are generated from calculated and subjective indicators, from other 

inferred indicators, and from information about the learning activity. 

The utilization of the framework must follow a specific methodological process made up of 

the following stages: 

 The teachers must specify the application domain and the structure of a problem. 

 The evaluators must (i) define calculated indicators following the guidelines and select 

subjective and inferred indicators from the suite proposed by the framework; (ii) tune the 

inference engine of the analysis procedures by assigning weights for the subjective 

indicators and defining ranges and rules for the inference functions; and (iii) specify a 

model of intervention. 

 The developers implement the analysis subsystem using all of the specifications of both 

teachers and evaluators. 

The framework‟s indicators, models and procedures of analysis are described below 

according to the aforementioned analysis life-cycle. 

3.2. Observation phase 

The observation phase consists of the automatic collection of data about the users‟ work 

from which to compute calculated indicators. The first step is to establish which data are 

relevant and how they should be recorded for later processing for both process and solution 

analysis (see Fig. 1). 
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3.2.1. Observing the process 

We consider that each task in a learning environment (e.g., design, definition of parameters, 

etc.) is carried out by means of a set of actions (e.g., inserting an element, proposing a value 

for a variable, etc.). Each action is carried out by means of a set of user interactions with the 

interface (e.g., writing in a text box, clicking with the mouse, etc.), which are commonly 

called interactions or events. According to our framework, data should be recorded at the 

level of tasks and actions, but not of events. In this article we use the term actions to refer to 

both individual actions and collaborative actions carried out in a shared way by several users.  

In a problem solving CSCL environment the students carry out two different cognitive 

tasks (Baker & Lund, 1997): solving the problem (e.g., modelling, simulating, etc.) and 

collaborating. Collaboration requires dialogue, coordination and decision-making. 

Consequently, the framework identifies the following action types to be considered for data 

collection: actions in relation to problem solving tasks, communication actions, coordination 

actions, and actions in relation to decision-making. The evaluator should identify the relevant 

user actions for a specific system taking these action types as a basis. From the developer 

point of view, the utilization of specific user interface objects should be monitored to 

recognize these actions in the users‟ activity. With regard to communication, the use of 

sentence openers allows the categorization of communication acts into finer-grained actions; 

this is a compromise solution that avoids the problem of natural language understanding or 

the difficulty of content analysis. The actions are commonly recorded in logs (stored in file or 

database systems). Examples of specific action types will be presented in Section 4. 

3.2.2. Representing the solution 

Representation of the knowledge about a domain embedded in a learning environment is 

challenging. Our analysis of a problem solution (a specific model) is based on two types of 

knowledge: the problem for which this specific model should be a solution, and all possible 

solution models in the application domain defined in terms of a formal language. The 

challenge is to find a suitable level of representation and abstraction for this formal 

description, both for domains and problems. As a compromise between a completely domain-

independent option, usually neutral but too weak to be useful, and the domain-dependent 

systems, which offer more specific functionality but are costly to adapt to another domain, our 

approach proposes a representational meta-level for describing a domain (e.g., modelling with 

use cases) in terms of the set of types of objects available (e.g., actor and use case) and the 

relationships between them (e.g., use, inclusion, extension, inheritance). Additional elements 

of such an abstract domain model (Table 1) include the variables or general attributes of the 

domain, the rules for model building, and a behaviour model that specifies the evolution of 

the state of the objects over a period of time. 

Table 1. Abstract domain model. 

Components of the abstract domain model 

Set of object classes 

Set of object attributes 

Set of relationship types 

Domain attributes 

Domain semantic constraints (model building rules) 

Domain behaviour model 

 

Once we have this generic abstract model, i.e. the computational formalism to describe 

domains, this has to be instantiated with specific types of objects and relationships in order to 

obtain the representation language for a particular domain, i.e. a specific domain model. An 

instance of such a model would be therefore a specific solution to a problem in the given 

domain (e.g., a concrete use case diagram). Thus, a solution to a problem consists of a 
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specific set of objects, the values given to their attributes, a set of instances of relationships, 

and the values given to the domain variables. Solutions expressed in this way are typically 

stored in relational or object-oriented databases. 

Most modelling systems do not have a representation of the problems that the students must 

solve. For this reason, these systems cannot extract information about the degree to which a 

solution fulfils the problem objectives. In our framework, we describe a problem in terms of a 

set of attributes (Table 2) that explicitly state the requirements to fulfil, the constraints that the 

problem imposed, a scenario for the problem solving (expressed as specific values for the 

domain attributes), some suggestions and hypotheses for testing the solutions, a family of 

ideal solutions (if it exists and is applicable in the domain) and other relevant information. 

Table 2. Problem model. 

Components of the problem model 

Problem formulation (objectives) 

Complexity level 

Problem size 

Requirements 

Constraints 

Values for the domain attributes 

Test cases 

Test hypotheses 

Ideal solution 

3.3 Abstraction phase 

The next phase of the analysis consists of processing the data collected. The logs and the 

persistent object models can be analyzed using statistical calculations that generate 

quantitative information. However, a purely quantitative analysis leaves a lot of interpretive 

work for the evaluator. A qualitative approach would facilitate this interpretation and it is 

therefore seen as more promising, providing a level of abstraction that goes from raw data to 

qualitative indicators. 

The procedure of qualitative analysis we specify as a framework component is based on the 

analysis method of DEGREE (Barros & Verdejo, 2000), which was first designed for the 

analysis of student group work during the execution of a task involving document 

asynchronous co-editing. The essential characteristic of this environment is the use of fuzzy 

inference to derive conclusions, expressed as values of qualitative indicators, about the 

collaboration process. At the calculation level, the high level indicators are modelled as fuzzy 

sets made up of linguistic labels. This requires functions to model a variable as linguistic 

based on a quantitative value and to perform the inverse operation. The method requires the 

evaluator‟s participation to define numeric ranges for such functions, to calibrate some 

coefficients (weights) for the subjective indicators and to specify a set of interpretation rules 

to infer the values for the high level indicators. 

We have adapted and extended the analysis indicators proposed by DEGREE taking into 

consideration the new setting of synchronous collaboration, the new types of tasks and actions 

implied by a structured process of problem solving by means of modelling, and the necessity 

of also analyzing the solution. For this purpose, some indicators have been reinterpreted and 

new ones have been proposed. 

The users‟ activity is abstracted and represented in a number of indicator-based analysis 

models at different scopes of analysis and points of view. These models include user analysis 

model, group analysis model, solution analysis model, global analysis model and model of 

process-solution relationships. The suite of indicators, organized according to their 

interpretative value, and the analysis models are presented below. 
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3.3.1. Calculated and subjective indicators 

The framework does not propose a specific set of calculated indicators for process analysis, 

but it provides some guidelines for identifying concrete calculated indicators for a specific 

CSCL environment. These indicators typically count or measure three types of things from 

the log: (i) actions (whatever their granularity) of the same user or group in one or more tasks, 

(ii) the percentage of user actions in relation to those of other users, or (iii) a duration or 

average time. From this basis, the evaluator should define quantitative indicators according to 

their purpose, and associate them with tasks and actions in the CSCL environment; these 

actions had been previously specified in the observation phase (see Section 3.2.1). Thus, 

problem solving actions belong to the cognitive dimension, while communication, 

coordination and decision-making actions are related to the social dimension. These indicators 

would refer to group or individual work, though some individual indicators are commonly an 

adaptation of group indicators. 

With respect to solution analysis, a mixed approach that takes advantage of the modelling 

of both domain and problem (see Section 3.2.2) is followed. The degree of fulfilment of the 

domain building rules, the requirements and the constraints is calculated by a checking 

process (either automatic or manual) on the solution, which is a persistent object model. At 

the same time, the students‟ solution is structurally matched to the family of problem 

solutions, evaluating the objects and relationships according to whether they are present or 

missing in these ideal solutions. Bravo et al. (2006b) exemplifies this approach with an 

automatic matching procedure to evaluate solutions to modelling problems in the domain of 

system dynamics. In this way, such checking and matching processes produce quantitative 

indicators for the solution. 

Subjective indicators are used to reflect the evaluator‟s opinion about the problem solving 

process. The evaluator must assign a weight to each action type for each subjective indicator 

related to this process. The value of a subjective indicator is then calculated by adding the 

weights of all the actions logged for the task under analysis. The indicators considered, shown 

in Table 3, are those proposed by Barros & Verdejo (2000). The subjective indicators for the 

solution (Table 3), which are qualitative, are directly calculated by the evaluator by means of 

the subjective evaluation of the solutions and of the process of solution testing using cases 

and hypotheses. To accomplish this, the evaluator can attend the working sessions and can 

also use tools to visualize the solutions in order to gather information to facilitate his/her 

evaluation task. 

Table 3. Subjective indicators that characterize the process (top) and the solution (bottom). 

Subjective indicator Indicator’s concept 

Process scope  

Initiative Degree of involvement in and responsibility for the task 

Creativity Degree of complexity and originality of the work 

Elaboration Degree of workload required 

Conformity Degree of agreement 
  

Solution scope  

Variable_Subjective_Assessment Assessment of the values defined for the domain variables 

Model_Subjective_Assessment Assessment of the object model designed as a solution 

Testing_Subjective_Assesment Assessment of the process of testing the solution 

3.3.2. Individual and group models of analysis 

The framework provides an abstract representation of the users‟ work and collaboration 

through explicit models containing a number of inferred indicators. Two different models are 

proposed for representing the user‟s and group‟s activity respectively (Table 4). The selection 

of the indicators was primarily inspired by the works of Barros & Verdejo (2000) and Soller 

(1998), and follows the hypothesis that a better collaboration process leads to better learning. 
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Since its proposal by Slavin (1983), who pointed out the advantages of collaborative learning 

under specific conditions, this hypothesis has been widely validated in the CSCL literature. 

Table 4. User analysis model (top) and group analysis model (bottom), which contain inferred indicators that describe the 

process from two points of view: user and group. 

Inferred indicator Purpose Indicator’s concept 

User point of view   

Discussion Social Individual attitude toward the interchange of ideas 

and discussion 

Modelling Cognitive Individual modelling work 

Work_User Cognitive User‟s dedication to the problem solving task 

Speed Cognitive/Affective Speed of the user when working and when he/she 

replies to other users 

Attitude Affective User‟s willingness to accomplish the task 

Participation Affective Individual attitude toward collaboration 

   
Group point of view   

Communication Social Group‟s communication and discussion 

Coordination Social Degree of interaction among the group members to 

orchestrate the activities  

Work Cognitive Group‟s dedication and effort to solving the problem 

Velocity Cognitive/Affective Group‟s speed at carrying out the work 

Experimentation_Willingness Affective Group‟s willingness to test the solutions 

Collaboration Social Collaborative attitude of the group during the 

execution of the task 

 

We selected the indicators in relation to their purpose. At the social level, in the problem-

solving context underlying the framework, it is clear that the students must collaborate in 

order to successfully solve the problem; this requires them to exchange information, 

coordinate their actions and reach agreements (Baker & Lund, 1997). Therefore, to assess 

these aspects, we propose the Communication, Coordination and Collaboration indicators to 

characterize the group work, and Discussion for the individual work. 

Regarding the cognitive level, it is an intuitive idea that the amount of individual and 

collective work carried out should contribute to better shared knowledge building. Obviously, 

it is not always like that, but it seems that to learn a domain well requires considerable work. 

Therefore, we proposed the Work indicator for the group, and Modelling (specific work in 

modelling) and Work_User for the individual. Once students have begun to acquire skills and 

competencies in a domain, it becomes increasingly easy for them to apply their knowledge 

and therefore work faster. We have also hypothesized that speed of work can be another 

component for assessing the students‟ work process; for this reason, we considered the 

Velocity indicator for the group work, and the similar Speed indicator for the individual work. 

The speed (or velocity) can also, however, refer to the speed of reply (to an action); in this 

case this variable would fall more into the affective dimension, since it would be an indicator 

of motivation. 

According to modern learning theories, seeing the student as an active agent is becoming 

increasingly more important (Van Joolingen, 2000). This is especially the case for simulation-

based learning environments. The students‟ participation, motivation and active behaviour 

thus become requirements for knowledge building and the generation of learning. 

Accordingly, the Experimentation_Willingness indicator in the group work, and the Attitude 

and Participation indicators at the individual level assess these behaviours; they partially 

belong to the affective dimension. 

This selection of indicators was further reinforced by our observations of students when 

solving problems in groups in different design domains (software modelling, system 
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dynamics, etc.) in computer classrooms: the students who collaborated better, worked more 

and had a more positive attitude, and they also built better solutions in general. 

3.3.3. Solution analysis model 

The qualitative indicators that characterize a solution (Table 5) represent the degree to 

which a solution solves a problem. Their selection took into account the opinions of teachers 

and experts regarding the desirable characteristics of a good design, which were gathered in a 

series of interviews. Moreover, we have studied different design domains, such as home 

automation, circuit design, software modelling, system dynamics, etc. We have thus identified 

three types of characteristics: those concerning solution building aspects, which are more 

related to the domain; those concerning the accuracy of the solution as a correct problem 

solution, which are more related to the problem; and those concerning other aspects. These 

characteristics are all cognitive in nature. 

Table 5. Solution analysis model, which contains inferred indicators that describe the solution. 

Inferred indicator Indicator’s concept 

Solution scope  

Well_Formed Degree to which a solution is well built, following the domain semantic rules 

Accuracy 

 

Assessment of whether the solution solves the problem by meeting the 

objectives, expressed in the form of requirements 

Validity Degree to which a solution satisfies the problem constraints 

Testability Degree to which the solution could be tested  

Difficulty Indication of the solution difficulty, calculated directly using the problem data 

Cost Cost of the solution  
Quality General indicator that gives an indication of the solution quality, aggregating 

the rest of the indicators 

 

With respect to solution building aspects, it is obligatory for a design to be built according 

to the domain building rules (syntax and semantics); if not, the users cannot run it to test it or 

to experiment with it. We therefore selected the Well_Formed indicator. Regarding problem-

related aspects, meeting the problem requirements or objectives is obviously a strong 

necessity in learning by problem solving, but this is also true in many other technical areas. In 

real engineering projects the designs are, in much the same way, subject to many constraints 

that must be satisfied and that represent modelling limitations. We therefore considered the 

Accuracy and Validity indicators, respectively. Other indicators related to interesting solution 

properties are Testability, which represents the possibility of testing the solution, Difficulty, 

Cost and Quality. Most of these properties represent an estimate of the students‟ knowledge 

and skills. For instance, if the solutions built by the students are well formed, it can be 

assumed that they know how to build solutions according to the domain syntax and semantics, 

and that they have therefore acquired skills that help them build models in a particular 

domain. 

Fuzzy inference techniques are applied once again to obtain the inferred indicators 

concerning the solution. The graph on Fig. 2 shows a representation derived from a set of 

inference rules relating the calculated, subjective and inferred solution indicators. A + sign on 

the arc indicates that the relationship is directly proportional, which means that when the 

antecedent indicator increases, the consequent indicator increases (in greater or less quantity), 

and that when the antecedent indicator decreases, the consequent also decreases. A - sign 

indicates that the relationship is inversely proportional. The thickness of the arc stroke 

indicates whether the weight of the antecedent indicator in the calculation of the consequent 

indicator is very significant (thick stroke) or not (thin stroke). For example, Quality is 

obtained from Accuracy, Model_Subjective_Assessment, Cost, Validity and Testability. 
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Fig. 2. Graph describing the relation between calculated, subjective and inferred solution indicators. 

3.3.4. Models of process-solution global analysis 

Up to now, we have presented independent analysis models containing homogeneous sets 

of indicators. However, the individual, group and solution analysis models presented above 

could be taken to a further level. In order to have a global view of the learning activity carried 

out, the same inference mechanisms proposed can be applied to obtain global indicators using 

indicators from the different analysis scopes and points of view, thus arriving at a global 

analysis procedure. An example is the calculation of an indicator called Evaluation using 

Collaboration, Participation and Quality. Table 6 depicts the three global indicators proposed 

in the framework that constitute the global analysis model. 

Table 6. Global analysis model, which is made up of inferred indicators that describe the learning activity. 

Global indicator  Indicator’s concept Used indicators 

Effort Effort to meet the problem requirements Work_User 

Work 

Accuracy 

Error_Correction_Work Collaborative work at correcting basic errors Collaboration 
Validity 

Task_Engagement Engagement in carrying out the task Attitude 

Velocity 

Testability 

 

As a way to study relationships among process indicators and solution indicators, the 

framework includes a model for quantifying the degree to which an inferred process indicator 

is correlated with an inferred solution indicator. This is called the model of process-solution 

relationships. For example, it would be interesting to determine whether the group has 

communicated and the individual participants have had positive attitudes when they have 

together built correct and valid solutions. The framework includes an algorithm based on a 

nonparametric statistic to compute this model. Specifically, since the indicators are nominal 

and ordinal variables, three measures of association are proposed (Siegel & Castellan, 1988): 

Gamma and Kendall‟s tau-b, which are symmetric, and Somers‟ d, which is asymmetric. The 

algorithm contrasts the set of values obtained for a process indicator with the set of values for 

a solution indicator for all learning activities, that is to say, for all of the groups of students 

who have solved the problems. This is repeated for all possible pairs of indicators. It should 
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be taken into consideration that a single value (e.g., the average) is used to represent all users‟ 

process indicators, instead of one for each user. The algorithm thus generates a list of 4-tuples 

containing a pair of indicators, one for the process and one for the solution, together with their 

degree of relationship represented by the value of the statistic and its significance level. 

This algorithm is quite important from the point of view of the user of this analysis 

framework. Specific process indicators concerning desirable solution characteristics are 

highlighted. With this information, the teacher can improve his/her learning management 

tasks. The evaluator can attend to these significant indicators in his/her evaluation task and 

the revealed relationships help him/her understand the students‟ learning and problem solving 

processes at a global level. In addition, these relationships allow the students to identify the 

types of behaviours that are related to specific desirable solution attributes. This will enable 

them to develop such behaviours in order to improve their solutions. 

3.4. Intervention phase 

The indicators that result from the analysis can be exploited for different purposes. Jermann 

et al. (2001) classifies CSCL systems in relation to the use they make of the analysis results in 

three categories: (i) systems that display interaction data to the collaborators; (ii) systems that 

model the state of interaction and show it so that the collaborators self-diagnose their 

interaction; and (iii) systems that give advice with the aim of increasing the effectiveness of 

the learning process. The abstract model of intervention included in the framework supports 

these types of system interventions. This model identifies six dimensions: the information 

used to intervene, the moment at which to intervene, the target user, the workspace in which 

to intervene, the form of intervention and the conditions established for the intervention, 

which can determine the amount or form of the help. Table 7 shows these dimensions and 

their intervention scopes, which clarify the different types of information used or the different 

modes of system performance for intervention purposes. 

Table 7. The abstract model of intervention of the framework. 

Intervention dimension Intervention scopes for the dimension 

Information User analysis model 

Group analysis model 

Solution analysis model 

Global analysis model 

Model of process-solution relationships 

Time During the task 

After the task 

Target user Student 

Teacher 

Evaluator 

Place The workspace supporting the task 
A separate workspace 

Form Show graphical or textual information 

Adapt the user interface and/or the system behaviour 

Conditions State of the work process 

State of the solution 

Activity help level 

Problem difficulty 

Time passing 

 

The different analysis models can be computed during the problem solving process, with 

the exception of the model of process-solution relationships since its calculation is time 

consuming and it should be carried out prior to the activities. The evaluator can specify 

concrete types of interventions to be incorporated in the system by selecting intervention 
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scopes and combining the different dimensions. Some examples related to the second and 

third type of systems above are the following: 

 During problem solving, the system can make the solution analysis model visible. Through 

reasoning about its indicators, the students can focus on related aspects such as 

requirements, constraints, etc., and thus they can refine their solutions. 

 The user analysis model and the group analysis model can be shown appropriately to the 

students so that they can improve their meta-cognition and self-regulation of their learning 

activity. 

 The information provided by the different models, including the models of global analysis, 

can be used by the teacher to think about and redesign his/her educational method, and by 

the evaluator to assess the solutions and the students‟ participation, during or after the tasks. 

Besides giving general guidance or advice in the form of help messages, a system 

implementing the analysis procedure can consult the indicator models and be adaptive. The 

system can make recommendations regarding problem selection or change the system-user 

interface by, for instance, comparing the indicator values with an ideal model. 

4. Applying the framework 

In order to exemplify the utilization of the framework and to explore its suitability as a 

vehicle for the development of analysis support, the analysis subsystems of two specific 

CSCL environments, namely COLLECE and DomoSim-TPC, developed on the basis of the 

framework, are presented. The methodological process outlined in Section 3.1 was followed 

in this development. 

4.1. The COLLECE system 

COLLECE (COLLaborative Editing, Compilation and Execution of programs) (Bravo et 

al., 2007) allows geographically distributed students to edit a Java program or code fragment, 

to compile it and to run it collaboratively. The system provides a shared workspace that 

supports an explicit workflow: first, the students create a program using a shared text editor; 

then, they are able to compile the program, receiving a list of compilation errors; finally, they 

can execute the program provided a compiled program is available. To support such a flow, 

the user interface of the system includes four main areas (Fig. 3): the editing area at the top 

(a), the console in the middle (b), the chat at the bottom (c), and the session panel on the right 

(d). The console shows both the compilation errors and the execution outcome. In addition, 

two system functions allow the students to consult the problem formulation, in order to know 

which program they have to create, and the compilation statistics, so that they are aware of 

their more frequently made mistakes. 
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Fig. 3. The COLLECE workspace. 

Communication and coordination tools are available in the workspace for use when 

required. Communication is realized by means of a chat with sentence openers (Fig. 3-c). 

Coordination processes are modelled with a simple protocol of actions extracted from natural 

language. In order to regulate control of the editor floor, three speech acts are used: Request 

the editing turn, Give and Don’t give. With these acts, a student can request the editing turn 

and his/her fellow students can express their agreement or disagreement (e). When all the 

users in the group agree, the turn is assigned. Similar acts are used for coordinating when to 

compile (f) and when to execute the program (g). COLLECE deals with the problems of 

awareness by providing a number of techniques that can inform about people, their state and 

their actions, such as pictures, user‟s state, tele-pointers, lists of interactions, semaphores, and 

so on. For organization purposes, the system includes tools to be used by the teachers for 

managing users, groups and learning activities, also called sessions. 

The programming domain is easily expressible by means of an object-oriented model that, 

however, is usually manipulated not in a visual graphical way but by using textual tools. This 

domain model is derived from the formal grammar of the programming language. A Java 

program is made up of some imports and a set of classes. Each class includes a declaration 

and a body. A body contains a sequence of instructions and so on. Implicit relationships (of 

membership and sequential order) relate these elements. 

According to the problem model, in COLLECE a problem includes, apart from complexity 

and size, requirements, constraints and, potentially, hints for testing the programs, which are 

specified by the teachers in natural language. This problem formulation can be consulted by 

the students using the Problem button (Fig. 3-h). 

Following the guidelines of the framework, the identification of the calculated indicators 

started from the examination of the possible action types. In COLLECE, problem solving 

actions are those related to editing, compilation and execution of programs. Communication 

actions refer to the dialogue among the users using the chat. Coordination actions are the 

proposition, agreement and disagreement actions of the three coordination processes (see Fig. 

3-e, f, g). Then, a number of specific calculated indicators were defined. Table 8 illustrates 

some of them from the user and group point of view. 
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Table 8. Some calculated indicators identified in the analysis subsystem of COLLECE. 

Calculated indicator Indicator’s concept 

User point of view  
UVT Working velocity, calculated as the relation between editing work and 

editing time 

UNPC Percentage of proposals of another user that the user answered 

URRP Average reply time of the user to the proposals of the other users 

UNMDE Percentage of chat messages sent when another user was editing 

  

Group point of view  

GTT Total working time of the group 

GIPC Percentage of proposals that were replied to within the group 

GTRm Average reply time used for replying to a proposal within the group 

GEE Editing disequilibrium, measured as the standard deviation of the 
percentages of editing actions of the group‟s users 

GEC Communication disequilibrium, measured as the standard deviation of the 

percentages of communication actions of the group‟s users 

 

All of the subjective and inferred indicators proposed by the framework (see Sections 3.3.1, 

3.3.2 and 3.3.3) were selected for analysis in COLLECE, since the evaluators considered all 

them applicable and useful. At a process scope, Fig. 4 depicts some inference schemes used to 

derive inference rules for calculating two inferred indicators. In the analysis subsystem of 

COLLECE, the creation of rules is aided by a generator of inference rules. The group‟s 

collaboration is computed using GEE, GEC (see Table 8), Coordination, Communication and, 

with weaker influence, Initiative and Conformity. The user‟s speed is calculated using URRP 

(expressed in seconds) and UVT (expressed in characters manipulated per second) (see Table 

8); URRP, which is a time variable, influences Speed in an inversely proportional way. The 

following two rules exemplify this: 
URRP=H  UVT=L  Speed=L 

URRP=L  UVT=L  Speed=I 

 

Fig. 4. Some inference schemes used in the analysis subsystem of COLLECE. 

In some problem solving activities carried out with COLLECE (see Section 6), UVT 

ranged from 0.002 to 0.695 characters per second in the activity CS1 (see Table 10), from 

0.020 to 1.405 in CS2, and from 0.052 to 1.246 in CS3, with an average of 0.301, 0.524 and 

0.415 respectively. All the averages are quite close, which suggests that the variability of 

UVT is low. 

 Regarding the solution analysis (see Fig. 2), the number of objects is interpreted as the 

number of instructions plus the LOC (lines of code); the domain building rules are the rules of 

program building, which are checked by the compiler; the definition of variables and the 

Variable_Subjective_Assessment are not used because in this case the domain does not have 

attributes; test cases and hypothesis are not considered; and so on. Consequently, the 

inference scheme outlined in Fig. 2 for calculating the solution indicators was used. Five 

linguistic labels were considered: VeryLow (VL), Low (L), Intermediate (I), High (H) and 

VeryHigh (VH). 
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The model of intervention of COLLECE is simple. The analysis indicators are calculated by 

the evaluator for a specific activity when it finishes. The students can see representations of 

the inferred indicators later, using the Analysis Tool that is accessed from the programming 

workspace (Fig. 3-i). Fig. 5 shows the user interface of this tool, showing an example of 

values for the inferred indicators for the individual (Fig. 5-a), group (b), solution (c) and 

global (d) models. Along with this information, the tool includes a recommendation area (e) 

used in this case by the evaluators to make specific suggestions to the students. For 

evaluators, the Analysis Tool includes additional facilities for calibration and rule generation. 

d

a

c

b

e

 

Fig. 5. The Analysis Tool of COLLECE. 

4.2. The DomoSim-TPC system 

To illustrate the potential of the framework for dealing with quite a different CSCL 

environment, we describe its application to DomoSim-TPC (Bravo et al., 2006a). This 

environment supports collaborative learning of house automation (or domotic design) by 

complex problem solving, in which the students discuss and design models by means of 

different representations and simulate their models in shared workspaces. 

The environment includes an analysis subsystem fully implemented according to the 

framework. To represent the domain, three main classes of objects were identified: operator, 

which specializes in activator (e.g., radiator), receiver (e.g., temperature sensor) and 

regulation system (e.g., temperature regulation system); environment; and house. The 

regulation systems relate to receivers and activators, and they all relate to the environment and 

house objects. Other specific types of relationships depend on the domotic technology used: 

power-line carrier system, data bus system and programmable controller. 

A house automation problem fulfils the problem model. A problem specifies three main 

elements: requirements, constraints and context. The requirements indicate automation 

necessities, the constraints indicate design limitations and the context includes information 

that defines the environmental and house characteristics within which the problem is framed. 

A problem also includes a textual description, a complexity level and the plan of the house on 



18 

 

which to make the design. A plan is defined as a set of rooms, doors, windows and electrical 

plugs (see Fig. 6). 

The problem solving process is organized into five tasks that the students carry out in 

synchronous collaboration (Bravo et al., 2006a): (i) design, to construct a solution with a 

modelling tool; (ii) parameterisation, to define the values for the general variables of the 

domain through agreement among the students; (iii) cases and hypotheses, to define cases in 

which the simulation hypothesis should be tested; (iv) simulation, to experiment with the 

model by means of simulation, in order to check its behaviour in the defined cases; and (v) 

work distribution, to organize and distribute the work among the users. 

These tasks are carried out in specific shared workspaces that integrate direct manipulation 

mechanisms, communication and coordination support, and awareness techniques. Fig. 6 

shows the Design workspace. This consists basically of a collaborative whiteboard (a) that 

permits the creation of models made up of domain objects (b) and relationships (c), and on 

which users can draw (d). As in the case of COLLECE, communication is supported by a chat 

with sentence openers (e); a session panel (f) is also available in all of the workspaces. 
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Fig. 6. The design workspace of DomoSim-TPC (the user interface is in Spanish). 

The many design and simulation actions (e.g., insert, move, link, switch on/off, open, etc.), 

the communication acts, the coordination actions of the Cases and hypotheses and Work 

distribution workspaces, and the voting actions of the Parameterisation workspace present a 

rich set of actions from which to calculate indicators as previously discussed. We show here 

two examples of quantitative indicators that are appreciably different from those considered in 

COLLECE and that exploit the domain object-oriented modelling and simulation capabilities 

of DomoSim-TPC: 

 Percentage of objects (operators and links) manipulated by at least one user different from 

the one who inserted them. 

 Percentage of simulation actions carried out by the students as opposed to the total number 

of simulation actions (the remaining actions are carried out automatically by the system). 

Similarly to COLLECE, all of the indicators of the framework were considered. In this 

case, the definition of variables and the Variable_Subjective_Assessment indicators were used 

because the domain does have attributes, and the considered hypotheses and the tested cases 
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indicators can now be interpreted since cases and hypotheses are managed in the 

corresponding task. It must be noted that, in contrast to COLLECE, the solutions, which are 

home automation designs, can be automatically evaluated since the system incorporates a 

mathematical model to run and check solutions. 

An analysis tool is used by the evaluators in two modes: configuration and analysis. The 

former is for tuning the analysis subsystem and the latter for consulting indicators so that the 

students‟ performance can be evaluated, which constitutes the model of intervention. 

5. Related work 

Many systems have approached the problems of analysis in collaborative, or non-

collaborative, problem solving. These systems can be classified according to where they focus 

their analysis: process or product (solution). The systems that analyze the process can attend 

to the dialogue, to the problem solving actions or to both aspects. The systems that analyze 

the solution can analyze it as an entity or emphasize the objects that make it up. Some systems 

could fall into more than one category. Table 9 shows some of them in the view of this 

classification criterion. 

Table 9. Classification of some systems and frameworks of analysis. 

Type of 

system 

System Process analysis Solution analysis Process-

solution 

combined 

analysis 

Focus 

on the 

dialogue 

Focus on 

problem 

solving actions 

Analysis of 

solution 

components  

Analysis of 

the solution 

as an entity  

Collaborative 

system 

C-CHENE 

EPSILON 

     

 CARDBOARD      

 COLER      

 OCAF 

Representation v.2 

SINERGO 

     

 Daradoumis et al.‟s 

framework 

     

 Proposed 

framework 

     

Non-

collaborative 

system 

KERMIT 

BELVEDERE 

Advisor 

     

 

C-CHENE and EPSILON are CSCL systems that focus their analysis on the dialogue 

between students. In C-CHENE (Baker & Lund, 1997) the dialogue takes place in a chat tool. 

The most notable contribution of this system is its classification of the dialogue elements. 

This allows an automatic analysis to be carried out using pre-established categories. 

EPSILON (Soller & Lesgold, 2000) monitors the communication carried out in a chat with 

sentence openers in order to detect specific sequences of student interaction that yield 

productive learning opportunities or knowledge sharing episodes, by using a Hidden Markov 

Model. 

CARDBOARD (Mühlenbrock & Hoppe, 1999) is a system that provides direct 

manipulation of domain objects. The system is able to cluster the basic actions performed in 

the workspaces where students construct their representations and to recognize an action (as 

part of a plan) at a problem solving level. This interpretation allows the identification of 

phases in the problem solving process as well as potential conflict situations. An approach 

with a combined focus on the dialogue and on the actions would have more potential. In this 

line, COLER (Constantino-González et al., 2003) records both the dialogue and the students‟ 
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modelling actions in order to detect differences between their individual solutions and the 

group solution and to promote discussion and participation by giving textual advice. 

Other systems place their emphasis on the objects that make up the solution built by the 

students. OCAF (Avouris et al., 2002) is a framework for interaction analysis used for the 

conceptualization of exploratory and design problem solving activities. OCAF studies the 

objects of the solution as entities that have their own history and that belong to the actors, 

considering both the dialogue and the actions on the objects in a unified way. The 

Representation v.2 system (Komis et al., 2002) is an example of utilization of this framework. 

SINERGO (Avouris et al., 2004) improves on the OCAF model since the analysis frame, 

which determines the set of actions to consider, is open. A fixed set of action types is 

considered in OCAF. This approach facilitates the calculation of a number of quantitative 

indices of collaboration in order to understand the collaboration dynamics. 

Daradoumis et al. (2006) have proposed a layered framework for the study of group 

interaction that considers aspects of collaboration, learning and evaluation. Their framework 

conceptualizes both the group functioning (process) and the task performance (product). 

However, this approach does not conceptualize the product as we do here; on the contrary, 

product refers to the learning outcome in the form of students‟ capabilities and skills and in 

terms of self-evaluation. The use of the students‟ opinions as an additional source of data for 

the evaluation procedure is just one innovative aspect of this framework. 

Some systems that analyze solutions to problems can be found in the ITS area. An example 

is KERMIT (Suraweera & Mitrovic, 2002), which is capable of analyzing the students‟ 

solutions to database modelling problems using domain knowledge represented as a set of 

syntactic and semantic constraints. The BELVEDERE system (Paolucci et al., 1996) carries 

out a syntactical analysis and an analysis of consistency to inform the students when their 

solution (inquiry diagram) differs from the experts‟ solution. Similarly, the Advisor (Bravo et 

al., 2006b) gives advice to students during their modelling using system dynamics. The advice 

is based on the definition of a family of reference solutions for each modelling problem, on 

the comparison of the reference solutions with the student‟s solution, and on the use of a 

flexible advice knowledge base. However, these systems do not support collaborative work.  

Our framework (see Table 9), in comparison to the systems and frameworks above, places 

particular emphasis on the artefact produced (solution) and on the process-solution 

relationships. In our opinion, no other system or framework has addressed the analysis in a 

comprehensive process-solution approach. While Daradoumis et al. (2006) and others 

separate the process from the product, we also study them together by combining and 

interrelating them, which should result in a more global and productive analysis. The process 

is analyzed by taking into account the problem solving tasks, the dialogue (categorized in a 

number of communicative acts), and the coordination and decision-making actions. The 

solution is analyzed by taking into consideration its properties as a single entity. This 

contrasts with the focus seen in OCAF, SINERGO and Representation v.2, since the concept 

of ownership of the objects fades once a user has inserted an object into the solution; thus, the 

object (and the solution) becomes a property of the group, not of the individual. As in many 

ITS, the assessment of the solution is possible due to the domain modelling and problem 

specification, and a matching process is proposed when an ideal solution is available. The 

history of the objects and the intermediate solution states are aspects that we have ruled out so 

far. 

6. Evaluation study 

The context for this study is provided by several learning activities approached with 

COLLECE. Despite the greater richness of the analysis support of DomoSim-TPC in contrast 
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to COLLECE (both described in Section 4) concerning domain modelling complexity and 

variety of collaborative tasks, we chose to use COLLECE due to the greater number of 

teachers and students involved and, therefore, learning activities available for our study, since 

it is presently being used in teaching some subjects in the Computer Science program (MSc) 

of the School of Computer Science Engineering at the University of Castilla – La Mancha in 

Spain. 

The main purpose of the study is to evaluate the framework‟s approach. To do so, we have 

adopted views from classical applied social research (e.g., psychology) and particularly  

CSCL research, in which learning is studied in settings in which it is observably and 

accountably embedded in collaborative activity (Koschman, 2001), and study participants are 

legitimate judges of the experience. We follow a mixed methods approach and thus we 

combine quantitative and qualitative measurement methods such as case studies, human 

observations expressed in numerical terms, questionnaires and both structured and 

unstructured interviews.  

6.1. Case study description 

Using COLLECE, computer science students can solve programming problems in a 

distributed collaborative fashion, putting into practice theoretical material taught by teachers 

in classroom. This approach was used in three subjects (Table 10): Programming Foundations 

(PF), in the first year; Data Structures (DS), in the second year; and Collaborative Systems 

(CS), in the fifth year. In PF, the activities were about recursivity; in DS, the activities related 

to sorting algorithms; and in CS, the students had to practice programming of synchronous 

collaborative systems with JSDT1. 

Table 10. Problem solving activities approached with COLLECE. 

Subject Problem solving activities (programs to be created) Time (min) Groups 

Programming 

Foundations 

PF1. Calculate whether a sentence is a palindrome 40 15 

PF2. Implement the Fibonacci function 40 19 

PF3. Implement the Euclidean algorithm 40 19 

Data Structures DS1. Sort a list of integer numbers  40 19 

Collaborative Systems CS1. Practice with JSDT sessions, channels and clients 60 10 
CS2. Create a menu with options for managing 

sessions, channels and clients, and for sending 

messages 

75 

 

10 

CS3. Implement a client/server simple calculator using 

JSDT messages 

75 9 

 

In all of the activities (Table 10), the teachers arranged the students randomly in groups of 

two people, each one working from a different place. The composition of the groups did not 

change during the activities. The teachers configured the date and time of the sessions and 

specified the problem formulations. These included an explicit textual description of 

requirements and constraints. An example of a constraint is the prohibition on the use of loops 

in PF1, PF2 and PF3. Each activity was carried out in a single working session with a specific 

                                                

 

 

 

 

 

 

 
1 Java Shared Data Toolkit. https://jsdt.dev.java.net/ 
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duration. The activities were approached in each subject in the order reflected in Table 10, 

each activity being slightly more difficult than the previous one. 

Playing the role of evaluators, the teachers used the analysis support of COLLECE (see 

Section 4) firstly to specify and calibrate the analysis procedures, and secondly to calculate 

the indicators. Since this analysis support does not include mechanisms to automatically 

evaluate solutions (programs), a number of teachers other than the aforementioned evaluators 

were required to evaluate the solutions created by the students. In particular, they gave values 

to the Meeting of problem requirements, Satisfaction of constraints, 

Testing_Subjective_Assessment and Model_Subjective_Assessment indicators, assigning a 

linguistic label (VL, L, I, H, VH) to each indicator. 

6.2. Method and results 

To guide the study we focused on three main aspects that are conceptualized by three 

criteria: fruitfulness, credibility and transferability. Fruitfulness allows us to judge the 

framework‟s capability of generating results that are useful to learners, teachers and 

evaluators. Credibility and transferability are two criteria proposed by Guba & Lincoln (1981) 

as an alternative to the traditional criteria of validity that are commonly accepted in more 

quantitatively-oriented research. Credibility involves establishing whether the results of using 

the framework are believable from the perspective of the users; transferability refers to the 

degree to which the framework can be generalized to other contexts or settings. We also 

discuss the price of the framework. 

 A number of hypotheses related to the criteria were established and specific methods and 

learning activities were performed to test them. A detailed discussion follows. 

 Concerning the framework‟s fruitfulness, we first consider the added value that the 

additional analysis of the solution provides and, thus, we hypothesize: 

 H1a. Showing the students indicators giving a characterization of their work from an 

individual and group point of view improves their collaboration and working behaviour 

when approaching subsequent learning activities. 

 H1b. Showing the students indicators giving an assessment of the solution built along with 

a global representation of the collaborative work as well as a characterization of their work 

from individual and group point of view makes them build better solutions in subsequent 

activities. 

Second, two hypotheses are formulated with respect to the process-solution relationship: 

 H2a. From the user point of view, individual work has a positive effect on the solution 

built, and specific user indicators are associated with solution indicators. 

 H2b. From the group point of view, the collaboration among the students has a positive 

effect on the solution built, and specific group indicators are associated with solution 

indicators. 

A hypothesis is outlined for evaluating the framework‟s credibility: 

 H3. The inferred indicators identified (user, group and solution models) and the procedures 

to calculate them allow the characterization of the group‟s and user‟s work and the 

assessment of the solution, which represents the students‟ knowledge from different 

perspectives. 

6.2.1. The fruitfulness of showing indicators to the students 

For testing hypotheses H1a and H1b, we focused on activities PF1, PF2 and PF3 (see Table 

10). When activity PF1 finished, logged data were processed in order to obtain the inferred 

indicators. Then, before approaching PF2, the students consulted the indicators for PF1 using 

the Analysis Tool (see Fig. 5). The same was done for PF2. The tool was configured so that 
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some of the groups, called normal groups, could view all of the indicators (user, group, 

solution and global models of indicators), whereas the other groups, called control groups, 

could see only the user and group indicators. This would allow differentiation of the 

improvement that in both cases took place in the students‟ and groups‟ behaviour and in their 

solutions. Since not all of the groups engaged in all three activities, only 14 groups were taken 

into account. 

To study the evolution of behaviour or solution, we defined the concept of change of an 

indicator. A natural number was assigned to each possible linguistic label of an indicator in 

this way: 1 for VL, 2 for L, 3 for I, 4 for H, and 5 for VH. Thus, a change for a given indicator 

is the difference in its value for two consecutive (in time) activities. A positive change 

represents, therefore, an improvement in the behaviour or the solution. An exception is the 

Cost indicator, for which changes are calculated in the other way. Table 11 presents the 

average changes for normal groups and control groups at process and solution scopes, and, 

within the process, from the user and group point of view. Each average change is calculated 

as the average for all the inferred indicators considered (Tables 4 and 5) for all the groups 

(normal or control). To calculate the averages, changes in PF2 with respect to PF1 and in PF3 

with respect to PF2 are studied jointly. 

Table 11. Evolution of groups‟ and users‟ behaviour and of the solution. 

Type of groups Average change for 

user indicators 

Average change for 

group indicators 

Average change for 

solution indicators 

Normal groups (N=9) 0.005 -0.028 0.528 

Control groups (N=5) 0.333 0.317 0.400 

All groups (N=14) 0.122 0.095 0.482 

 

As can be seen in Table 11, the average overall change (all groups) in each category (user, 

group and solution) is positive. This means, in general, that the users and groups improved 

their behaviour and built better solutions each time. In particular, control groups had a 

positive average change for user and group process indicators, which supports hypothesis 

H1a. 

At a solution scope, normal groups built slightly better solutions than control groups. This 

supports hypothesis H1b. However, although both types of groups improved their solutions 

significantly, there was a surprising result: at a process scope (user and group), control groups 

improved their behaviour appreciably whereas normal groups did not improve (though they 

did not get worse). It would have been desirable for normal groups to have improved their 

behaviour in the same degree as control groups, but this did not happen. A possible 

explanation is that the students in control groups were more motivated to improve their work 

and collaboration after they consulted the user and group indicators, and that this also resulted 

in the building of better solutions. However, when the solution and global indicators were 

shown as well, as was the case for normal groups, the students focused more on the solution 

properties and tried to improve them at all costs, leaving the work and collaboration aside. To 

support this claim, we calculated the average value of the Work and Collaboration indicators 

for normal and control groups, and we verified that both Collaboration and Work were 

slightly greater for control groups. 

6.2.2. The fruitfulness of studying the process-solution relationships 

The Analysis Tool of COLLECE does not compute the model of process-solution 

relationships, so that we chose to use a statistical package to run the algorithm described in 

Section 3.3.4 to calculate the degree of relationship between two indicators, one of the 

process and one of the solution, for all the possible pairs of indicators, using Kendall‟s tau-b 

measure of association. This would allow for checking the process-solution relationship and 

identifying specific relationships in the context of the case study. All learning activities 
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(N=101) of the PF, DS and CS subjects were considered as a sample. Since this model 

revealed many significant relationships, we focus on those with a significance level of p0.03. 

These are shown in Table 12. As previously mentioned, the process indicators from the user 

point of view are average values for all the users. 

Table 12. Most significant relationships between process and solution indicators from the model of process-solution 

relationships. 

Process indicator Solution indicator tau-b p 

User point of view   

Discussion Difficulty -0.490 0.000 

Work_User Well_Formed 0.287 0.001 

Work_User Validity 0.279 0.002 

Speed Difficulty -0.232 0.002 

Work_User Quality 0.216 0.020 

Modelling Cost 0.213 0.011 
Work_User Testability 0.207 0.015 

Participation Testability 0.182 0.029 

Discussion Cost 0.174 0.022 

   

Group point of view   

Experimentation_Willingness Testability 0.439 0.000 

Experimentation_Willingness Validity 0.387 0.000 

Experimentation_Willingness Well_Formed 0.383 0.000 

Experimentation_Willingness Quality 0.375 0.000 

Experimentation_Willingness Accuracy 0.252 0.002 

Velocity Quality 0.235 0.008 

Coordination Cost 0.225 0.011 

 

The Work_User indicator is associated in a positive way with Well_Formed, Validity, 

Quality and Testability, which means that the better the users work, the better the degree to 

which the solution is well formed and the better are its validity, quality and testability, and, on 

the other hand, the worse the average work of the users is, the worse are the validity, quality 

and testability of the solution and the degree in which it is well formed. In the same way, 

Participation is associated with Testability so that when users participate more they also build 

solutions that they experiment with. What is clear is that for difficult solutions, users work at 

low speeds (the relationship is in this case inversely proportional, as the negative sign of the 

statistic indicates), and that much modelling work leads to solutions of high cost. A confusing 

result is that when solutions are of low difficulty, the users discuss more. Maybe, easy 

problems invite students to discuss (and enjoy), while more difficult problems cause more 

reflection and work in the students and consequently they discuss less. Similarly, Discussion 

is associated with Cost. 

From the group point of view, Experimentation_Willingness is associated with a number of 

solution indicators. This way, a group‟s willingness to experiment on the solution would 

produce solutions with good testability, validity, quality, accuracy and degree of being well 

formed; on the other hand, a poor group‟s willingness would result in poor solutions. The two 

last associations shown, Velocity with Quality and Coordination with Cost, are difficult to 

interpret and require further studies in order to confirm and understand them. 

The list of significant relationships described here highlights the association of specific 

behaviours (from the user and group point of view) with specific types of solutions. In most 

cases, positive values for process indicators correspond with positive values for solution 

indicators (and the same in the other way). Since the number of relations is considerable, this 

confirms a positive relation between the process (from the user and group point of view) and 

the solution, fully supporting hypotheses H2a and H2b. 
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6.2.3. The framework’s fruitfulness and transferability for the teachers 

After the learning activities, a focus group session was conducted with six experienced 

teachers-evaluators who participated in the study reported here by defining and analyzing the 

different learning activities (see Section 6.1). The session started with an overview of the 

analysis procedure that stressed the evaluator‟s role and the outcome of the analysis in the 

form of indicators. The session members were then free to discuss. 

They stated that the analysis subsystem was a very useful tool that allowed them to gain 

knowledge of the students‟ performance when they consulted the indicators (e.g., “I like that a 

qualitative assessment of the students‟ work is provided; it saves work”). The teachers 

discussed the value of the analysis indicators and concluded that the indicators (and the 

underlying analysis approach) would help them re-think their teaching methods, because this 

offers a powerful tool for easy assessment of many aspects of the problem solving process 

(e.g., “The indicators would suggest to me improvements in my teaching work”, “… I would 

focus more on the teaching method and the students‟ learning than on the curriculum”). All of 

the teachers agreed that the visual display of the indicators to the students (as carried out in 

the studies) would allow the students to improve their behaviour and to learn, improving their 

solutions. 

 Finally, they said that the analysis approach was applicable or could be generalized to 

other domains in which problems are solved through groupware tools, and they pointed to 

software modelling with UML (Unified Modelling Language), conceptual design of databases 

and architectural design as possible domains. In addition, the application of the framework to 

the quite different setting that DomoSim-TPC involves (see Section 4.2) also confirms the 

transferability of the framework. 

6.2.4. The credibility of the framework’s approach 

After students had completed all of the activities of PF, we gathered their opinions about 

the representation of their work in terms of indicators by means of a questionnaire. All the 

students who consulted the indicators at least one time (N=38) filled in the questionnaire. A 

five-point Likert scale ranging from 1 (totally disagree) to 5 (completely agree) was used to 

answer each question. Table 13 compiles the average scores for the different questions. 

Overall, the respondents indicated that the user and group indicators corresponded with their 

way of working. They also indicated that they were motivated to work better when 

approaching new activities by receiving assessments. On the other hand, for students from 

normal groups the solution indicators reflected, more or less, their level of knowledge of 

programming. All of this information supports hypothesis H3. 

Table 13. Scores of the students‟ questionnaire. 

Question Mean Sd 

Students from all groups (N=38)   

Do you think that the assessment you have received at the individual level (User 

indicators) corresponds with your way of working? 

3.66 0.66 

Do you think that the assessment you have received at the group level (Group indicators) 

corresponds with your group functioning and your attitude for working in group? 

3.69 0.86 

When all of these assessments were presented to you, did you try to improve your 

attitude, effort and team work in the following problems you approached? 

3.91 0.90 

   

Students from normal groups (N=22)   

Do you believe that the assessment of the solutions your group built (Solution indicators) 

reflected your level of knowledge of Java programming? 

3.56 0.93 

 

As an additional source of information, a questionnaire was presented to the teachers with 

open-ended as well as closed questions (again a five-point scale was used). Here they 

indicated that the selected indicators were suitable for the user analysis model (Mean=4.33, 
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Sd=0.82), the group analysis model (Mean=4.50, Sd=0.55) and the solution analysis model 

(Mean=4.83, Sd=0.41). However, they proposed new indicators to be taken into account, such 

as knowledge level, tool adaptation, previous experience and argumentation degree at a 

process scope, and legibility, clarity, maintainability and applicability at a solution scope. In 

the same way, they questioned whether Discussion and Work were really necessary. They 

found that the analysis procedure, based on indicators and inference rules, was a realistic 

means for obtaining a qualitative assessment of the students‟ work at different scopes and 

points of view (Mean=4.50, Sd=0.55). This contributes to the validation of hypothesis H3. 

6.2.5. The price of configuring and calibrating the framework 

In the interviews the teachers also indicated that the configuration and calibration of the 

analysis support implies a significant amount of work. While the actions to be collected, 

indicators and weights were kept constant during all of the analyses carried out, the ranges for 

the fuzzy sets had to be defined several times, once for each learning activity analyzed. This 

also required the teacher to solve the problem prior to the activities in order to have a 

reference for size, components and other characteristics of the solution, and for time used, 

tasks carried out, etc., in relation to the process.  

They also stated in the questionnaire that the calibration is a complex question (Mean=3.75, 

Sd=1.54). This complexity could cause an incorrect calibration with unpredictable results for 

the calculation procedures. To explore this possibility, we firstly simulated an evaluator‟s 

calibration mistakes as follows: we chose an inferred indicator, Speed, and extended and 

shortened artificially each of the ranges of its antecedent indicators, URRP and UVT (see Fig. 

4). Then, the value of Speed was recalculated. To study different cases, we extended the 

ranges 10% and shortened them 15%. In the first case, Speed changed its value 15.52% of the 

times, and in the second case, 31.03%, but always in the same direction as the mistake. We 

were able in this way to check that the calculations are sensitive to calibration mistakes. 

However, the number of changes of the indicator‟s value is reasonable, because mistakes of 

10% (or 15%) in the ranges seem to be infrequent. This was checked by the developers when 

supporting the teachers in calibrating the analysis; for instance, when some ranges were 

refined because of wrong initial assignments for the time indicators (e.g., URRP, UVT, GTT) 

(see Table 8), the corrections of values were smaller than 15%. 

6.3. Summary 

Gathering all of the results above, we can say that the framework‟s approach is quite 

promising. As judged by the teachers, and also by the students, the indicator models (user, 

group and solution) provided them with a fairly accurate view of both the students‟ work 

process and the solution to a problem. This fact supports the framework‟s credibility. 

The process-solution analysis allows giving feedback to the students in the form of sets of 

indicators, which characterize both their activity and solution. This two-scope analysis 

facilitated the identification of positive differences in the students‟ behaviour and in the 

characteristics of their solutions in subsequent activities, depending on the feedback provided. 

In addition, the process-solution relationships revealed realistic correlations between 

indicators in the context of the activities carried out, which also helps to validate the selection 

of indicators. These results vindicate the framework‟s principle of studying process and 

solution independently as well as together, because the model of process-solution 

relationships is a useful instrument for evaluators (see Section 3.3.4) that can be used, for 

instance, to set up research questions such as “what types of solutions would be expected 

when the students …” or “how the students should work for getting solutions that …”. The 

non-existence of correlations can also have a positive value, that is, that the teachers should 
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be led to question the teaching/learning method. All this confirms the framework‟s 

fruitfulness. 

A major need is to improve the support for the configuration and calibration phase of the 

analysis, which is now time consuming and demanding. This is a clear objective for us. We 

are working on applying machine learning techniques for automatically producing ranges and 

inference rules for an analysis system (Molina et al., 2006; Duque & Bravo, 2007). Overall, 

the trade-off between the current cost of configuring and calibrating the analysis and the 

benefits for teachers, evaluators and students is perceived as positive from all sides, as shown 

above. 

The evaluation process reported here closes a research cycle. In order to consolidate the 

framework it will be necessary to carry out similar studies with a larger number of 

participants, activities and domains. Additional information about changes (in behaviour and 

solution) and process-solution correlations would allow us to refine and extend our current 

results. 

7. Conclusions 

The work reported here contributes a proposal of a principled framework for analysis in 

CSCL environments. In particular, the framework is oriented toward environments that 

support solution building tasks by means of modelling and experimentation tasks that allow 

one to explore and test solutions. The framework is based on a comprehensive approach that 

takes into account both the students‟ collaborative activity and the results of the collaboration 

in the form of a solution, covering a gap detected in the analysis research to date. Designed 

upon a three-phase (observation, abstraction and intervention) analysis life-cycle, the 

framework includes three main components: analysis models made up of indicators, 

calculation procedures and an abstract model of intervention. The calculation procedures use 

inference mechanisms to compute the final indicators. The analysis models, i.e., the user 

analysis model, group analysis model and solution analysis model, contain information about 

the users‟ work and interaction as well as an estimate of their knowledge by means of the 

evaluation of the solution provided. Such models can be used by evaluators for assessment 

purposes; the system itself, according to a model of intervention, can also use them to guide 

the students during the execution of the tasks toward more effective learning situations. 

Our approach starts from the premise that a collaboration process in which ideas, tasks and 

knowledge are shared causes effective learning, but goes further in considering that, when the 

students build solutions for a problem that are correct, valid, of high quality, etc., they acquire 

knowledge and develop skills that allow them to build good solutions for new problems 

successfully. So the focus is on the work carried out as well as on the characteristics of the 

solutions on which the students work, which are considered cognitive products that mediate 

their learning. On this basis, one innovative aspect of our framework is the study of the two 

main perspectives of analysis, process and solution, in a combined and complementary way 

through its global analysis model and its model of process-solution relationships.  

Using the framework as a guide, two significantly different analysis subsystems were 

developed, one to be incorporated in a system supporting distributed collaborative 

programming and the other for a CSCL environment for house automation. This illustrates the 

flexibility of the framework and provides examples that help in the interpretation and use of 

its components. On the other hand, we find the framework also useful in the critique of 

existing analysis subsystems, which can be re-engineered to make their analysis support more 

effective according to the framework. In the same way, gaps in the framework could be 

identified from such critiques. This is a direction for future research. 
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In a study aimed at justifying the interest and validity of the framework‟s approach, we 

confirmed that it is suitable for analysis and evaluation tasks. The teachers considered it a 

valuable instrument not only for studying the students‟ work but also for checking their own 

educational practices. It has also been demonstrated that some indicators are associated with 

others, and that the overall process is related to the solution so that the better the process is, 

the better the solution is (and vice versa). A concrete result is the fact that when a working 

group shows willingness to experiment on the solution, it usually obtains solutions that are 

valid, well formed, correct and of high quality. Similarly, when the solutions are well formed, 

valid and of high quality, and it is easy to experiment on them, it can be said that the average 

users‟ work has been high.  

The framework is independent of specific analysis indicators. Nevertheless, the indicators 

making up the analysis models have been shown to be appropriate for representing different 

aspects of collaborative and individual work. However, they are subject to refinement, so that 

new or re-interpreted ones could be used. Along this line, the teachers suggested some 

additional indicators in the study above (to be considered in future studies), and there are also 

a number of proposals for analysis variables in the literature (e.g., Daradoumis at el., 2006).  

The modelling and structures used in the design of the framework provide a 

conceptualization and generalization level of analysis that facilitates its application and 

extension to other types of CSCL environments and domains. In fact, this domain-

independence has been one of our principles when designing the framework, which is 

expressed in the instantiation of the abstract domain model when using the framework. The 

framework can, for instance, be applied to design environments that do not support testing (or 

simulation) by simply not considering the indicators related to this task, and to asynchronous 

environments by reinterpreting the proposed indicators.  

One of the limitations of the framework analysis procedures is the workload for evaluators 

and difficulty of tuning. This motivates a future work line as highlighted in the study. Another 

limitation is that only the final solution is studied in the solution analysis. The intermediate 

states of the solution could also be considered and interrelated across time with the 

characterization of the process. 

We believe that the different models and analysis procedures of our framework are 

expressible by means of computational formalisms, e.g., ontologies and meta-models. But at 

the moment, neither such formal representations nor authoring tools supporting their 

specification are available. In this direction, our ongoing research works are centred on 

designing a technological analysis framework according to our theoretical analysis 

framework. This framework will incorporate computable formalisms for specifying 

ontologies and meta-models of analysis as well as facilities for the generation of computer-

supported analysis tools adapted to a specific CSCL environment for a domain. 
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