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Abstract

This paper describes the first prototype of an integrated tool that assists people in monitoring and analytical
evaluation of interactivity, mediated by a Dynamic Hypermedia Device (DHD). To carry out this practice, the
basic technological elements are explained, as well as a model which takes into account experiences related to
the addition of new components in implementations solved for this kind of framework. Furthermore, it is also
explained how the tool articulates the simulation results obtained from a runtime DEVS (Discrete Event System)
that integrates the metrics needed for flexible weights. All the technological developments have been adapted to
the educational platform MOODLE as well as to SAKAI collaborative environment. To exemplify this
development, a use case has been presented providing functional features and details that outline the
methodological steps of the model from the final users’ perspective. Thus, an analysis which enables qualitative
versatile units in terms of levels of interactivity to the DHD has been achieved.

Keywords: Dynamic Hypermedia Device, Interactivity process, social network analysis, information and
communication technology

1. Introduction

Current Information and Communication Technology (ICT) has enabled the construction of a new
physical-virtual reality where people can participate in various socio-technical networks. These networks are
comprised in multiple components and relationships, which are configured and reconfigured for the various
interactions mediated, depending on a number of requirements.

The need to assess and provide better quality of interactivity processes aims to focus on research and education
from responsible participation in physical-virtual contexts. These are especially relevant for the joint
construction of the so-called inclusive “Information and Knowledge Society”. Taking into account what it is
mentioned above, this paper describes the first prototype of an integrated tool called “SEPI-DHD”, which assists
in the Monitoring and Evaluation Process of Analytical Interactivity mediated by a Dynamic Hypermedia Device
(DHD).

A DHD is defined as a heterogeneous network formed by the combination of technologies and social networks,
which enable socio-technical subjects of participatory actions -responsible interaction- for management,
education, research and cultural production in a workshop environment, exploiting the potential of the ICT (San
Martin, Guarnieri, Rodriguez, Bongiovani, & Sartorio, 2010; Guarnieri, 2010).

In this sense, the DHD is constituted as a complex entity (Gell-Mann, 1995) and consists of the integration of
two inseparable dimensions: a technical one (or set of construction techniques that involve a materiality and a
particular configuration) and a social one given by the inter-relationships and situations in which they appear.

The need to use SEPI-DHD is based on the importance of evaluative analysis of developments and
implementations carried out in educational platforms, collaborative environments and 2.0 Web tools.

To accomplish this, we have adopted the use of DEVS formalism (Discrete EVents Systems) created by Zeigler
in 1976. He proposed a theory of discrete event modeling in continuous time systems, allowing a modular
description of the phenomena and addressing the complexity using a hierarchical approach. In the
implementation of this formalism weighting metrics are integrated following the recommendations of the
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framework INCAMI (Rossi, Pastor, Schwabe, & Olsina, 2007). In turn, the technological tool has the flexibility
of linking the educational platform MOODLE (www.moodle.org) and the collaborative environment SAKAI
(www.sakaiproject.org). It also has an original implementation to provide a suitable interface module,
responsible for building the pre-conditions and intermediate steps needed to implement the module DEVS
(Zeigler, King, & Praechofer, 2000). What is more, it contains an interface for displaying the results obtained with
versatility from different types of filters. In the future, these values may be a new type of contextual information
that results from the previous actions of users, and consequently allows an adaptation of collaborative
environments or 2.0 Web tools (Sartorio & Rodriguez, 2010).

It also describes the metrics and the DEVS simulation model, as well as the technological elements necessary for
its integration. The use case provides functional features and details related to the methodological steps of the
model from the perspective of a final user. Finally, brief conclusions are summarized for the current prospective
development.

2. Metrics and DEVS Models for Simulation

Measurement and evaluation mechanisms are one of the main activities in the implementation and optimization
of the DHD (Rodriguez & San Martin, 2010).

Measurement processes are critical as they allow quantifying a set of desired characteristics about a specific
aspect of a particular entity. This provides a rather detailed view of their status or condition. Meanwhile, the
evaluation interprets the values obtained in the measurement. For such processes, measurement and evaluation
are necessary to obtain quantitative data from metrics attributes of different entities, and the subsequent
interpretation of results from the indicators (Olsina & Martin, 2004).

There is a good deal of existing information on the definition of metrics and indicators, but no clear consensus
on terminology. In this sense, we consider the Ontology Metrics and Indicators presented in Olsina. Molina and
Papa (2005) constitute an important proposal for the area of quality management and a valuable contribution to
the activities involved in such management. Therefore, this paper will focus on the measurement and evaluation
framework called INCAMI (Information Need, Concept model, Attribute, Metric and Indicator) (Rivera, Molina,
& Olsina, 2007).

INCAMI is based on the method WebQEM (Web Quality Evaluation Method) (Olsina & Rossi, 2002), which in
turn is based on models and quality metrics and focuses on the quantitative evaluation of characteristics and
attributes of entities. Thus, INCAMI can be used in the design of non-functional requirements, the selection of
metrics to quantify the attributes of the entities involved and the interpretation of the corresponding values by
indicators.

The first stage of this method corresponds to the definition and specification of the requirements. This module
defines the need for information (i.e., the focus of the evaluation) and the design of non-functional requirements,
which serve as guides for subsequent activities of measurement and evaluation.

Dynamic Hypermedia Device
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Figure 1. Descriptive model of DEVS coupled modules that integrate a HP
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We take as a starting point the description of the basic conceptual component called Hypermedia Package (HP),
where interactions are concretized in DHD. Based on the foundations set out, in line with the technolegical
model presented below, the DEVS model of HP is described in Figure 1.

It is shown that the input event vector is determined by the characteristics of the interaction of the participants,
and an output event will result in the level of interactivity for each entry.

If the HP is defined as the basic conceptual components of the DHD, then it must be integrated to obtain the total
level of interactivity of each entry.

The complete scheme is shown in Figure 2.

Hypermedia Package

—»

HP, tools,
service, time

>
HP metric weighting
Interactivity level

of participation

in HP
Figure 2. Descriptive model of DEVS coupled modules that integrate a DHD

Toll Divisor

In this chart, it is shown that the information in our case is a function of the participants’ interactions, which are
defined by: identification number of the participants (id) and their role; the types of HP and which ones
participate; the tools on which to perform the interaction and their type; the service with which it interacts; and
the time and date of the interaction.

The second stage is the design and implementation of measurement. This module is focused on defining metrics
to be useful for quantifying the attributes, which in the previous step was identified as part of the specification
requirements. These are particularly interesting for the project, since the characteristics are measured for the
agency to evaluate, considering the need of information provided. That is the ultimate goal of the evaluation,
which in our case is the interactivity level of participation.

In both figures, the need to establish three levels of metrics for analysis of interactions in real time is clearly
shown, since we can distinguish three different entities: the tool, the weighting of the HP and the weighting of
the DHD.

It is essential to understand the construction of the metric, which attributes are measured, and what the partner
agencies are. It is also necessary to identify the type of value that is obtained, the drive that is expressed and the
type of scale used, in order to allow proper interpretation.

Following the recommendations of the INCAMI model and in order to obtain values for the global indicators, we
must consider a model of accumulation and decision criteria. The weighting and accumulation model (clustering)
aims at making a well-structured and objective evaluation process, comprehensive for evaluators (or evaluation
itself). As in other case studies models, weights and multi-criteria scoring (consensus) were used to designate
and set processes. Thus, a defined weighting model (or score), multi-criteria (or consensus) and Logic Preference
Scoring (LPS) (Dujmovic & Bazucan, 1997), in conjunction with synchronization properties, neutrality, adding
operations, replacement and other relationships, are based on the mathematical model of weights.

The main objective of the overall assessment implementation is to enable greater levels of flexibility for the
values of global and partial indicators. This is achieved by the elementary metric values, which use the model of
grouping obtained from the calculation. In this process, these values must be arranged and agreed upcn by
experts with experience in using such systems. At the same time, it is mentioned that the numerical values
indicated only serve as an example of simple application, and education experts of the research team agree with
this. The head of the evaluation can add value to the various factors underlining the attribute, which is the most
important element in the process. In each case, the resulting value provides a measure of the degree of
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interactivity of participation.

A. Metrics of tool H

It is built by a product of four factors:

Interactivity level of participation in H= C1 * C2 * C3 * C4
These four coefficients should be related to:

Type of tool:

Transmissive format (e.g., links, resources). C1 = |
Interactive format (e.g., forums, wiki).C/ = 2

Type of service used:

Create. C2 =2
Search. C2 =1
Edit. C2 =2

Delete. C2 =1

Role of the participants:
Teachers.C3 = 1

Students.C3 = 2

Users of the tool:

One or two participants.C4 = [

Three or more participants.C4 = 2

B. HP metric weighting

It is built by a product of three factors:
Interactivity level of participation in the HP = Bl * B2 * B3
The value of these three factors will be:
Interactivity level of participation in the tool
BI=CIl*C2*C3*C4

Time between the last and current involvement:
If less than one day.B2 = 3

If less than one week.B2 = 2

If more than one week.B2 = [

Number of tools used:

If three or more tools are used.B3 = 3

If two tools are used.B3 = 2

If one tool is used.B3 =/

C. DHD metric weighting

The existence of several types of HP (courses and projects in collaborative environments, digital repositories,
social networks, etc.), with various features configured both in their tools, and in their related services, show the
need to weigh the value obtained from the previous metric to normalize interactivity participation at DHD.

Thus, we obtain:
Interactivity level of participation in the DHD = A1 * A2

The value of these two coefficients will be:
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Interactivity level of participation in the HP
Al =Bl *B2 *B3

Hypermedia Package Type

Ifitis acourse.A2 = |

If it is an electronic document within a Hypermedia Repository.42 = 2

Finally, in the evaluation stage, these metrics should be interpreted through indicators to assess or estimate the
degree of conformity to the proposed requirements. It is at this point when the indicators should be selected to
interpret each metric that quantifies each corresponding attribute in the design of non-functional requirements.
The indicators also contain a scale and a function or an algorithm through which it will be possible to interpret
the value of the metric, also using a decision rule that will establish thresholds of acceptability of the value
obtained.

3. Technology Integration Model

The technology integration model determines components, subsystems and relations on the tool SEPI-DHD,
which is responsible for articulating the results of the simulation of DEVS model.

Briefly, this tool is handled first by accessing the database and second by applying a transfer function that allows
a representation of the values corresponding to the users’ interactions. This function generates the correct input
values to be used in the simulation. The tool itself contains an appropriate interface for the representation of the
coefficients which make up the metrics that are integrated into the DEVS model (Rodriguez, 2010), thereby
allowing the charge to control the weights that reflect qualitative properties of the users’ interactions.

Data[Base Integrator
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l DEVS Model '—
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m
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.......

Figure 3. Integration model for SEPI-DHD

Figure 3 shows the initial connection between the services of the tool and the DEVS simulation model. For this
case, the Integrator module methods are represented by a UML class that implements the sequence of executions
to be respected. As a result, the DEVS interpreter (in this case PowerDEVS) (Lapadula et al., 2010) take
appropriate input values (method get inputDEVS) that are processed through a parameterized transfer function
(method set_Transf). Afterwards, output values are taken (method get outputDEVS) for further processing. All
input data is extracted from the database belonging to the collaborative environment used, through the private
method get DB. The parameters involved in the implementation of the DEVS simulator must be met by the
interfaces represented in the Integrator class.

Issues of parameterization and representation of values, pre and post-conditions located at a higher level to
achieve better performance and handling by users, are stored in the configuration file and the S.Conf service
intervenes.

The integration design presented in this case is based on the description of software components. The integration
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tool proposed here is necessary to consider other elements in this design, which have already been used in this
case. In another research (Sartorio & Cristid, 2009) each of the above areas were developed in detail.

4. Use Case Implementation

We will develop a use case providing functional details on the tool from the perspective of the final user. This
path is divided into five methodological steps, which are consistent with the relationships described in Figure 3.

A. Step 1: Access to the database

This step is transparent to the final user. The designers must meet certain requirements to suit the needs of the
integration model proposed here. On the one hand, we study different types of connections between subsystems
through messages and the sequence of task performance. On the other hand, it is necessary to implement
penetration measures between systems which must comply with a technological infrastructure and design. This is
the case of linkage that is proposed in the integration model of the integrator module and database containing
interactions. At this point, the environment we are working on must be selected: MOODLE or SAKALI
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Procesa Ponderacidn

tect v Ponderstién 0 ~ Modficar Ponderatdn

Indice Herramienta Ponderacion Acclones

Figure 4. Start implementation of SEPI-DHD

B. Step 2: Coefficients that comprise the metric

The tool contains a suitable interface for the representation of the coefficients that make up the meter, thus
allowing the evaluator to check the weights that reflect qualitative/quantitative properties of the participants’
interactivity. We introduce the necessary weights (Role, Hypermedia Package Type, Type of Tool, Type of
Service) with a default value equal to one (for zero values, the default is zero). In turn, there is a possibility to
modify these values through the Modify option weighting, selecting the coefficient and the coefficient subtype
(see Figure 4).

Then, a file is automatically created. This lists all the values needed for the process transfer function tables and
the values of their fields that serve as inputs to the DEVS simulator.

C. Step 3: Setting the metric coefficients

When it is first accessed to the database, the application generates a file input.csv in which the vectors are saved
(eight components) (Rodriguez, Sartorio, & San Martin, 2010) to be input data environment used to run the
DEVS model that integrates the metrics described in section five.

D. Step 4: Running the simulation

Once the correct input values are generated, these will be used in the simulation. DEVS model will run as a
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module (model.exe) that has two parameters: the input file generated before (Input.csv) and the number of total
events. After the execution, the output.csv file is generated. This file contains the values of the levels of
interactivity for each entry.

E. Step 5: Results

Figure 5 shows an example of the results obtained from each level of interactivity through time participation in
the collaborative environment SAKAI. The interface enables filtering and coloring of various levels of
interactivity based on users’ requirements.

I G sest-0v0 [+] ; [ |
PR e ——— ) sl e B

dispositivos
—~ = hipermediales
\X m:v.umw:x
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Figure 5. Results obtained by SEPI-DHD

5. Conclusions

Based upon DHD systemic modeling, it has been proposed a development and implementation of evaluation
metrics for the analysis of the interactivity of Dynamic Hypermedia Device. This analysis is versatile enough to
be determined by teachers, researchers, and/or coordinators of the DHD. Thus, it provides reliable information
on how to develop processes of responsible participation by socio-technical networks to educate, investigate,
manage, and/or produce.

We have presented the design, development and implementation of “SEPI-DHD”, which is an integrated tool for
Monitoring and Evaluation DHD-Interactivity, adapted to the educational platform MOODLE and the SAKAI
collaborative environment. This utility resolves the technological reading of the database, the entry of the
coefficients, the implementation of DEVS module that integrates the metrics and presents the results.

As prospective work, the models with appropriate adjustments for the implementation of different application
areas (Education, Research, Linking Technology, and Management) should be tested. In turn, it would be
necessary to make a development of metrics for monitoring processes in the DHD, taking into account the
modeling of the systemic behavior, allowing versatility on ‘what’ should the application be and ‘how’ the
application meets the requirements and implementations (through a logical design in the domain of the
solutions).

To conclude, the DHD invites us to think the plot of inseparable links that constitute the current physical-virtual
context. This perspective articulates n-dimensional outlined in the physical materiality of the vast field that
involves the body, actions and objects at a time and place set for the virtual area in the dimensions of thought,
action, speeches and devices. Our work so far, although not enough in relation to the proposal, intends to enable
new insights and questions in terms of promoting better practices for knowledge construction.
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