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This paper is divided in the following parts: the first part introduces the subject, being followed by an analysis of related works about collaboration and Computer-Supported Cooperative Work; in this section, some authors, ideas, and methodological aspects of collaborative writing are also discussed. Next, the paper shows the proposal of a Digital Ecosystem for the collaborative creation of open textbooks, the six dimensions of this Ecosystem, and its respective descriptions. The work finishes with some conclusions about the proposal and the next steps needed to implement it in the real world.

Executive Summary

Access to books in higher education is an issue to be addressed, especially in the context of underdeveloped countries, such as those in Latin America. More than just financial issues, cultural aspects and need for adaptation must be considered. The present conceptual paper proposes a methodology framework that would support collaborative open textbook initiatives. This methodology intends to be the main guideline for a digital ecosystem for the collaborative production of open textbooks and has the potential to solve standing methodological problems of current initiatives, such as Wikibooks and Connexions. The system's architecture and construction will be guided by six collaborative writing dimensions: process, roles, timing, controlling, granularity, and writing groups. Each dimension will coordinate an aspect of the collaborative work and is detailed in the methodology proposed in this paper.

Introduction

The regular process for book production is often regarded as a set of procedures with a welldefined, ordered progression from beginning to ending. Content producers following different strategies can write, edit, and publish books. The product of this activity is the final textbook in a largely fixed form. This model for textbook production is heavily based on historical copyright practices and writing tools available when it was first implemented.

New approaches to content licensing and sharing, as well as new collaboration tools, have opened opportunities for new ways of producing collaborative textbooks. Previously, standard copyright rules forbade the copying of any part of a book, forcing authors of textbooks to find different ways to express the same ideas, even if they were writing about widely known topics, in order to avoid infringing these rules. On the other hand, new open licenses, such as Copyleft or Creative Commons, permit the reuse and adaptation of parts or even complete books. This means that if a textbook with an open license contains a good explanation of a topic, it can be reused in other textbooks. Furthermore, if that explanation is not good enough for the new content producers, they are allowed to change it without asking for permission to the original producer.

One of the causes of the low adoption of collaborative writing is the fact that, some years ago, the technology available was limited. It was hard to find textbooks produced by more than 4 or 5 authors. Usually, each author contributed his or her part, an editor checked for consistency and coherence, and the final version was produced. This writing strategy is known as "Separate Writers" and it was widely used, due to the nature of the tools available. Most of these tools were simple word processors, making truly collaborative writing impracticable, since it would be impossible to have everyone working in all parts of the document at the same time and still maintain both thematic coherence and version management of the different writings. The development of more sophisticated collaborative writing tools, such as wikis, and synchronous applications like Google Docs, allows seamless collaboration on long documents, where every author can contribute in throughout the document without losing reference versions. The use of these more sophisticated tools increases the number of potential contributors without turning collaboration management into a complex activity. Both types of innovations described here, legal and technological, have the potential to revolutionize the way in which textbooks are produced.

One characteristic of the traditional textbook production model is that the only acceptable final product is a complete book. If a content producer had materials and ideas for a single chapter or section, this producer would not be able to publish them. The talent of these small producers is not leveraged in the process, thus diminishing the potential quality of the resulting textbooks.

Consider the possibility of having textbooks created by a large group of authors, each one specializing in one or more topics. The consistency and coherence of collaborative textbooks could be managed not only by an editor, but also through peer-reviews and continuous cross-evaluation. This new approach also has the potential to produce higher quality textbooks than the traditional model does.

However, adding open licenses and new technologies is not enough to bootstrap a different process of textbook production. Collaboration strategies and methodologies should be in place, in order to guide the textbook production groups. However, after an exhaustive literature review, no conceptual frameworks were found to support collaborative writing processes, especially when dealing with open textbooks as the main products of such processes. This is the knowledge gap that this paper proposes to fill. This work is a conceptual paper, and as such it does not aim to present any results of empirical studies or experiments. Instead, our major goal is to propose a framework of collaboration strategies and methodologies, describing the concept of a digital ecosystem for collaborative open textbook production.

Related Work

In this section, Collaboration and Computer-Supported Cooperative Work (CSCW) is introduced.

Then we focus on analysis of the literature relating to experiences with collaborative writing of textbooks.

Collaboration has been a way for humans to do things from ancient times. Technology advances facilitate communication and information sharing in digital formats and seem to have a positive impact on our tendency to collaborate, probably because it is cheaper and faster for us to communicate now than it was before, and it is much easier to share digital objects than physical ones.

From software freedom initiatives to more recent movements towards freedom of other digital artifacts, and nowadays Web 2.0 phenomena, people have met in digital spaces and have used digital tools and media to create digital materials that can be shared among themselves and with others. The literature provides many definitions for collaboration, but we restrict ourselves to Patel, Pettitt, and Wilson (2012), which describes collaboration as a community activity that coordinates itself to communicate and achieve common goals.

Computer-Supported Cooperative Work is a computer-assisted coordinated activity carried out by groups of collaborating individuals [START_REF] Baecker | Readings in human-computer inte action: Towards the year 2000[END_REF]. CSCW is a very broad interdisciplinary area, where we can find different software available to support collaboration. One type of such software is groupware, computer-based systems that provide an interface to a shared environment in order to support groups of people working on a common task.

The collaborative creation of open textbooks falls into the realm of study of CSCW and more specifically makes use of collaborative writing groupware tools.

We primarily are interested here in such topics as how the team in charge of a book creation is formed, the different roles in the group, how the work is distributed, how different versions are managed, and what authoring policies are used. Unfortunately, there is sparse literature in this area. However, we have reviewed different successful projects and experiences related to the collaborative creation of books, and, below, we present a brief description of the most relevant works for our purpose. We begin by considering the two most important initiatives that propose tools and methodologies to enable authors to produce books: Wikibooks and Connexions.

Wikiboooks

Wikibooks is a Wikipedia project that started in 2003. It presents the same editing interface than Wikipedia [START_REF] Ravid | Wikibooks in higher education: Empowerment through online distributed collaboration[END_REF]. According to Frith (2009), Wikibooks has four key problems related to the methodology used:

Accuracy: Any author could modify the textbook created by the original author without creating a new version of it. This allows the possibility that good content could be replaced by bad content.

Collaboration: There is much less collaboration than in Wikipedia. The books are mainly the product of one author or a small number of authors.

Length: The article format that works well for Wikipedia does not adjust to the length of a complete textbook.

Attribution: There is little recognition for the authorship and it is not explicit. The authors in this system do not have any control over their content and do not receive specific credit for their work.

Despite these limitations, the wiki format has been used in valuable projects. [START_REF] Hohne | The Wiki approach to teaching: Using student collaboration to create an up-to-date open-source t Society for Engineering Education[END_REF] present an approach to teaching whereby students and faculty collaborate to explore subject matter through the creation of articles for an open-source textbook viewable using the wiki format. In this approach, teams of students wrote sections of a new textbook for a senior level Chemical Engineering Process Controls course. The writing and presenting of articles provide opportunities for students to learn by teaching. Each article was formally reviewed by other students in the class to give suggestions and correct errors. Throughout this process, the instructors acted as advisors, gave the general topic outlines, provided reference material and made connections between various student topics. Hohne et al.'s paper presents evidence of the good results of this approach in the form of standard course evaluations. Another similar experience is detailed in [START_REF] Ravid | Wikibooks in higher education: Empowerment through online distributed collaboration[END_REF], where wiki technology was applied to the development of an introductory academic textbook on information systems, which was written collaboratively by faculty and students and was made available online free of charge. After about two years of activity, the wikitextbook accumulated 564 sub-chapters, co-authored by undergraduate and graduate students in more than 20 classes offered by Israeli universities. Authors of this research discuss the potential of wiki textbooks as vehicles of empowerment to students, teachers, and the discipline.

Connexions

Unlike Wikibooks, Connexions is a collaborative writing platform and a repository at the same time. In Connexions, users are free to create educational materials and contribute to the repository; copy and customize materials; mix them together to produce new books and courses; and to create finished products like e-learning web courses or printed books (Dholakia, [START_REF] King | The case of Connexions[END_REF]. The production of content in Connexions has a modular format where the user needs to register to be able to create a module. In order to modify one of these units created by another user, the author needs permission of the original writer, or they must split off a new version. The authors of a module are always mentioned at its beginning. The main limitations found in Connexions for the production of Collaborative Textbooks are:

The Connexions community is driven by modules, not entire books. While having loose materials is beneficial for the creation of textbooks, often this material remains loose and is not ultimately coordinated with other modules to produce a cohesive book.

Collaboration: While modules are created collaboratively, most of the books that are created (called collections) have a single author.

Edition: When books are created that include work by diverse authors, those books are often just a collection of modules, without continuity.

Concurrency: There is no control for the concurrency. If two authors open the same part of the text, the changes preserved are only from the one that saved last. Baker, Thierstein, Fletcher, Kaur, and Emmons (2009) 

Additional Relevant Work

Horner and Blyth ( 2008) present a project to address the massive shortage of accessible and affordable educational resources in South Africa. The vision of the project's founders was to write textbooks in a collaborative way using contributions from many volunteers. They describe attempting to get a core multi-skilled team following cohesion-oriented guidelines, and the need for clear role definition. These authors also emphasize the importance of open and regular communication between team members. During the main content creation phase of the project, they held weekly meetings among team members. These meetings were always run with an agenda and included feedback sessions as well as team brainstorming sessions. [START_REF] Henderson | The promise of open access textbooks: A model for success[END_REF] describe Orange Grove Text Plus, a joint initiative of the University Press of Florida and the Orange Grove repository. This article presents a detailed plan to promote open access textbooks and their use in Florida. This plan addresses six essential components: strategies for production and distribution, Open Textbook production and review protocols, awareness campaign, adoption and use, system security, and sustainability. In particular, the two first components are related to methodologies. The authors found that the factors involved in the development of open materials were, in order of priority: 1) time to review, find, select materials;

2) hardware and software to facilitate development; 3) desire to reduce student costs; 4) assurance that their materials are peer-reviewed and edited; 5) availability of the review criteria to the authors; and 6) administrative support for efforts.

Issues Raised by Past Work

From the literature analysis, it can be concluded that collaborative writing is still a process being rediscovered by each group involved in the task. There are some guidelines, such as the ones presented by Posner and Baecker (1992), but their general nature makes them more useful to analyze existing collaboration than to guide the development of a methodological strategy. The advent of whole new ways to communicate and interact, brought by the advent of Web 2.0 technologies, reopens the discussion about how to organize successful collaborative writing groups.

From the experiences mentioned above, we can recognize that the first task to face in the collaborative writing of open textbooks is to establish the working group. Some authors recommend a small core team of well-motivated persons, where the different roles and responsibilities can be defined clearly. Fluent communication between participants is one of the main factors cited for success. Besides, some standardization may be defined, as, for example, a style guide and the use of specific math authoring tools. It can be concluded that the range of strategies varies accordingly to the needs and context of each initiative. There is at present no overall methodology that could be useful in every case and situation.

Goals of the Current Paper

Our proposal of a digital ecosystem for the collaborative creation of open textbooks is designed to be adaptable to different working groups, incorporate recent collaboration types derived from new Internet technologies, and address the limitations and recommendations of prior researchers. We now present our guidelines for the collaborative work of content and book creation groups.

An Ecosystem for the Collaborative Creation of Open Textbook

This work proposes the idea of a digital ecosystem to help to model and guide the collaborative creation of open textbooks. An ecosystem is a community of organisms in conjunction with environmental components interacting as a (semi-) closed system. These interactions form a network of interchanges of resources and energy that define such an ecosystem. The adaptation of the ecosystem concept to collaborative networks in the digital world has produced the term digital ecosystem.

A digital ecosystem is an artificial system that aims to harness the dynamics that underlie the complex and diverse adaptations of living organisms in biological ecosystems (Briscoe & De Wilde, 2006). A digital ecosystem transcends the traditional rigorously defined collaborative environments from centralized or distributed or hybrid models into an open, flexible, domain cluster, demand-driven, interactive environment (Chang & West, 2006). A digital ecosystem is an open community, and there is no permanent need for centralized or distributed control or for single-role behavior. In a Digital Ecosystem, a leadership structure may be formed (and dissolved) in response to the dynamic needs of the environment (Boley & Chang, 2007).

The first component of any ecosystem is the environment and its inert components. In this analogy the producers and the content are the main resources that form the environment. The producers are the individuals that are able to transform ideas into multimedia elements. Content is any digital construct that could be used to teach or learn an idea or concept.

The second component of the ecosystem is the living organisms, grouped in species. These organisms take energy and resources from the environment and use them to grow and live. These organisms could also produce or transform the resources that can later be the input for other organisms. For this analogy, we have two main species in the collaborative creation of open textbooks ecosystem: the book producing group and the content producing group. The groups are an aggregation of producers working on an idea. If the idea is the creation of a book, the group is usually large and the desired output will be a complete book on a given topic. If the idea is the creation of an individual piece of content, as in coverage of one topic, then the group usually will be small and the output will be simply discrete learning materials. It is interesting to note that contentdriven organisms could live inside book-driven organisms or by themselves in the environment.

The cycle of this book-creation ecosystem starts when a number of producers in the environment decide to come together to create a book on a given topic. These producers bring to life the bookdriven group that, if succeeds, will produce a book. Another way in which the cycle could start is when an individual producer (or a small group of producers) decides to create a discrete learning content. In this case, a content-driven organism is created with the goal of producing such learning material.

The book-driven organism will be the main consumer of this ecosystem. It will integrate new producers that want to contribute and also will use existing content in order to produce the book. To assimilate the existing content, the book-driven organism will rely on a smaller content-driven organism to adapt this content to the needs of the book. Also the content-driven organisms inside the book-driven one will be able to create new content that is given back to the environment. The book-driven organism, when the initial idea has been fulfilled, will generate a book. Figure 1 shows the collaborative writing process, beginning with the group formation and ending with writing the textbook. Any group could create new versions of the book. Crowdsourcing is a production model that uses the collective intelligence and knowledge of volunteers across the Internet to solve problems and generate solutions, for example for the development of new technologies or, in this case, for content creation. This concept, together with the "long tail" concept (which points out that the aggregate value of a quasi unlimited set of low-demand undervalued elements usually is higher than the sum of values of a limited set of high-demand most valued elements) are generating a new way of dealing with things apparently distinct (like goods being sold by an e-commerce website and content being delivered through the Internet) that, in fact, share the same essence (Ochoa, Silva-Sprock, & Silveira, 2011).

Figure 2 shows the writing process, which includes new environmental trends, target definition, activities definition, needs adaptation, storage, and evolution of knowledge groups' identification. The groups and tools involved in the writing process are the knowledge groups involved in technological, pedagogical, and content aspects, advisory groups and critics, the distribution platform, and the tools used for authoring and production. This initiative will encourage and support local professors and authors to contribute individual sections or chapters that could be assembled into customized books by a larger community. The created books will be freely available to the students in an electronic format or could be legally printed at low cost because there is no license or fees to be paid for their distribution. This solution will also contribute to the creation of customized textbooks where each professor could select the sections appropriate for their courses or could freely adapt existing sections to their needs. For the community to function effectively, it will need to provide peer evaluation and recognition to the best authors, as well as support communities for discussing teaching strategies and resources. Also, local professors will be the sink and source of the knowledge, contextualized to the Latin American Higher Education system. The quality of the produced open textbooks could be similar or better than the quality of traditional texts. The creation of a book does not mean the death of the book-driven organism. The book's content producers could continue to improve or adapt the book, producing new versions (in a similar way in which a natural organism could have several offspring). When finally a book-driven group is dissolved, its members can become part of new groups in a way that simulates the natural recycling on a natural ecosystem.

The book-driven organisms, and to a lesser extent the content-driven organisms, are organized according to a group of guidelines that allow them to function as groups. These guidelines should provide methods to conduct the main activities of the group, for example, how the group is organized, which roles that the different authors will have during the writing and editing periods, and who will make the decision for publishing a version of the book. The following section presents these guidelines grouped in six dimensions.

The Six Dimensions That Guide the Ecosystem

The collaborative processes of producing textbooks with shareable content must incorporate different dimensions, ranging from organizational dimensions to technical ones. As shown in Figure 3, six dimensions were identified from an analysis of the literature, the context for LATIn Project, and the new requirements identified therein. We now briefly describe each dimension, before considering each one individually in more depth. Processes: This dimension embraces the set of activities that are meant to be developed when creating, reusing, or remixing separated content or entire books. Group-organizing, producing, publishing, accreditation, and Content-driven activities are the sub-categories of this dimension. The latter sub-category includes specific activities related to textbook writing, such as brainstorming, planning, researching and finding content, content producing, reusing and remixing, content organization, reviewing, releasing, and templating.

Roles: By allowing reusing and remixing, the producing process goes beyond traditional writing process, which means that traditional roles -like writers, reviewers, editors, and authors -must be reconsidered. New roles, together with some traditional ones, are present in this dimension, such as Content Producers; Idea Generators; different types of Reviewers according to the contents or aspects such as, Technical, Pedagogical and Language; Organizers; Template Designers (Interface and Pedagogical), Accreditators, and Translators.

Timing: This dimension concerns the time when new content is meant to be produced or remixed/reused. Since these are two different processes, the timing dimension is majorly divided into two branches: writing time and remixing time.

Control: This dimension is already well-defined in literature and fits to the project's needs. It deals with the controlling mechanisms of the writing process, which are the same for the create/reuse/remix triad. The different types of controls considered are centralized control, relay, independent, and shared. Control could be assumed by some roles and could change in different process phases.

Granularity:

Refers to the amount of information on a content topic. More information inside some piece of content leads to more coarse granular elements, while a little amount of information encapsulated by content elements brings more reusable, fine granular objects, whilst they tend to be less context-aware. This dimension is extremely important in the domain of open books.

Writing groups: This sixth dimension recognizes the way people are organized, or organize themselves, to collaboratively produce content. The organization for this dimension proposed here adapts a previously presented organization scheme, adjusting it to the needs of the present project.

Processes Dimension

More than just a simple aggregate of rich media content, book production involves a wider spectrum of processes, from group-related activities (group formation, task and roles assignation), to publishing and accreditation, as well as the creative processes themselves. Allowing the creation and management of separated, fine-granular pieces of context, the main process proposed by LATIn ecosystem is undoubtedly book-driven. Thus, all content-related activities are also enclosed in book-related ones. Figure 4 shows this dimension. The so-called Book-driven activities include: Group-related activities, including group formation strategies (by invitation, autoinvitation, open groups, and so on) and the assignment of tasks and roles (which could be auto-assigned or assigned by persons with coordinating roles). Roles, tasks, and the group itself could be changeable during the book production process.

Publishing, with the meaning of creating "frozen" versions of the books and dealing with its distribution.

Accreditation, referring to the process of certifying and approval of a version of the book. This process could be administered by a person or an organization, being done in a manual way, which means that each book version must be under a dedicate accreditation process, or (semi) automatic, when accreditations are given according to the author's profile and previous accreditation.

As noted earlier, content-driven activities are enclosed in book-driven ones. They include:

Brainstorming: more than a group dynamics technique, brainstorming in the current context is a process that must be undertaken to explore the creativity of a person or a group.

Planning is one of the most important processes, since it is essential to decide characteristics of the content that will be covered, such as aspects, approach, information that are vital for the purpose of the book.

Research and finding content: once the planning process is done, the person (or group) involved in this task has to conduct a research on the content, taking into account what was previously decided.

Content producing could be realized in some different ways such as writing entirely new content based on the person's (or group's) previous knowledge and/or the research that was done, reusing some content that matches the objective of the book or remixing this content by adding information, or changing the structure in which the content was originally created.

Content organization gives cohesion, in other words, organizes the different pieces of content produced for the book and puts it into an understandable form, since the content was collaboratively written by people with different writing styles.

Reviewing can be done from different perspectives and at different times: content reviews determine whether the content covers the objectives; technical reviews focus on the text, graphics and images; pedagogical reviews consider whether the content is structured in a sound pedagogical manner; language reviews check spelling and grammar.

Versioning refers to the process of "freezing" the content and organization of a book to release it. Professors will be able to establish their own book versions in order to use them in their syllabus, for instance.

Templating covers the creation, reusing, and remixing of interface templates for applying to individual content or the entire book. This process is related to a specific role, the Template Designer (see next section), and this task can be accomplished in two different ways: interface templating deals with aesthetic features of text and rich media presentation; pedagogical templating refers to the ways the content is organized and exposed to readers. This last type of templating is extremely important to establishing good pedagogical practices. Pedagogical practices generally can be shared among Latin American countries, whose pedagogical context already has some important similarities.

Roles Dimension

In order to promote efficiency and allow people to take initiative in the core team, it is important to have clearly defined roles in a multi-skilled team. In this section, we propose a set of roles for collaborative writing. Some of them are taken from the production of traditional books and are adapted to this new context. Others are defined to include the different roles in the whole process, from group creation to accreditation, for book-driven and content driven activities. The roles required to make a successful core team are shown in Figure 5 and include the following: Content Producer: this role represents a person or a group that uses various methodologies stemming from collaborative writing to create content about a specific topic.

Idea Generator: this person (or group of people) identifies the big picture of the project, leads the others towards the main objective, and keeps the momentum of the project moving forward.

Reviewer: there are four major types of reviewer:

o Content Reviewer: this role is in charge of reviewing the content about a specific subject. This person (or group) must work closely with the Content Organizer, proposing the appropriate modifications.

o Technical Reviewer: this role has the function of checking all the technical aspects of the book or content, for example, checking the consistency of the links, revising the formulas, etc.

o Pedagogical Reviewer: this person ensures that the organization of the content (see below) will make sense from a pedagogical point of view, hence, works closely with the content organizer in order to identify missing contents or elements that must be investigated more deeply.

o Language Reviewer: a native speaker has to review the book in order to ensure that its spelling, syntax, and grammar conform to the target language.

Organizer: having someone on the team who is a good organizer is very useful since things always arise that need to be done and for which details and planning are important.

We consider two roles:

o Content Organizer: a person able to guide the creation of a book, who has clear insights into curriculum needs, while providing swift feedback on all aspects of the contents. Also, he/she proposes the table of contents and will define the collaborative writing strategy for the group.

o Group Organizer: this role is vital in order to organize the team that works on the project. The person in charge of this role should be characterized by various competencies, including project management, relationship management, experience within the field of collaboration, and basic knowledge regarding the topic of the book. Since managing the entire team can be very time consuming, we recommend one full-time coordinator per book.

Template Designer: Again, we consider two roles:

o Interface: this designer develops and maintains the template of each book to make sure that the content produced by the various collaborators (content producers) match in terms of look-and-feel. This person also is responsible for designing and implementing any required improvements in a short period of time.

o Pedagogical: the pedagogical template designer offers a uniform way to fill the table of contents established by the content organizer and ensures that the content of the various chapters is organized according to a common structure that follows a pedagogical strategy.

Accreditator: This is a person or an organization that validates each book against a given level of quality assurance. In our context, the accreditator validates the quality of the book according to the content, technical, pedagogical, and language points of view. Accreditation includes a peer review process to guarantee that the books meet the needs of Latin American students and takes place after the work of the reviewers described above.

Once the accreditation has been established, the books can be disseminated to the target audience.

Translator: when the native language of the content producer does not match with the language of the intended audience, the translator ensures appropriate translation of the content into the target language. After this process, the translation still has to be validated by the language reviewer. This role is crucial for the Latin American context, with its two major languages: Spanish (around 360 million native speakers in the region) and Portuguese (circa 200 million native speakers in Brazil). We believe that these are the main roles to be considered for both content-driven and book-driven processes. In the former case, the group may be small and one person may assume different roles.

In the latter case, with a bigger group, roles can be distributed and a single role can be assumed by different people.

Timing Dimension

The timing dimension is divided in two main branches: writing time, focused on the production of brand new content, and remixing time, when the reuse and remix actions will occur. Figure 6 shows this division. Remixing time can be parallel to the production of some content (content is being remixed whilst it is still being created) or sequential (which means that content is already done and is remixed after its publication -which leads to the classical idea of reuse).

Control Dimension

Controlling involves managing the processes related to collaborative writing of open textbooks.

Posner and Baecker (1992) have proposed a classification of four types of controlling for the writing process. We have extended that classification to a general process related to collaborative writing of open textbooks, as shown in Figure 7, to include the following:

o Centralized, one person controls the process during the whole project;

o Relay, one person at a time controls the open book, but it is not always the same person. The controlling relay is planned from initial phase;

o Independent, each person controls the section on which he or she is working;

o Shared, every role has equal access to the open textbook.

These methods are not fixed; they usually change at different stages of the writing process [START_REF] Noel | Empirical study on collaborative writing: What do co-authors do, use like?[END_REF]. In a Latin American context, teachers in general prefer independent work, where the process for writing an open textbook would be distributed; however, shared controlling may be the best option in order to maintain steady control of work and still allow authors a strong sense of authorship. Posner and Baecker (1992) applied a survey, and they found a relationship between the process control method and writing groups. For example, their respondents answered that the separate writers strategy was used with different types of control: independent, relay, or shared. However, the first method was the most effective under these circumstances. When respondents used the single author strategy, their process control method was almost always centralized, except for two cases where access to networked computers gave rise to shared control. Finally, respondents doing joint writing used either shared, relay, or independent control, the last one proving to be the least effective under these circumstances.

Since the process dimension is related to the collaborative writing of open textbooks, we consider the relation between the role and controlling dimensions, while recognizing that the roles can have different types of control in different process phases. 

Granularity

According to the Webster's Dictionary's etymology of the term granularity, "granule" comes from Late Latin granulum, diminutive of Latin granum (grain): a small particle, especially one of numerous particles forming a larger unit. Discussions about granularity arose when first dealing with Learning Objects (LO). LO granularity would refer to the degree of detail or precision contained in a LO, as well as its size, decomposability, and potential for reuse [START_REF] Silveira | Granularity and reusability of learning objects[END_REF]. This dimension is considered in the scope of this project, as shown in Figure 8: 1. The smallest level of aggregation, e.g. raw media data or fragments.

2. A collection of level 1 learning objects, e.g. a lesson.

3. A collection of level 2 learning objects, e.g. a course.

4. The largest level of granularity, e.g. a set of courses that lead to a certificate CISCO (Cisco Systems, 2003) identifies Reusable Learning Objects (RLOs) and Reusable Information Objects (RIOs). In its strategy, a RLO consist of an overview, a set of RIOs, a summary, or a practice. This view maps the terms "lesson" for a RLO and "topic" for a RIO (however, in the RLO's definition it says that many RLOs can be combined to form a lesson Object can be composed of several Content Assets, but its distinctive feature is that it must have an Instructional Type (e.g., exercise, example, simulation, or question). A Learning Object, in turn, may be composed of several Information Objects, but will only be a Learning Object if it has one Educational Objective. An Educational Objective consists of two parts: a verb and a noun (e.g., "motivate concerning the need for referential integrity", "understand the X algorithm", "measure the skills in conceptual modeling"). A Learning Component has several Learning Ob-jects, but its distinctive feature is that it follows an Instructional Strategy and has more than one Educational Objective. Thus, the main distinction between Educational Objects is not the aggregation level, nor the size in bytes, nor the duration; it is semantics. Semantics from an instructional point of view could be something like "1) Review for previous knowledge, 2) Motivate, 3) Understand, 4) Practice, and 5) Evaluate".

Following these considerations, we observe that the method to Content Generation in a textbook must be guided by the following point: Objects must be aggregated with an "instructional sense", which imposes restrictions on the way to generate content. In this sense, regarding the main context, which deals with open textbooks as the focus point of this methodology, the diverse levels of granularity proposed by Learnativity's Content Ecosystem could be, at the same time, resumed and expanded in order to support a theoretically infinite number of granularity levels, as well as to change the focus from the Learning Objects / Open Educational resources point of view to a more book-oriented, versioning-driven one. Figure 9 shows a UML Class Diagram that briefly presents this idea. As seen in the diagram, metadata is an important part of any content. These metadata (which are meant to be distinct for contents and the books themselves) will be useful to manage adaptation to the different contexts of the Latin American Region.

Writing Groups

Writing groups are the different ways in which the members of the group cooperate together in the writing process. These three approaches are seen in Figure 10.

A more detailed description is added below.

o Single writer: In this strategy, one person writes and the rest play other roles in the group. There is only one content producer.

o Separate writers: In this strategy, the document is divided into parts and different individuals write the various parts. Here we have several content producers.

o Joint writing: In this strategy, several group members compose the text together, either synchronously or asynchronously. Even minute components of the text are decided by a group effort. For our ecosystem of collaborative production, the three strategies are valid. Even in single writer, collaboration is incorporated. In a study by Posner and Baecker (1992), the single writer strategy was very popular. When used, a hierarchical difference among participants of the writing process was observed. A lower status member played the content producer role, while the higher status member would play the role of idea generator. The single writer role was also assigned to the individual most familiar with the required format or the structure of the final document. Some groups of the study use the single writer in order to have a uniformly written document. As mentioned before, the writing strategy is closely related with the process control. Use of the single writer strategy usually implies the use of centralized process control method. According to the same study, the separate writers strategy is also very popular in joint projects. By partitioning the document, the group can work in parallel, thereby speeding up the writing process. The study revealed time pressure was responsible for the use of the separate writers approach. Following the separate work, in most cases there still remains the need to unite the resulting segments in order to create a uniform style. That is why writing strategy is closely related with the different stages of writing process. Joint writing can have different effects on group cohesion and it depends on the maturity of the working group. An experienced group is able to work together more smoothly than a new group. Another important aspect leading to the success of the joint writing strategy is the document control method that is used with it. The respondents in the study used either shared, relay or independent control, the last proving to be the least successful combination.

Conclusions

This conceptual work describes and systematizes a methodology that consists of a digital ecosystem for the collaborative production of open textbooks. This approach has the potential to solve standing methodological problems with current initiatives such as Wikibooks and Connexions. The conceptualization of the collaborative environment as a digital ecosystem provides a fruitful analogy for the sharing and reusing of content by different book-creating and content-creating groups. It also promotes the idea of book production as a non-ending endeavor. This concept could result in higher quality and updated textbooks.

Group organization and productivity may be facilitated by providing content produced through collaboration models. This work presents six methodological dimensions. These dimensions, when combined, provide a flexible framework. Each writing group can select the combination of methodological dimensions that best fits their context.

In order for this suggested methodology to be tested, it needs to be fleshed out in a technological platform. This platform is planned to be built by the LATIn project for the collaborative creation of open textbooks in the Latin American region. To validate the efficacy of the proposed methodology framework, the platform and the implementation strategies, 144 Open textbooks will be collaboratively created by professors from each of the nine partner institutions. 16 books about different topics will be used by each one of the Latin American partners of the LATIn project. This pilot will be conducted to evaluate the proposed collaborative methodology for the creation of books.

The final test for this initiative will be its deployment in higher educational institutions. This adoption will be supported by a strategy that promotes the digital ecosystem and its benefits for institutions, professors, teachers, content producers, and students.
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 1 Figure 1: Collaborative writing process A massive collaboration, called "crowdsourcing" occurs in the ecosystem. The term was coined by Howe(2006). Crowdsourcing is a production model that uses the collective intelligence and knowledge of volunteers across the Internet to solve problems and generate solutions, for example for the development of new technologies or, in this case, for content creation. This concept, together with the "long tail" concept (which points out that the aggregate value of a quasi unlimited set of low-demand undervalued elements usually is higher than the sum of values of a limited set of high-demand most valued elements) are generating a new way of dealing with things apparently distinct (like goods being sold by an e-commerce website and content being delivered through the Internet) that, in fact, share the same essence(Ochoa, Silva-Sprock, & Silveira, 2011).
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 2 Figure 2: A digital ecosystem for the collaborative production of open textbooks
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 3 Figure 3: The Digital Ecosystem's six dimensions
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 4 Figure 4: Process dimension
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 6 Figure 6: Timing dimensionThe definition of writing time is important for organizing the collaboration of participants in the production of open textbooks, and it can be handled in synchronous, asynchronous, or mixed ways. The writing time in synchronous form, according toFerreira (1986), involves occurrences at the same time, narrating, explaining, describing, and making the action simultaneous. Asynchronicity occurs when things do not occur simultaneously. In asynchronous communication, participants collaborate on writing content and interact without regard to time. According to Cabeda (2005), asynchronous writing times give flexibility to the participants, providing greater freedom for the individual to set the time of their participation, as well as the depth of their reflections.
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 7 Figure 7: Control dimension
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 8 Figure 8. Granularity Dimension Metadata standards consider different levels of granularity, called Aggregation Level. This term is used in IEEE Learning Object Metadata (IEEE-Standards Association, 2002) to describe "the functional granularity" of a learning object, classifying it in a four-stepped scale for aggregation level:

Figure 9 .

 9 Figure 9. UML Class Diagram of LATIn supporting structure for open textbooks with heterogeneously-granular content
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 10 Figure 10. Writing groups Dimension

Table 1 :

 1 Table 1 describes the different types of controls(Centralized, Relay, Independent, and Shared). Each role could be assumed in different phases of the process, where according to the established control it is possible to realize different activities. Consider, for example, such portions of the process as Producing Content, Reusing, Remixing, Brainstorming, and Reviewing. Notably, in the first process phase (group formation), it is necessary to apply centralized controlling. The Relationships between Roles, Control and Processes

	Role / Control-	Centralized	Relay	Independent	Shared
	ling				
					GRA/Group
	Content Pro-ducer	CRAContent/ Producing, reusing & remixing	CRA/Researchin & g Finding Content; CRA/Content Producing, reusing & remixing	CRA/Researching & Finding Content; CRA/Content Producing, reusing & remixing	Formation; CRA/Brainstorming; CRA/Researching & Finding Content; CRA/Content Producing, reusing
					& remixing
	Idea Generator	GRA/Group	CRA/Brainstorming;	CRA/Brainstorming;	CRA/Brainstorming;
		Formation	CRA/Researc bins	CRA/Researching	CRA/Researching
			&	&	&
			Finding Content	Finding Content	Finding Content
	Reviewer				
	Content	CRA/Reviewing/	CRA/Reviewing/	CRA/Reviewing/	CRA/Reviewing/
		Content	Content	Content	Content;
					CRA/Releasing a
					version
	Technical	CRA/Revi wing/ e	CRA/Reviewing/	CRA/Revi wing/ e	CRA/Reviewing/
		Technical	Technical	Technical	Technical;
					CRA/Releasing a
					version
	Pedagogical	CRA/Review ng/ i Pedagogical	CRA/Review ng/ i Pedagogical	CRA/Review ng/ i Pedagogical	CRA/Reviewi g/ n Pedagogical;
					CRA/Releasing a
					version
	Language	CRA/Reviewing/ Lan-guage	CRA/Revi wing/ e Language	CRA/Revi wing/ e Language	CRA/Revie ing/ w Language;
					CRA/Releasing a
					version
	Organizer				
	Content	CRA/Content			CRA/Releasing a
		organization;			version
		CRA/Researching			
		& Finding			
		Content;			
		CRA/Releasing a			
		version			
	Group	GRA/Group			
		Formation;			
		GRA/Task			
		assignments and			
		changes;			
		GRA/Role			
		assigments and			
	Template De-				
	signer				
	Interface	CRA/Templating	CRA/Templating	CRA/Teinplating	CRA/Templating

  ). A RIO is classified based on instructional purpose: concept, fact, process, principle, or procedure. Alternatively, Learnativity's Content Ecosystem is a hierarchy of Educational Objects, in which the Learning Objects are one specific type of Educational Objects. This hierarchy suggests four types of Educational Objects: Content Assets, Information Objects, Learning Objects, and Learning Components. A Content Asset can be any digital resource. With a little more context, an Information
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