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 1. INTRODUCTION 

Corporations have been extensively influenced by the adoption of information and 

communication technologies during the last decades. Computer numerical controlled 

machinery reduced the need for manual operations, enterprise resource planning 

systems automatized information processing tasks inside and outside the firm, and 

web based virtual environments made real digital global networks. 

Despite its growing importance, these technologies have had little impact on 

operations management education during the last decade in Brazil. A survey 

conducted among 44 universities reported that e-learning is still experiencing its 

initial diffusion in this country and, although the required technological tools to 

support this educational modality are already available for use at institutions, few 

lecturers, professors and researchers currently explore their collaboration and 

communication capabilities to improve educational effectiveness and to develop 

innovative research possibilities (Fleury et al, 2008). 

This paper presents a framework that provides guidance on the design of e-learning 

environments that aim to improve educational and research capabilities at operations 

management academic institutions. These virtual environments are designed to 

explore new communication and collaboration possibilities to generate different flows 

of knowledge, facilitating the conceptualization and improvement of students and 

educators activities and related work. The framework was developed using an action-

research approach, combining empirical research initiatives and theoretical concepts 

from different areas, including strategy, product development, and technology 

management. Recent research initiatives include the design of virtual environments to 

help students during the development of their final papers, the design of virtual 



environments as the final work of disciplines and the participation at virtual reality 

worlds to promote general educational activities. 

This paper is structured as follows. Section 2 presents a literature review concerning 

some important opportunities and threats for educators in this new century; section 3 

presents a framework designed to guide researchers during the construction of 

research initiatives about collaboration and communication; section 4 presents results 

obtained with different initiatives that used the proposed framework; finally, section 5 

concludes and presents some considerations for future research initiatives  

 

2. LITERATURE REVIEW 

This review of relevant literature explores concepts for the formulation of e-learning 

environments designed to expand educational processes using new communication 

and collaboration tools.  

Improvements in information and communication technologies, combined with 

advances in social, political, and economical fields, transformed the structures of 

society, and consequently, generated new educational demands. Analyzing education 

in the early years of the 21st century, Morin (2007) highlights some important issues 

that should be considered, including: 

• Knowledge cannot be used as a “ready made tool” anymore; it is necessary to 

customize it consistently within its context, in accordance with individual and 

cultural requirements; 

• In a globalized world, it is necessary to teach how to analyse global trends using 

local references, and to be effective, students should make use of holistic local 

references. Fragmented knowledge breaks links among different disciplines. It is 

necessary to teach methods that connect global and local realities, evidencing 



mutual relations and the reciprocity between the parts and the whole in complex 

systems; 

• Humans are physical, biological, psychological, cultural, social and historical 

beings at one time; however, traditional education is fragmented, comprehending 

only one perspective at a time. It is necessary to generate new educational 

possibilities to stimulate parallel thinking through the simulation of complex 

experiences; 

• Some certainties became evident during the last decades, but also some 

uncertainties; as a result, it is not possible to teach only certainties anymore. 

Educators should teach strategy principles that make possible for students to face 

the unexpected and the uncertain, modifying the educational process based on the 

evolution of students and the competences they acquire; 

• Comprehension is part and a result of the human condition; however, educating 

for comprehension is not an objective of education but it should be a priority. 

 

According to Senge (2008), currently three dimensions of the complex organizational 

and institutional environment must be highlighted: a) the dynamics of the industrial 

organization of global production; b) the transformation of employment – from 

formal, secure and regulated labor markets to informal, insecure and unregulated; c) 

the changing role of civil society actors, especially non-governmental organizations. 

Complexity requires complex thinking, theories developed according to novel 

assumptions, frameworks and teaching methods, which prepare the student to perform 

in unpredictable and uncertain conditions.  

Therefore, in this changing society, new skills and competences are required and 

educational processes must evolve continuously. Previous observations reinforce the 



need to educate using complex environments, where educational conditions are 

unpredictable and uncertain, and learning processes change in accordance with 

previously obtained results. 

The creation of e-learning environments to expand educational possibilities has been 

explored at operations management undergrad courses during the last decade in 

Brazil. Some relevant experiments reported at Brazilian journals and symposiums 

include the use of teleconferences (ANDUJAR,  2002)  video  and  audio conferences 

(BENTES  &  MAZUR,  2006),  the  creation  of  multimedia  content  (ZORNOOF, 

2007),  the  diffusion  of  learning  materials  (EVANGELISTA  &  HECKLER,  2006), 

and  the  use  of  chats  and  forums  as  educational  tools  (MASETTO,  2006).  

However, these reports are about successful initiatives developed at specific contexts, 

thus, they cannot be replicated outside its original environment, making impossible 

the development of comparisons and the observation of best practices. 

Aiming to analyze how e‐learning diffusion is happening at Brazilian operations 

management undergrad courses in a broad sense, Fleury et al. (2008) developed 

a research about the state of the practice of e‐learning at these courses. Research 

objectives included the development of a referential of e‐learning practices, the 

creation  and  application  of  a  questionnaire  and  the  statistical  analysis  of 

obtained  results.  From a population of 203 undergrad courses, 44 respondents 

reported that e-learning is still experiencing its initial diffusion at their institutions, 

meaning that although the required technological tools to support this educational 

modality are already available for use at these institutions (72%, usually using 

Moodle, an open source learning management system), currently less than one quarter 

of lecturers, professors and researchers effectively explore their collaboration and 



communication capabilities to improve educational effectiveness and to develop 

innovative research possibilities. 

These observations reinforce the relevance of research initiatives that provide 

guidance on the design of innovative e-learning environments and the development of 

frameworks of practices that make possible comparisons among different empirical 

initiatives. To be effective, the resulting frameworks should incorporate two 

important characteristics. First, communication and collaboration should be priorities 

during the development of projects of interest for students: since every project 

generate a different output, every project development is different, and consequently, 

the educational process and related communication and collaboration will happen in 

different ways, guaranteeing its uniqueness, consistently with Morin’s proposition. 

Secondly, the resulting framework should be replicable, to be used in other 

experiments, making possible comparisons among obtained results and eventually the 

observation of best practices for e-learning environments construction. Next sections 

describe the construction of this framework and its validation with different empirical 

initiatives.  

 

3. RESEARCH INITIATIVES 

Since the objective of this research was the creation of a framework to provide 

guidance on the design of innovative e-learning environments, the adopted research 

methodology was action-research. Action-research is a methodology that 

comprehends different natures of research initiatives and it should be performed when 

expected results include simultaneously action and research, consistently with this 

research scope (Coughlan e Coghlan, 2002).  Figure 1 presents the action-research 

cycle, which has been used throughout this research project. 



 

 

Figue 1: Action research cycle 

Source: Coughlan and Coghlan (2002) 

 

Research experiments started some years ago, with the creation of an experimental 

blog to promote communication between the researched community and researchers 

during a digital inclusion project. Obtained results were disappointing, since no 

message was posted in this blog and no interaction happened. During last two years 

several new experiments were designed, implemented, and evaluated, and data from 

these experiments were gathered and analyzed, following the proposed action 

research cycle. Experiments are divided into two major categories: projects aiming to 

improve communication and collaboration and projects aiming to develop new 

business models using e-learning environments as prototyping platforms.  

Projects aiming to improve communication and collaboration to create value for their 

participants construct collaborative virtual environments and involve participants in 

the analysis and proposition of solutions for specific business issues using different 

virtual collaboration tools and remote support. Research initiatives include the use of 

virtual environments to support the development of final papers at MBA programs 



and the design of a virtual environment as the theme of final course works. For these 

research initiatives, most important critical success factors include the degree of 

involvement of participants in collaborative activities and the maturity of the resulting 

projects. 

Projects aiming to develop new services capabilities and analyze their impact in the 

creation or transformation of business models and generation of new global networks 

are based on the experimentation of new emerging technologies. A project concluded 

in 2007 established a value chain to commercialize cultural content created and 

produced by social underdeveloped communities for the mobile market. Recently, 

another project analyzed the possibilities of using virtual reality systems to improve 

learning and research possibilities for operations management courses. Critical 

success factors for these projects include the operational viability of the identified 

new business models and the possibility of incorporating new technological 

capabilities into daily operations. 

 

4. A FRAMEWORK TO DESIGN E-LEARNING ENVIRONMENTS 

A common framework, used to design e-learning environments, emerged as the result 

of this action-research initiative. This framework comprehends four phases, which 

have been common to all projects: conceptualization, analysis of requirements, 

prototyping and process definition. It is important to observe that the phases proposed 

by this framework are consistent with software development frameworks 

(Sommerville, 1997) and also with product development frameworks (Rozenfeld et 

al., 2007). Figure 2 presents the proposed framework for designing innovative e-

learning environments. 

 



 

Figure 2: A framework for designing e-learning environments 

Source: Created by the authors 

 

 

- Concepts 

The conceptualization phase establishes the vision of the e-learning environment, and 

consequently, determines its critical success factors and key process indicators. All 

different environments were conceptualized using the Technology Roadmapping 

approach (Probert et al., 2003), a technique that analyses the evolution of three 

different perspectives to conceptualize a product or a service: market evolution, 

product characteristics and technology management issues.  

Two main topics are considered during market analysis: what current and future 

market trends exist and how essential competences may effectively be used in this 

context.  Current and future market trends analysis usually uses Porter’s competitive 

forces (1979), considering threats of substitute products, threats of the entry of new 

competitors, intensity of competitive rivalry, and bargaining power of customers and 



suppliers. Core competences analysis usually considers Prahalad and Hammel (1990) 

approach, considering corporate core products and services. 

The analysis of the desired functionalities of products and services includes usability 

studies (Abrahão et al., 2005). In this context, the observation of how users perform 

their activities provides useful insights to improve existing systems or to promote the 

creation of new systems, exploring new interfaces and new functionalities. 

Finally, analysis about the technological perspective defines what are the technologies 

that will be used to develop new products consistently with previous analysis and 

findings. The framework used in this analysis was proposed by Gregory (1995), and 

includes five phases: technology identification, selection, acquisition, protection and 

exploration. 

From the harmonization of the results obtained in each analysis, a final roadmap is 

generated, presenting a holistic view of the desired evolution of the e-learning 

environment over time, providing the guidelines for its current and future 

developments.  

 

- Requirements 

The guidelines proposed for the e-learning environments are then structured as system 

requirements. These requirements are formal specifications of what the system is 

expected to do, and therefore, its definition requires a deeper understanding of system 

functionalities and a formalization of these features. This activity is performed using 

traditional requirements engineering principles (Sommerville, 1997), including 

observation of similar environments, realization of brainstorms and realization of 

interviews with potential users.  



Other important sources of knowledge for the specification of these requirements are 

forums, blogs and other Web 2.0 collaborative systems. The term Web 2.0 was 

created to describe tendencies concerning the design of systems and services that have 

as main objectives improving creativity and sharing information and collaboration 

among participants at Web based environments (O’Really, 2005). These 

environments proved to be very effective in the diffusion of knowledge concerning 

products and services during the last years, which are important information to be 

used for the conceptualization of these environments. Moreover, observing the 

dynamics of involved communities is also important for the design of the 

communications that will be used during the development of virtual environments. 

Finally, requirements are formalized using one of the following techniques: natural 

language text, use case diagrams or flowcharts. These specifications are then shared 

among different stakeholders and improvements and corrections are incorporated. 

With the requirements specified, the project has its main features defined and it is 

detailed using project management practices. Requirements are detailed into a work 

breakdown structure, and from this WBS, chronogram and budget are established. 

 

- Prototype 

Requirements specifications are implemented into the e-learning environments using 

prototypes. This is an iterative approach and each iteration comprehends an analysis 

of major risks and the implementation of some features. At the end of each cycle, one 

functional prototype is available and is validated with different stakeholders; from the 

provided feedback, a new cycle is planned.  

Prototypes are developed using an open-source software as its basis. Therefore, the 

initial prototype already has a number of common tools that can be explored during 



the construction of the environment, including forums, wikis, blogs, chat, tests and 

other useful tools. If some required tool is missing, it is possible to find additional 

plug-ins at the Web, minimizing codification efforts. However, if it is not possible to 

find this plug-in, then the feature is implemented using programming languages 

compatible with the open source framework.  

Working with open source software proved to be a very useful strategy, since 

development costs are minimized, most of the work is concentrated in the formultion 

of e-learning possibilities and, since there is a global trend towards open source 

software for this type of application, compatibility is guaranteed, minimizing future 

maintenance costs. 

 

- Process 

The final stage in the design of the e-learning environment is the definition how it will 

operate; therefore, this phase comprehends the formalization of its operational 

process, including methods, tools and required personnel. 

Required personnel to operate e-learning environments may include instructional 

designers, to conceptualize and to implement new e-learning courses and initiatives; 

course assistants, to help and to support students during courses; tutors, to generate 

new content; web designers, to create graphical content and animations, among 

others. 

Tools that will be used by these personnel include the e-learning environment itself 

and other support tools. Support tools may be graphical editors, word processors, and 

animation generation tools. Usually these tools run at stand-alone personal computers, 

but with the emergence of cloud computing, there is a growing interest in the use of 

online tools and sharing work documents. 



Finally, the definitions of the method that will be used to operate the resulting e-

learning environment include the definition of its dynamics, and consequently, the 

resulting method depends on the objectives of the environment, varying among 

different initiatives. 

 

5. RESULTS FROM PROJECTS 

Since this is an action-research initiative, obtained results are analyzed using 

qualitative criteria. Research initiatives are grouped in accordance with its most 

important critical success factors, and currently these factors are (Horwitch and Stohr, 

2008): 

 

- View customers as sources of value creation 

Projects that develop collaborative processes to analyse and to propose solutions for 

specific problems faced by students usually generate new business and research 

opportunities. These e-learning environments are used to support students developing 

their final paper, and the development of this final paper includes the identification of 

a real problem, the definition of objectives, a literature review, the design of a 

research initiative and the proposition of a solution to solve the proposed problem.  

Final results are usually projects of solutions of the analysed problems. Since these 

are still projects, there is the need to implement it in order to effectively solve the 

corporate problem. This need generate new opportunities of collaboration between 

students and advisors, and consequently, involvement tends to be continuous. 

The environment is used to promote discussions and to deliver support material. 

Discussions happen among students and their supervisors using forums, wikis, blogs 



and chats. Support materials include knowledge bases, templates of formatted 

documents, and papers about research methods.  

 

 

- Analyze global market needs and technological trends 

Research initiatives also aim to develop a comprehension of emerging technologies 

and analyse their potential for the educational process.  

A project using Second Life promoted conferences at a cultural centre of a Brazilian 

back established in this popular virtual reality world. Important professionals and 

academics made conferences and attending public included students from Brazilian 

universities.  A significant number of conferences happened, and a relevant number of 

students attended. However, it was not possible to determine the quality level of the 

audience; moreover, it was not even possible to be sure about the right number of 

attendants. Conferences attracted other academics that were researching Second Life, 

creating a global network of universities interested in the theme “virtual world 

research”. 

 

- Source competencies as needed, including open sourcing opportunities 

Since the development of these e-learning environments combine different 

competences, a clear sourcing strategy is required to obtain all needed skills. Part of 

the skills are internalized, part of these skills are contracted from other companies. 

Source contracts vary, from preferential suppliers until service level agreements 

arrangements.  

 

- Manage new forms of business partnerships and alliances  



Projects developed using the proposed framework required different types of 

partnerships to be implemented, including universities, enterprises, governmental 

agencies and individuals. Each partnership demanded a specific arrangement, usually 

working in a “coopetition” model. In this model partners cooperate to identify, to 

select and to explore distinct opportunities but compete for the financial resources 

generated during project execution. Articulating those networks of partners proved to 

be a major challenge, since partners have distinct interests, eventually conflicting, 

changing over time and working with complex bureaucratic structures.  

 

5. CONCLUSIONS AND FUTURE RESEARCH 

The development of a framework to guide the creation of e-learning environments 

was successful. The resulting framework presents a defined process, guiding 

initiatives that aim to promote collaboration and communication to create new 

research possibilities. This framework has been applied at different situations and it 

has been useful in all cases. Last initiatives demanded minor or no customizations, 

revealing that the proposed framework is mature. 

Obtained results are useful and aligned with emergent trends in researches about 

technology management, including the development of research that leads to new 

research opportunities, the analysis of new technological trends, the management of 

globally dispersed projects and the formulation of complex partnerships to make 

projects viable. 

Future research initiatives include the use of the proposed framework at case-study 

researches, in order to test its robustness in non-controlled research initiatives. If this 

initiative is successful, the framework will be used for the establishment of 

collaborative best practices in virtual environments. Finally, the framework will be 



used in the creation of environments for new operations management complementary 

research initiatives, in themes such as usability, project management, mobility and 

virtual reality. 
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