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Abstract

The technique of structural analysis in foresight study from the Faculty of Economic and Administrative Sciences of Instituto
Tecnologico Metropolitano- ITM Medellin, Colombia allowed defining the strategic variables that will guide its strengthening in
2020. The aim of this article is to present the conceptual references of the technique and results of the implementation of
MICMAC to determine the degree of influence and dependence variables. The methodology used to achieve the objective was
the analysis of 55 key variables that were prioritized because of their importance to determine the 15 strategic variables that
have to project the future actions taking into account the situation of autonomy, power, conflict and output. In this regard, it is
concluded on the relevance of the variables in the power quadrant corresponding to the mobility, physical and technological
infrastructure as they are those that enable participation and interaction with other academic, productive and governmental
entities; and in the quadrant of link variables of strategic direction, teachers, students, research, partnerships, academic
management, financial resources and innovation have the greatest influence on future variables that have an effect on capacity
building and the effective allocation of institutional resources.
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1. Introduction

The dynamics of the labor market and social needs faced by Higher Education Institutions leads to the need of
permanent research on technological, scientific, educational and social trends of regional and national context. This is in
order to identify clear paths of development, strengthening and positioning of these institutions in society (Noguera and
Cubillos, 2007). Thus, identification of trends of change factors in the Faculty of Economics and Administrative Sciences
Instituto Tecnoldgico Metropolitano, a Higher Education Institution attached to the Mayoralty of Medellin, Colombia; helps
to provide references in the scientific field, necessary for capacity building to provide it with a supply of knowledge-based
innovation and technological development of its products, processes and services. That is, factors of change in the
scientific field that respond to the needs and opportunities that are set out by changes in local, regional, national and
international environment (Valderrama, 2005; Mufioz-Cano, Cérdoba and Priego, 2012), and contribute to problem
solving and social needs in the contexts that universities are involved (Parra, 2004).

The impact on education field and specifically in higher education, it sets out the need of facing changes that allow
creating operational and dynamic capabilities (Grant, 2006) in the incorporation of teaching and research processes
knowledge. In this part, appear new studies to orientate the programs and management processes, where the quality and
competiveness factors in higher education play a relevant role in the institutional recognition. Some oriented studies are
involved in: foresight analysis of management department of Colegio Mayor de Nuestra Sefiora del Rosario (Ochoa and
Orjuela, 2012) and design of a foresight methodology applied to higher education (Parra et al., 2007); current tendencies
in higher education as: world and country tendencies (Restrepo, 2006), study of academic foresight of agro-industrial
department of the Universidad Pontificia Bolivariana at 2020 year (Zartha and Orozco, 2008), current situation and sub-
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academic programs foresight of the Universidad Nacional Abierta (Gutiérrez, 2007), the role of foresight action in
Venezuelan higher education: Risks and challenges to think the university of tomorrow (Villalobos, 2003), and the
application of foresight methods in the determination of distinctive competences in Cimex de Cienfuegos branch
(Hernandez and Rodriguez, 2011).

The objects of knowledge of the Faculty are the disciplinary compendiums of economics and management
sciences. The thematic areas currently served are: quality and metrology; production, cost accounting, budgeting
systems, finance and financial affairs, administrative management (business) and technology management (technology
management and innovation) and entrepreneurship.

In this sense, it is a mechanism that responds to the social and productive sectors, and enables the creation of
new academic activities and strengthening of existing ones. Foresight studies are necessary, as they allow addressing
the Faculty programs. For this purpose, the techniques used in the foresight study are not restricted to quantitative
methods; they also use qualitative methods and they are systemically combined (Rodriguez, 2012; Pereda, 1992; Riffo,
1997). This facilitates the identification of strategic key variables and emerging events, product of the potential behavior
by the agents that could alter the normal course of trends.

2. Theoretical Framework

Foresight studies have their theoretical basis on the approach of the French school, and strategic foresight whose
greatest exponents are and Michel Godet (1999), Gaston Berger (2003) and Hugues de Jouvenel (2011). Identifying
changes and orientation programs implies that it should be viewed under complementary methods and evolutionary
trajectories, i.e. "the belief in the occurrence of a unique perceptible future at first observation is displaced by the practice
of monitoring, continuous analysis and development of possible scenarios” (Godet, 1999).

Foresight planning seeks to provide educational responses to the need to collect, integrate and relate relevant
information, using tools that allow for analysis of strategic or key variables, behavior and forces of social actors, the
building of bet scenario and strategies to reach it (Apodaca, 2001; Georghiou et al., 2012).

This process involves formulating a series of questions that lead to identify the elements to shape the future. These
key questions are: What are the key or strategic variables that define the organization now? In which scenarios could we
find the organization, years later? Which of these is the most convenient? What strategies are necessary to implement for
the best future option and to avoid those that do not? (Mojica, 2005). These are harmoniously combined to offer
alternative scenarios: where we go? Its strategic evaluation: Where is convenient to go? Its tactical planning: How, where,
with what, with who? (Miklos and Tello, 2007)

The formulation of these questions has a purpose, it seeks to respond in a systematic way without leaving out the
management of uncertainty that involves the search for a possible future. For that effect could be considered in the
proposal of how to carry out processes to identify a possible futures (Mojica, 2008; Godet, 1999; Jouvenel and Medina,
2011).

e State of the art about processes work on the topic: indicators and measurements of phenomena.

e Trends, change factors and characteristics of the company and the environment.

e Strategic or key variables: the foresight exercise requires knowledge of the subject variables being studied.
General explorations of the phenomena that define the subject take place, to point out the strategic variables
or fundamental aspects of the topic that are being analyzed.

e Behaviors of social actors: analyzes the strengths of the actors; convergences and divergences (alliances and
conflicts) that can exist for achieving goals.

e Probable scenario and alternative scenarios and bet scenario: A scenario is a picture of the future, usually
several types of images or future scenarios are identified.

To develop the stages, the using of foresight tools is proposed: Regnier's abacus, structural method (MICMAC),
the method of play of actors (MACTOR), DELPHI technique, and scenario analysis to evaluate the probability of events
(SMIC). For the development of this article, one of the techniques used in the study foresight in the Faculty is analyzed,
which corresponds to the structural analysis method by applying the MICMAC.

2.1 Importance of strutural analysis

Structural analysis is a technique used to identify key variables which can be described processes of collective reflection
to build the vision of the future (Ambrosio and Delgado 2008). As a result, the method reveals the "structure” of relations
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of dependence and mobility between system variables and points out the essential variables in the evolution of the
system (Ambrosio and Delgado, 2008). Finally, the method determines which of these variables are the most important
and then identifies the main actors that can affect the object of study (Guzman, Malaver, and Rivera, 2009)

The variables are chosen by experts, who also determine the direct relations between them, and using
mathematics, the indirect variables are determined. This process can be done through “brainstorming” experts (Portillo
and Ortega, 2004). In this regard, the influence of one variable on another can be classified into direct, indirect and
potential. These influences are described after the key variables are identified. The influence is direct if a variable A has
an effect on another variable B and indirect, if the variable A influences B and B influences a third variable C. Thus, by
transitivity, C is indirectly influenced by A. The potential influence has to do with the influence that should have a variable
A over another B, and if there is no direct influence of one variable on another, it is said that there is no influence (Portillo
and Ortega, 2004).

Applying the properties of the Markov chain, this tool allows establishing hierarchies and classifications of the
elements according to their dependency and mobility properties. The successive power of matrix 2, 3, 4 ... n powers
leads to a classification of the different elements of the matrix according to the total number of conducted or received
influences (Ambrosio and Delgado, 2008).

The method of structural analysis can be very useful as a support in decision-making, evaluation of alternative
future, operational planning and in determining the impact of strategies or areas of research in the study of a discipline
(Morin and Pakman, 1994).

2.2 MICMAC application

The Micmac software has been developed by the Institut d'Innovation Informatique pour I'Entreprise, under the
supervision of their creators, Laboratory for investigation in Prospective Strategy and Organization, LIPSOR (Godet,
1999). This corresponds to the structural analysis where the structure is defined as a reality that is studied as a system,
and these elements keep interdependencies (Mojica, 2005), at the same time it allows the consideration of qualitative
variables and exploring multiple and uncertain futures (Jimenez, 2009).

The method starts from the problem definition, then a list of internal and external variables are identified. It
proceeds to analyze the relationship between the variables that system is made, weighing that relationship according to
the degree of mobility and dependence between existed variables. These variables are weighted according to the
following qualification: if the degree of influence is non-existent, low, medium or high, a scale that can be 0, 1, 2, and 3 or
0,1, 3and 5 is used. This matrix entry is generally qualitative, so it is possible to adjust the intensities of the relationships
(0 = non-existent, 1 = weak, 2 = medium, 3 = strong, P = potential). The qualifying result identifies the key variables:
direct and indirect classification.

Analysis of mobility (Influence) and dependence are obtained by the location of the indicator of the variable in the
quadrant, resulting in a variable that can be power variable, autonomous, of conflict or output variable, according to their
degree of influence and dependence.

3. Methodology

The methodological bases that guide the foresight study of the Faculty of Economics and Administrative Sciences are
analyzed from the trends and change factors for the future of the programs. For this purpose, the academic context and
programs are analyzed. This information is contained in educational projects programs-EPP-, which is complemented by
a review of other foresight studies in Higher Education Institutions (Gutiérrez, 2012), in which a marked exploratory and
normative approach are stood out. This search has focused on the processes of accreditation, mobility, research,
relationship with the productive sector, interdisciplinary training, profiles of teachers and students, recognition and
visibility of programs in the community, inter-institutionality, knowledge transfer, and others.

4. Analysis of results

In the first phase of the process, preliminary results of the study in which a literature review on prospective studies in the
national and international level that allowed realizing the theoretical, conceptual and methodological approach are
presented. Subsequently, Educational Projects Programs "EPP" were reviewed and 59 variables that were rated by the
leading team by using the Regnier's abacus were proposed. Subsequently, an analysis is carried out on the impact that
each variable would have on the development of the Faculty, facilitating about 15 key or strategic variables as shown
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below:

Delimitation and grouping of variables enables distinguishing those that are key or critical for success.
Consequently, these are the variables that can be influenced through decisions made and orientate the Faculty policies.
In the same way, they can significantly affect the competitive position of the programs (see Table 1).

Table 1: Rating of strategic variables’ matrix

3: 5: 7: 9: 14 15:
1: 2: 4: 6:INF 8: 10: 11: 12: 13:
PRO DIR PROY PROY REC INN -
MOV | INV ACA EXT EST FIS-TE PRG VIR socC DOC | EGR | EST | ALIAN EIN CON
1: MOV 0 3 2 2 2 1 3 1 2 3 2 3 3 2 3
2:INV 3 0 3 2 3 2 3 1 2 3 2 3 3 2 3
3:PRO
ACA 2 3 0 2 2 1 3 2 2 3 2 2 2 2 2
4 EXT 2 2 1 0 2 2 2 2 3 2 2 2 3 3 2
5:DIR
EST 2 3 3 2 0 3 3 3 3 3 3 3 3 3 3
6:INF
FIS-TE 1 2 2 2 2 0 2 2 2 3 2 3 2 3 3
7:
PROY 2 3 3 3 3 2 0 3 3 3 3 3 2 3 3
PRG
8:VIR 1 2 2 2 2 2 2 0 2 3 2 2 2 2 2
9:
PROY 1 2 2 2 2 2 2 2 0 3 2 3 2 3 2
SoC
Wbz 3] 3 [ 2] 3 2 3 3 2 o | 2 | 3 3 2 3
DOC
11:
EGR 1 1 1 2 2 1 2 2 2 1 0 1 2 2 2
12 EST 3 3 2 2 2 2 3 3 3 3 1 0 2 2 2
13:
ALIAN 3 3 3 3 3 2 3 2 3 3 2 3 0 3 3
14
REC FIN 3 3 3 2 3 3 3 2 2 3 2 3 3 0 3
15:INN
CON 3 3 3 2 3 3 3 2 2 3 2 3 3 3 0

These variables are explained as following:

Mobility (MOV): enables the different actors (teachers, students, graduates, administration staff, etc.) participation and
interaction with other higher education institutions and the productive sector in exchange, internships, joint projects, and
others.

Research (INV): development, management, marketing and recognition of research projects.

Academic production (PRO ACA): any material that can be developed as a result of teaching practice (modules,
courses, guides, training materials, etc.).

Extension (EXT): offer of update courses, seminars, conferences, programs, projects, and others; which enable
different audience’s qualification.

Institutional strategic direction (DIR EST): responds to the institutional philosophy, policies, development plan,
strategic lines, corporate welfare, evaluation and accreditation.

Physical and technological infrastructure (INF FIS-TE): represents the logistics support that enables the realization
and development of academic activity.

Future projection of programs and academic management (PROY PRG): Design and relevance of curriculum
development and program development, standardization, curricular flexibility, curriculum, regionalization, distance
modalities and plurilingualism.

Virtuality (VIR): offering academic activities from using virtual media (use of ICTSs).

Social projection (PROY SOC): professional practice activities (social - business), consulting, consultancy and
strengthening of the sector.

Teaching (DOC): teaching and learning methodologies, linking processes, recruitment, qualifications, updating,
scale and performance evaluation.
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Graduates (EGR): information system, professional relations and job performance, academic continuity, updating
cruses and association.

Students (EST): admission process, requirements and quality of student retention, academic and social support,
participation in various academic institutions, and others.

Business alliances, agreements, and membership networks (ALIAN): articulation of programs of the Faculty with
other institutions and organizations at national and international level.

Generating financial resources and growth (REC END): creating products and services that enable the production
of incomes.

Innovation and knowledge transfer (INN CON): mechanisms to create, develop and explain knowledge.

Table 2: Explanation of the quadrants.

Situation Name Description
No significant influence over the other or not influenced by them, since they have little

Excluded I .

mobility and little dependence.
Power Il | Input They have the highest mobility and lower dependence.
They have high mobility and high dependency. These very influential variables are highly
vulnerable, influence over the remaining, yet influenced by them.
Output IV | Result They are the result of the above, have low mobility but high dependence.

Source: Adapted from Godet (1999).

Autonomous

Conflict Il | Liaison

The following quadrants are presented in figure 1:

» Lower left quadrant; "autonomous" or "Excluded"; extension variables, virtuality, graduates, academic
programs and social projection. No significant influence over the other or not influenced by them, since they
have little mobility and little dependence.

«  Upper left quadrant; "Input" or "Power"; the variables of mobility and physical and technological infrastructure,
have the highest influence and lower dependence. These variables are very important for the results obtained
from the problem of the future of the Faculty, because they have influence on most of them and have little
dependence of them; any change that occur in them will have repercussions throughout the system.

»  Upper right quadrant; "Liaison" or "conflict". strategic direction variables, teachers, students, research,
partnerships, projects and programs, financial resources, innovation and knowledge transfer. They have high
influence and high dependency, which means they are very influential and highly vulnerable variables, as any
variation of them has an influence on the remaining, and the outputs or results.

+  Lower right quadrant; "Result": the study provides no variables in that quadrant. It describes the variables that
have little influence and high dependence.

Plane of influences/direct dependence
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Figure 1: Plane of direct influences.
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Figure 1 shows how the variables located in Quadrant Power, have a high influence on the future of the Faculty, as it has
greater mobility to generate future system-width and low dependence of other variables. These variables largely define
the future of the Faculty and influence others in the future generation. The first of them is Mobility (MOV), which enables
participation and interaction with other academic, productive and government entities. The second one is the physical and
technological infrastructure (INF FIS-TE) which provides logistic support for the implementation and development of the
academic function of the Faculty, this future variable, has been at the boundary between the variables of Power and the
autonomous variables, indicating that it requires greater management to ensure that their attributes are subsequently
enhanced.

The second most important quadrant is Conflict Quadrant, where most of the critical variables for the future were
located. In order mobility, it was verified that there, the Institutional Strategic Direction (DIR EST) variable assume greater
relevance in the quadrant, as it has the greatest influence on other future variables. This variable contains within itself the
institutional philosophy, policies and strategic guidelines of Instituto Tecnoldgico Metropolitano, under which the Faculty
of Economics and Administrative Sciences is guided and serves to establish the north in their daily work. It happens there
in the short-term management but it will be vital in the near future of the Faculty.

In this same quadrant and a second level of importance, there are the variables of Business alliances, agreements,
and membership networks (ALIAN), and then the Future projection of programs and academic management (PROY
PRG). These variables refer in the first instance to the ability of the Faculty to generate dynamic of team working, both at
mission and vision level, with other institutions in the international and national level, to enable it to enhance its strategic
proposals, as well as to ensure that the Faculty achieves its objectives and goals, it can succeed significantly in higher
levels. Respectively, academic management is the variable which aims for the welfare of the current level program
curriculum, social relevance, academic flexibility, teaching-learning models in accordance with the disciplines it teaches.

In the analysis, and a relevant third momentum in this quadrant, is financial resources and economic growth (REC
END) of the Faculty and the Innovation and Knowledge Transfer (INN CON). In these variables we analyzed the way that
products and services that enhance revenue generation are created, along with the mechanisms and ways to promote
the creation and development of knowledge, impacting both production and business organizations, as well as social
organizations of the city and the region. These variables energize the Faculty in its budget areas and will print a catalyst
seal of future in the fields of technology management, besides aiming to improve productivity and competitiveness of
regional businesses.

Finally, quadrants appear in order of importance in generating future, Teaching (DOC), Research (INV), Students
(EST), relevant elements in the mission of the Faculty in the training model of ITM in recent years and which aims at
being the leading guide for the coming years.

The teaching- learning methodology and recruitment and qualification processes are the most relevant in the future
of teachers, who will be responsible for the transmission of relevant knowledge and current affairs on Management and
Technology. They will be relevant part in the research, which is a future aim as well as the management of research
projects in all its dimensions and scope.

Student as formation aim for the Faculty, it is evident in the future of Faculty, from admission, stay and completion
of professional education, as well as the participation of other academic institutions that verify its participation
competence of institutional governance.

Dy |

E e\ N
[EFFEETE N\, \ 0

| ,\\\
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Figure 2: Direct influences.
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Figure 2 shows the variables with much stronger influences over other variables that are subordinate: the strategic
direction has the ability to influence the Future projection of programs and academic management, research, virtuality
and teachers. Teachers, in turn, have a direct influence on students, social projection, mobility and innovation and
knowledge transfer. Finally, the variable of strategic alliances facilitates the development of the extension, the generation
of financial resources, the projection of teachers in the middle and the development of innovation and knowledge transfer.

Figure 3: Potential direct influences.

Likewise, Figure 3 traces the strength that the Innovation and knowledge transfer variables will have in the future,
Business alliances, agreements, and membership networks and management students to enable the generation of
financial resources. In the management benchmark, the variable Strategic Direction should focus primarily on invigorating
the management with teachers, projection, creation of new programs and research.

Figure of Potential indirect influences
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Figure 4: Potential indirect influences.

Similarly to the direct influences, indirect analysis (Figure 4) Teaching variable can have a potential influence on the
strategic direction (Fondén, Madero and Sarmiento, 2010), and the future projection of programs and partnerships.

5. Conclusions

The foresight part from the fact that not only is it feasibly intelligent to know the future, but it is also possible to conceive
alternative futures and select the best to build it strategically. In this sense, the development of the foresight study of the
Faculty of Economics and Administrative Sciences of the Instituto Tecnoldgico Metropolitano analyzes the critical
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success factors and characteristics. These are part of the new trends in higher education, where the internationalization
and mobility, competitiveness and positioning of the organization that enables more dynamic attracting new talent
(teachers and researchers) are highlighting.

On the other hand, the quality and orientation to excellence with a variety of undergraduate and graduate
programs; cooperation and inter-institutional relations as a facilitator of the incorporation of scientific knowledge by way of
research (Palomo, Veloso and Schmal, 2007). The integral education -oriented towards developing abilities that really
allow meeting the needs of the productive sector, and finally, the orientation of service to stakeholders as a strategy to
ensure greater coverage and sustainability of academic offerings and services.

In determining key variables that affect capacity creation and the effective allocation of resources are the variables
of power that have a high influence on the future of the Faculty (Mobility), the critical variables for the future (Strategic
Direction), given that decisions are taken in the short term it will be vital in the near future of the Faculty. In this vein, and
a second level of importance, are the variables of Business Alliances, Agreements, Networks and Memberships and
Future projection programs "Academic Management". These variables refer to the ability of the faculty to generate
dynamic of working together, both at mission and vision, with other institutions in the national and international order, to
enable it to enhance its strategic proposals, as a guarantee to achieve its objectives and goals, which can exceed
significantly higher levels.

In the analysis and relevant third momentum in this quadrant, Financial Resources and Economic Growth at the
Faculty are, by the Innovation and Knowledge Transfer. Finally, they appear in the quadrant, in order of importance in
generating future, Teaching, Research and Students, relevant elements of the mission of the Faculty, and in the training
model of ITM in recent years and which aims to be the leading guide for the next years. In this regard it is important to
establish policies on admission, stay and completion of professional education, as well as the participation of other
academic institutions that verify their participation competence of institutional governance.

The teaching- learning methodology and recruitment and qualification processes are the most relevant in the future
of teachers, who will be responsible for the transmission of relevant knowledge and current affairs on Management and
Technology. They will be relevant part in the research, which is a future aim; the management of research projects in all
their dimensions and scope.

The various forward techniques can elucidate a broad overview of actions that the Faculty should undertake to
take the future from the condition of the unpredictable, besides academic transformations for social and economic
development of stakeholders (Community and productive sector). At 2020, the Faculty should guide flexible models
characterized by a strong focus on linking networks of knowledge, flexibility and relevance of curricula, education focused
on the quality whose dynamic axis are meaningful learning with a strong practical guidance to the development and
management of ICT.

The objective of structural analysis using the MICMAC technique is to discover the components of a system related
to its direct and indirect influences, to understand these relations, and identify the strategic variables to reduce system
complexity. On the other hand, it can be helpful to consider the future of evaluating strategic decisions. In relation to this
technique, it can derive on studies in other academic and administrative instances that allows to efficiently orientate the
missional programs of teaching, social projection and investigation, in order to respond to new challenges such as the
transformation of the academic processes to face the post-conflict, the students well-being in opposition to the psych-
social issues and addict behaviors, university start-ups struggling with firms’ market power, and training processes
oriented towards a multicultural profile of future graduates.

Finally, increasing the way of internationalization of education and knowledge management through increased
standards of oriented research directed to solve the local and regional problems, which constitute permanent challenges
of training students, teachers and administrative staff.
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