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Engineering schools have a traditional way of teaching based on a sequence of subjects, beginning with fundamental sciences, mathematics, technologies and finally exploring practice and technics. This kind of program allows to deepen each subject, however, hinders the perception of the connections among the parts of a problem. Some schools changed their course aiming to turn the program more attractive to the students and, at the same time, more focused on the solution of actual problems the professionals face. For that, they used an innovative entrepreneurship approach changing the teaching-learning process. This article aims to identify the factors necessary to implement an innovative entrepreneurial engineering education, as well as explain such factors through literature review. As a result, two major categories of factors are observed, the teaching-learning process and university management. The first one encompasses the role of teachers, students, curriculum, and extracurricular activities. The literature suggests an open speech among students and teachers where they can explore multiple and critical perspectives. The PBL (Project-Based Learning) is recommended as a teaching-learning process. Extracurricular activities like scientific initiation, Incubators, and patents are other factors that contribute to this type of teaching. In university management, the incentive to innovation in engineering education is strongly recommended, besides providing students and teachers with an infrastructure that supports research and development and deployment of organizational culture and structure focusing on innovative entrepreneurship.

Introduction

Good quality engineering education and regional development go together [START_REF] Caldana | Regional development and engineering education: an analysis of Brazil's micro-regional scenario[END_REF], and, with the rapid evolution of technology, an essential feature of the teaching of this professional becomes flexibility, so that the teaching adapts to the new knowledge, techniques, and demands of the market.

Nowadays, job market calls for an innovative professional with a solid basis in mathematics and science, as well as management knowledge, capable of the selfdevelopment of technical and transversal skills [START_REF] Eduardo | High impact drivers in innovation ecosystems: the case of Tecnopuc-Fbk joint lab[END_REF]. However, traditional education prepares engineers with strong technical knowledge, without a focus on management skills or the ability to learn autonomously. Besides, many students do not fit the course and interrupt it, producing a high rate of drop out in engineering programs.

Because of this problematic, many engineering schools became interested in courses driven to form engineers-entrepreneurs innovative and proactive [START_REF] Daly | Teaching Creativity in Engineering Courses[END_REF]. The entrepreneurship programs are based on multidisciplinary interaction, teamwork, and communication. Over time students acquire the basics of engineering, gain perceptions of the business management process, and learn about ethical decisions, leadership, communication, and problem-solving [START_REF] Fila | Evaluation Of Current Assessment Methods In E-ngineering Entrepreneurship Education[END_REF]. In addition to these existing entrepreneurship programs, several schools, less evident, practice this experience in a timely, isolated and unshared way. These attitudes are individualized, in the hands of some teachers or a coordinator who believe in the results, but who do not know how to implement it fully.

This article aims to identify in the literature the factors of the teaching-learning process recommended to breed innovative entrepreneur engineers and also, the features of university management that facilitate or hinder the implementation of such education. The teaching-learning process is decoupled in essential elements, involving the teachers-pupils relationship, the teaching material, methodology, and organization of education. University management, instead, refers to the strategy, actions, and control of the results that the educational institution decides to accomplish. We assumed that management should be consistent with the teaching model.

Methodology

Initially, a review of the literature on innovative entrepreneurial engineering education was conducted, following the process of performing systematic revisions [START_REF] Kitchenham | Procedures for Performing Systematic Reviews[END_REF]. The characteristics of this systematic revision are the definition of the revision protocol; the establishing of a search strategy that seeks to detect as much relevant literature as possible; documented search strategy so that readers can assess seriousness and completeness; inclusion and exclusion criteria to evaluate each study. The main goal of the review was obtaining information to help to identify the factors that characterize an innovative entrepreneurial engineering school. As a starting point, four university rankings are examined: the THE (Times Higher Education), the CWUR (Center for World University Rankings), the QS World University Rankings, and the RUF (Ranking of Universities of Folha*). The rankings provided a new view of the engineering schools' assessment process.

After the analysis of the rankings, we searched in academic journals the factors of an innovative entrepreneurial engineering school considering two perspectives: teaching-learning process and the university management. As sources of research, Google Scholar, Web of Science and Science Direct were used. In the search, the following descriptors were used in Portuguese and English language: "Innovative Entrepreneur-ship", "Higher education "," Engineering "," University Management "and" Teaching-Learning Process ". The "AND", "OR" and "AND NOT" logical operators were used for the combination of the descriptors and terms for tracing the publications. The period set for the data collection ranges from 2010 to 2017.

After that, we evaluated the abstracts, the studies that seemed to fill the inclusion criteria were read in full. In the end, 108 articles met all the inclusion criteria. Then, the following aspects were observed: period and place of publication; author; definitions, characteristics of the study; evaluated conclusions; the journal in which the study was published (classified according to JCR Impact Factor). The extraction of data from the articles was made by the authors and consolidated in a model that suggests characteristics of an innovative entrepreneurial engineering school.

Results

In this study, it was observed that the literature examined the factors that characterize innovative engineering schools each at a time, separated from other factors, mainly when we refer to the teaching-learning process. The teaching-learning process can be understood as the producing process of an engineering school and encompasses the sequence of activities, the method, and material required, the professional role, and the students' activities.

Teaching and Learning Process

The search containing "Teaching-learning" returned 6,858 papers. Below, figure 1 shows the number of articles over the years, and we can see that the interest in the subject is stable from 2011 to 2016, with on average almost 1,000 publications per year. seeking solutions and decision making for the proposed problems. The traditional pedagogical methods are lessons, tests, and written works, while the collected literature recommends for this teaching approach simulation of business, games, development of companies or virtual or real products, visits to companies and entrepreneurs and the elaboration of a business plan [START_REF] Englund | Teaching with technology in higher education: understanding conceptual change and development in practice[END_REF].

The teacher's attitude is an essential factor to implement the new teaching methodologies and induce the integration of other disciplines. Also, it is up to the teachers to stimulate students to think and act with an entrepreneurial mindset, not conforming to reality, focusing on innovation, with the courage to take risks and experience of market [START_REF] Stough | Assessing sustainability in higher education curricula: A critical reflection on validity issues[END_REF].

The changing in the teaching methods also demands a change in the role of the student. Some authors maintain that innovative entrepreneurial education should be focused on the student, who is responsible for learning in an experimental, practical and contextualized way, as this encourages imagination and analysis, preparing the student to deal with uncertainty and lack of resources and preparing them to an innovation process scenario [START_REF] Lucia | Educational opportunities based on the university-industry synergies in an open innovation framework[END_REF].

As for the curriculum, researched authors [START_REF] Lozano | Developing the curriculum for a new Bachelor's degree in Engineering for Sustainable Development[END_REF], [START_REF] Xu | An effective teaching-learning-based optimization algorithm for the flexible job-shop scheduling problem with fuzzy processing time[END_REF] observed that the engineering school should include specific disciplines related to innovative entrepreneurship and to promote the interdisciplinarity so that the student can have an integrated frame to approach the problems. The engineering curriculum should also balance the development of human skills in the same intensity of their necessary technical skills [START_REF] Korsgaard | Rural entrepreneurship or entrepreneurship in the ruralbetween place and space[END_REF]. The challenge of such programs stays in developing the skills in areas such as negotiation, leadership, creativity, technological innovations, and new product development. Given this, the education of an innovative engineer should not be seen as a separate discipline, but as a set of actions whereby students are instructed to expand their ideas and that this process should be established from the first periods of graduation [START_REF] Subudhi | Professional Education for Employability: A Critical Review[END_REF].

Another key issue identified is the extracurricular activities, as the insertion of incubators, student organizations and junior companies, that provide infrastructure and support for microentrepreneurs and accelerate the student's entrepreneur potential [START_REF] Sivard | Engineering Innovation Factory[END_REF].

University Management

The second perspective analyzed is university management, which facilitates and stimulates the teaching-learning process, consistent with an innovative entrepreneurial vision. The 2,059 articles collected examine the following factors: strategy, culture and organizational structure, leadership, and internationalization. Fig. 2 shows that there is an increasing rate of publications on this subject, reaching its peak in the years 2015 and 2016, which represented the most productive period in publications.

Fig. 2. Number of publications about university management over the years

The formation of strategies in an engineering school is a complex management process, mainly because of the high unpredictability and uncertainties of the external environment. Also, the structure is loosely articulated as in organizations where professional experts develop the essential operational work. [START_REF] Petrova | Knowledge Management as a Strategy for the Administration of Education in the Research University[END_REF].

Higher education institutions have a very broad, ambiguous and intangible mission, which makes it challenging to define and operationalize objectives; planning in these institutions is an isolated and random activity since it works by short-term budget cycles and aims long-term results. Their professionals work independently, motivated by personal objectives, making it difficult for analysts to rationalize structures from their abilities. Higher education institutions have no managerial skills to make rapid changes; their lines of authorities are unclear; their leaders work as catalysts: do not command, but negotiate, they do not plan broadly either solve problems using preexisting solutions; changes depend on the consensus and the authority of a lot of people [START_REF] Zhang | The genetic basis of entrepreneurship: Effects of gender and personality[END_REF].

In this way, the main challenge for the management of this type of school is to create an environment conducive to the emergence of entrepreneurs. That points out the need for an integrating organizational culture that can contribute to the development of new ideas and new strategies that cross the boundaries of structures. The entrepreneurial culture is a culture in which entrepreneurship is embraced by the majority, if not by all; therefore, the values belonging to the institution should be shared by people at different levels of the higher education institutions hierarchy. In an entrepreneurial culture, people can deal with risk and respond to fast context change, helping innovation process. [START_REF] Kautonen | Ageing and entrepreneurial preferences[END_REF], [START_REF] Liñán | National culture, entrepreneurship and economic development: different patterns across the European Union[END_REF]. Accordingly, the organizational structure must support secure communication among the various specialties, promoting the multidisciplinary of the curriculum.

Also, the University internationalization is an essential factor for the development of the students' entrepreneur skills, as primarily mentioned in the literature. [START_REF] Liñán | National culture, entrepreneurship and economic development: different patterns across the European Union[END_REF]. On the one hand, the internationalization allows the student to experience different curriculum models at several levels, as student organizations, incubators, and agencies that promote innovative entrepreneurship. On the other hand, the process of integration abroad, regarding creating organizational bonds and support, can immensely contribute to the student creation of a new vision of social interactions, strengthening innovative entrepreneurial education [START_REF] Kautonen | Ageing and entrepreneurial preferences[END_REF]. Finally, internationalization can be defined as the crossing of cultural frontiers [START_REF] Boddewyn | The Meanings of "International Management[END_REF] and adds significantly to the innovative entrepreneurial teaching style. It occurs not only when the students go abroad, but also when the school receives international classmates. The teaching-learning process and the extracurricular activities with multicultural groups also strengthen the ability to innovate, giving them new tools to solve problems, aspects so important to entrepreneurs. [START_REF] Philip | The Internationalization of Higher Education: Motivations and Realities[END_REF].

Discussion

Entrepreneurship and innovation depend on an ecosystem of interrelated elements [START_REF] Stam | Entrepreneurial Ecosystems and Regional Policy: A Sympathetic Critique[END_REF]. An innovative entrepreneurial ecosystem is defined as an environment endowed with agents (markets, policies, finance, culture, support, and human capital) that contribute to the development of innovation and entrepreneurship through their interactions. One class of agents by itself cannot modify the system, only with the support of other groups of agents it is possible to create a climate favorable to innovation and entrepreneurship, what eventually results in the creation of new markets, jobs, revenue streams, and innovation.

Based on the concept of ecosystem, we believe that an innovative engineering school has to be analyzed considering several factors, which are divided into two views. The first perspective is connected to the learning process, which encompasses the operational elements of an educational institution, that is, presents the most critical factors that contribute for students to acquire knowledge and skills necessary for their profession (role of the teacher, the role of the pupil, curriculum and extracurricular activities). The second perspective represents the university management, which should provide factors that will contribute to good governance in innovative entrepreneurial engineering schools. Infrastructure, strategy, culture and organizational structure, internationalization and leadership are the main management factors for this type of teaching. 

Conclusion

Our starting point in this article is the understanding of what the job market expects of the future engineer. The job market seeks engineers with a broad vision, a business vision, beyond the technical view. For this to happen, engineering schools need to manage and teach in a different way.

The implications of this concept, both for the school and for the teachers and engineering students, represent a new responsibility, a new culture, a new form of managing, teaching, and learning. Directors, coordinators, teachers, and students must practice the innovative entrepreneurship in daily activities, not only in classrooms or as an academic subject.

A contribution of this research is the identification of a literature gap on research that links the university management to the entrepreneurial teaching-learning process. Studies focusing on teaching-learning factors and management factors in a connected way were not found.

Furthermore, one of the relevant results pointed out by this bibliographical review is that while the publications about the teaching-learning process maintain a constant number over the years, the number of articles on University management has increased from 2010 to 2017. Nevertheless, a change in the management system should not be seen without considering its impact on the teaching-learning process. For that reason, this article defends that both subjects should be faced as parts of the learning ecosystem, and consequently, they should be complementary.
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