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Engineering education in developed countries is seen as a benchmark for all others. Its 

teaching strategies, combined with assessing knowledge and the infrastructure of modern 

laboratories and classrooms, allow students to develop their skills and prepare themselves 

professionally for the job market. At the same time, engineering education is not valued in 

Brazil. Its teaching methodologies are traditional and directed towards a final concept. With 

this, essential skills for the job market are partially developed, such as teamwork, problem-

solving, and critical thinking. Thus, as similar strategies to those that companies do, a 

benchmarking to understand how this process takes place. This benchmarking is essential for 

directing engineering education based on best practices already adopted by other universities. 

In this context, the present study investigates the possibility of inserting North American 

teaching strategies in Brazilian universities focusing on engineering. As methodological 

procedures, unstructured interviews were used in a focus group with six American 

universities. In these groups, professionals related to engineering education were invited: 

Professors, Members of teaching and learning centers, and administrative support and support 

technicians. In addition to the interviews, direct observations about the infrastructure and the 

procedures adopted in their teaching were conducted to analyze their complexity. As a result, 

we highlight the development of strategic partnerships with local industries in which alumni 

are the main means of engaging these partnerships, the development of unique competency 

management that involves the entire university, and the need for innovation in the education 

environment in engineering so that the university can be increasingly inserted in the context 

of open innovation with a focus on attracting new students, economic and geographic growth 

and local social impact with a focus on community development. 

 

Keywords: International Benchmarking; Active Learning; Industrial Engineering. 

  



1. Introduction 
 

Engineering education in developed countries is a benchmark for all others [1]. In these 

universities, different ways of teaching students are used to make learning more realistic and 

attractive. North American universities, for example, are excellent references in investments 

in the education of their engineering courses, as well as in modern teaching and adequate 

infrastructure [2]. 

 

Considered by different authors as one of the best ways for students to acquire complete and 

realistic knowledge, active learning is another way of teaching. This approach is student-

centered, ensuring that professors are professionals who guide students in this process [3], 

[4]. The involvement of the whole class increases from active learning strategies, making it 

possible to develop an opportunity to reflect on learning in a set of solutions to real problems 

[5]. 

 

The different active learning strategies also guarantee the development of professional skills 

that students must acquire throughout their training. Problem-solving, communication, ethics, 

and critical and systemic thinking are examples of skills that allow the formation of a 

professional more suited to the job market [4], [6], [7]. In addition, classes based on these 

different approaches ensure a more significant relationship with the labor market and current 

problems, making the study more attractive and making the student visualize his actions in a 

professional future [8]. 

 

However, this only occurs in some universities with engineering courses in developing 

countries, such as Brazil [5], [9]. In these environments, teaching is traditional, using an 

expository class with a blackboard and slide presentation [10]. Different authors approach 

this problem as a deficiency in education, where the knowledge necessary for an engineer is 

compromised. Allied with this fact, the evaluations of these students are also traditional, 

based on tests and descriptive evaluations. In Brazil, this scenario is prevalent because the 

resources designated to public universities for investments and improvements in teaching and 

learning are limited. 

 

From traditional teaching methodologies, the development of professional skills can also be 

compromised [11]. The student needs to work in a team and work with structured problems in 

the literature [12]. Other consequences observed in the literature are the unpreparedness of 

the future professional, school dropout [13], and lack of student commitment and cooperation 

[14]. 

 

There are different factors to observe when replacing traditional methodologies with active 

learning strategies. A professor support team is essential, allowing academic support and 

company relationships to bring real and unstructured problems [15], [16]. Still, the 

infrastructure must provide subsidies for group activity, allowing interaction between 

students and, simultaneously, the possibility of explaining content by professors [9]. The 

number of active learning classes and activities increases compared to traditional learning, 

consequently increasing the professors' workload.  

 

Even so, the different benefits of active learning are proven in the literature. These 

advantages, for example, are the improvement in teaching, attractiveness, and the 

development and training of professionals that the job market expects [17], [18], [19]. This 

benefit is even more significant regarding courses such as Industrial Engineering since the 



concepts presented in this graduation are complex and managerial. Bringing the problems and 

case studies into the classroom prepares students more realistically for the professional 

environment. It is possible in all areas of production engineering, such as production planning 

and control, logistics, product development, and work safety [20]. 

 

In their studies, Andersson et al. [21] concluded that Industrial Engineering students feel 

more motivated when taking classes with active strategies. Lima et al. [22] show that using 

active learning in this engineering specialty reduces the gap between the required skills and 

the skills students acquire. Alves et al. [23] also present positive results based on the critical 

reflection of industrial engineering faculty who work with active learning. 

 

Therefore, to get to know a panorama of excellence in teaching industrial engineering, 

strategies seen in the labor market can also be approached in universities. Benchmarking, for 

example, allows comparisons between institutions to increase productivity and accelerate 

innovations in the productive environment [24]. In the case of universities, it is possible to 

find out what educational institutions are implementing and researching to increase the area's 

effectiveness, directing engineering teaching based on the best practices adopted by other 

universities and ensuring an improvement in the student's training process [25]. 

 

Therefore, this study is justified by the need to transform the education of production 

engineering undergraduate programs at Brazilian universities. It is possible to bring about 

improvements when we know the other leading universities and their methodologies that suit 

the teaching of these future professionals, making it more accurate and attractive. With this, 

universities benefit from contributing to their modernization, both for their professionals and 

their infrastructure. As for the literature, this study can be justified by raising possible 

difficulties in inserting different teaching methodologies, making researchers and universities 

find solutions to correct and circumvent these problems. 

 

This work investigated the possibility of inserting North American teaching strategies in 

industrial engineering undergraduate programs at Brazilian universities. For this, non-

structured interviews and direct observations were carried out in different American 

universities, raising the main characteristics of teaching and its other proposals. This research 

noticed various active learning strategies used in U.S. universities, making the student have 

contact with companies from the beginning of their training. However, several factors need to 

be modified in Brazil to do this insertion, such as creating a nucleus to capture company 

problems, investment in faculty training, and improving the infrastructure of classrooms and 

research laboratories. 

 

This research is associated with the Modernization of Undergraduate Education Program 

(PMG), supported by FULBRIGHT, CAPES, and U.S. Embassy in Brazil [26]. Industrial 

engineering at the Federal University of Rio Grande do Sul is one of the participating 

courses. This public university has participated in this project since 2019, with professors on 

missions to partner with North American institutions [26], [27]. 

 

2. Methodology 
 

To investigate whether the teaching strategies present in North American universities can be 

used in Brazilian universities, an investigation of different necessary factors was carried out 

in loco. For this, we used a qualitative and descriptive study to highlight the main points used 

by these teaching methodologies from the perception of education specialists. 



 

The descriptive study aims to deepen and improve knowledge on topics related to the 

insertion and use of active strategies in teaching production engineering [28]. The study can 

be characterized as qualitative because, with the help of textual analysis, it seeks to analyze 

the context of what is happening, its main reason, and its consequences [29]. Qualitative 

investigations seek to describe the phenomenon in depth, explaining the results from the 

insertion of the context [30]. 

 

For this collection, the study sample contemplated six universities visited in 2022. These 

universities are located in New York City, Boston, and New Haven and are important in 

engineering education. In addition, they have great worldwide relevance for their research. 

These universities are internationally recognized for their active pedagogical practices and 

their research in engineering education. Using different strategies, universities guarantee 

students dynamic learning experiences, bringing business problems closer to the classroom 

and proposing solutions based on theory and practice. 

 

The factors that allow the insertion of active strategies in engineering education were raised 

in two ways: from non-structured interviews in a focus group and direct observations. In 

unstructured interviews, the interviewer talks about previously established topics but with 

minimal restrictions on the questions asked during the process [31]. Follow-up questions are 

encouraged, increasing the discussion about issues related to the theme. These interviews 

were conducted in focus groups, as they are appropriate when expected a dynamic between 

participants, allowing for more excellent discussion and detailed responses [32], [33]. 

 

Based on PMG's objectives, the interview investigated issues related to active university 

teaching strategies [26]. For this, discussions were raised on: 

1. The teaching methodologies used. 

2. How is done the industry-university collaboration. 

3. The limitations found in this active process. 

4. The infrastructure and knowledge needed for the insertion of these strategies. 

 

As the method allows, the interviewers asked questions related to the four points to 

encourage and deepen the discussion, such as the student's perception of the different 

strategies, the added workload for professors, and the technical and administrative support 

received. 

 

A focus group was formed at each analyzed university to investigate these questions. These 

groups contained faculty from undergraduate engineering programs, members of teaching 

and learning centers, administrative support, technical support, and students. We sought to 

bring different actors involved to know their perceptions and encourage discussion about the 

advantages and disadvantages. 

 

In addition to the interviews, direct observations were made in the infrastructure of the 

universities. Infrastructure is essential in engineering education because professors can design 

their activities from it. Thus, understanding how it was designed and the way it is used is 

significant for the study to know if similar infrastructures are needed in other universities. For 

this, professors and technical support professionals were interviewed and, at the same time, 

showed the university's infrastructure. 

 



Each visit, which included the interview and observation, took an average of two hours. With 

the participants' permission, the interviews were recorded in their entirety. All these were 

transcribed for further analysis. The results were analyzed based on a content analysis, which 

guarantees understanding how a situation occurs based on theoretical structures, analyzing 

significant texts, and dividing them into key discussion categories [34], [35]. The university 

initially divided these categories, presenting their main active teaching strategies. The 

discussion was carried out critically on the possibility of inserting the active processes 

observed in industrial engineering courses at Brazilian universities. 

 

3. Results 
 

The results show the main practices highlighted by the six universities visited and analyzed.  

 

University 1 

 

Competency-based teaching and curriculum 

Curriculum and competences are related since the university model is competency-based 

teaching. Nine university-wide competencies are used, based on the Accreditation Board for 

Engineering and Technology (ABET). And curricula are flexible and built based on skills. 

Thus, engineering students can create their curriculum and develop their competences and 

skills. This is important in Industrial Engineering and Operations management context 

because there are several areas of study, such as knowledge management, ergonomics, and 

digital transformation. Hence, engineering students can choose the path they will follow 

based on the competences and courses available. In addition, access to disciplines related to 

competences is facilitated through the website. Therefore, engineering students can access 

information and analyze the subjects most suitable for their development.  

 

Co-ops 

The analyzed university has a Cooperative Education (Co-op) program. This program 

supports the development of soft skills in engineering students. The main goal of the Co-op 

program is to bring students closer to industry. For Industrial Engineering students, this is 

important because industries are their object of analysis. Immersed in the industrial 

environment, they can better understand industrial concepts. Therefore, students can also 

better understand the job market and analyze if they will follow one career or industry based 

on their experience during the undergraduate course. Because of it, this program has a high 

level of engagement since students can choose their professional path. In Brazil, there are 

similar programs called internship, research assistant, and exchange. However, these 

programs need a dedicated team for students. Generally, students need to look for internships 

at companies or internship agencies, talk to professors with research grants, and look for 

exchange notices or exchange agencies or do it independently. Sometimes industrial 

engineering students need help finding an internship in industries because they need an 

industrial contact. Then, they depend on professors and their connections and must explore 

different contexts. In this way, unfortunately, an environment that strengthens the university's 

relationship with industry is not created. Therefore, there is a need to develop a program like 

a Co-op for industrial engineering and operations management. 

 

University 2 

 

Competency-based teaching and multidisciplinary 



The university focuses on competency-based teaching. The competences cross all the 

engineering courses offered by the institution. However, as the institution is small, 

engineering students are encouraged to take courses at other universities to obtain more 

interdisciplinary knowledge, such as biology and entrepreneurship, instead of only focusing 

on traditional engineering courses. However, industrial engineering students study different 

engineering courses, they are not encouraged to seek specific knowledge outside the 

engineering area. Thus, in addition to engineering students developing competences and 

knowledge in their main course, industrial engineering students can expand their knowledge 

in other areas. This is very important for the Brazilian job market and Industrial engineering 

because students work in different places, like financial, renewable energy, and 

pharmaceuticals.  

 

Infrastructure to promote hands-on learning 

The university is built to enhance the hands-on learning process. For example, the library is 

not only for books and studying but also equipped with cameras, games, sewing machines, 

and spaces that engineering students can use to build their prototypes and learn more about 

how they can create a new product with their own hands. This environment is essential for 

engineering students to learn how to organize the building process and the steps they must 

follow to build a teddy bear. Besides that, other hands-on spaces are offered to students. 

These spaces are used during their courses, faculty research activities, student club activities, 

and individual student projects. Therefore, engineering students can find other hands-on areas 

to conduct their projects if the library is unavailable. Some of these spaces are for specific 

materials such as metals, wood, and plastic, facilitating learning and making equipment. Even 

in the building corridors of the university, areas can be found for students to have hands-on 

activities. This promotes increased student engagement in this type of activity and facilitates 

the development of skills related to innovation and creativity. Hands-on learning is very 

important for industrial engineering students because several courses are mandatory to create 

a new idea. If industrial engineering students could prototype their ideas, they can refine 

products better. Therefore, there is a need to create environments that develop hands-on work 

so engineering students can develop new skills and competences.  

 

University 3 

 

Teaching and Learning Center  

The teaching and learning centers are essential for faculty, students, and the entire academic 

community to have someone to help add modern practices to classes, learn to deal with new 

teaching and digital technologies and new teaching methodologies, modernize the curriculum 

and much more. These centers offer workshops and consultancies to facilitate the 

development of teaching and learning across the academic community. For instance, the 

teaching and learning center supports the development of new courses, explaining how to 

create a course, explaining how to create a course, and what approaches can be used. Also, 

the center has a workshop about how to create a course program and how to create a more 

learning-focused program. In addition, the center has workshops about the inclusive 

classroom, covering how to create an inclusive classroom: how to develop practices that 

include academic belonging, and how to guide discussions about this sensitive topic. In 

Brazil, these inclusive programs are necessary because public universities work with a quotes 

program, and several issues should be included in industrial engineering courses. This is 

because some students need help to afford to visit some industries because they are from low-

income families. Then, professors should rethink how they structure classes to integrate these 

students. 



 

Additionally, it is important to point out that, during the pandemic, to improve the teaching 

and learning process, the demands of the laboratory increased due to the need for change in 

various aspects of teaching and learning. This enabled a greater engagement of the academic 

community with the Teaching and Learning Center, enabling other departments to understand 

the relevance of the center. In addition to providing consultancy, advice, and holding 

workshops, the center uses scientific methodology to prove that the methods work. In this 

way, in addition to supporting the university community, they generate scientific knowledge. 

This developed knowledge is essential to convey confidence. For instance, research only with 

industrial engineering and operations management students could be conducted by this center 

to generate insights that can improve the teaching and learning for this course. 

 

Furthermore, the basic engineering disciplines (calculus, chemistry, and physics) seek the 

center to promote new teaching methods and introduce group work to solve complex 

problems. For example, concerning class, the use of clickers in base engineering courses such 

as statistical probability, chemistry, and physics was mentioned by professors. In this class 

style, students are invited to reflect on early insights and undertake a larger analysis with a 

focus on developing critical analysis. As industrial engineering and operations management, 

students take these classes, and this will direct impact their learning. Finally, teaching and 

learning centers must be created in universities to promote technical methodologies and 

facilitate the dissemination of knowledge in the academic community, in addition to 

impacting student learning. 

 

Tracks and certificates 

It is important to point out that students have the same basic training that is differentiated by 

the tracks and certifications they follow. These tracks and certifications are essential for 

students to develop market-specific skills. The focus is to bring students closer to the job 

market and promote networking with more advanced students. The tracks aim to prepare 

students for the market, strengthening their relationships. Tracks are generally an integrated 

program of courses and activities aimed at exposing students to practices, grounding students 

in the principles of theory and applying theory to real problems, providing students with an 

overview of career opportunities and creating a cohort of students and alumni in specific 

careers. In addition to the tracks, this university offers academic certificates. Students can 

pursue specialized certificates in different areas, such as machine learning, pharmaceuticals, 

sustainability, and innovation. Certificates must be earned with a degree; they are not stand-

alone, non-degree programs. Certificates have different specific objectives, and depending on 

the area, they will be focused on a particular industry, concept, technology, and innovation in 

general. Therefore, the tracks and certificates are used to further prepare students for the job 

market, developing specific knowledge necessary for professional development. Regarding 

industrial engineering and operations management, tracks and certificates are relevant 

because students can work in several areas. These tracks and certificates show in-depth 

knowledge about a specific topic, like digital transformation, ergonomics, and quality. 

 

University 4 

 

Infrastructure to promote hands-on learning 

The university has a center that promotes hands-on learning and activities. In this center, 

students can build whatever they want for the subjects and the various university clubs. This 

hands-on learning environment is very important for developing teamwork and critical 

thinking. In addition, graduate students are assistants and give some practical classes to 



undergraduates. These graduate student professors manage to develop other skills, such as 

communication, and provide technical engineering classes to support the projects that are 

relevant for industrial engineering students. So, when students learn with this graduate 

student, they apply the knowledge to their project. Moreover, the center has several 

machines, tools, and materials for students to develop prototypes. The resources are fantastic 

for creativity and innovation in the academic environment. Using resources, high-level 

engineering projects are being developed more easily, and students can reach foreign 

markets. The hands-on center encourages students to develop their technical and soft skills as 

it works with applied projects, bringing them closer to the job market. Finally, creating a 

hands-on learning environment appeared as a highlight for engineering study because it 

promoted many student learning benefits. Regarding industrial engineering students, a hands-

on center could enable that prototype to be developed faster, and all group members visualize 

what is being discussed because sometimes, when there is only a 3D model is difficult to 

discuss the following steps. However, industrial engineering students can think about 

production systems, packaging, and supply chain when there is a tangible object. With the 

object, it is easy to think about all the steps to build it. 

 

Industry and Entrepreneurship 

The university focuses on strengthening the relationship with alumni and industry, mainly to 

develop the work applied at the center. For example, as the region has some museums, 

several lighting and temperature projects are being developed based on Arduino, sensors, 

programming, and Industry 4.0 technologies. This shows that the approach with the industry 

brings benefits of using state-of-the-art technologies to solve practical problems. That is, 

students, in addition to receiving knowledge, promote industry innovation with solutions that 

are created by them and guided by professors. This shows the importance of developing a 

strong and healthy relationship with the industry. For instance, considering industrial 

engineering courses, if students follow a digital transformation track or certificate, they could 

build a roadmap to Industry 4.0 for some industries and museums to apply their knowledge in 

real cases rather than only doing case studies. 

 

Furthermore, entrepreneurship is encouraged by the teaching and learning center and the 

university. The university strengthened its relationship with the health area. Engineering 

students developed several projects in this area and created startups that are operating 

internationally, producing equipment that helps in the execution and counting of physical 

exercises. The prototype of the equipment was manufactured in the center, and today its 

production is carried out in China, showing the great entrepreneurial potential of students 

with access to the right resources. For instance, industrial engineering courses are also related 

to the health area. Some studies are used to improve layouts of the emergency room by 

analyzing knowledge management based on social networks. In addition, studies are 

conducted using operational research to do the sequencing of operating rooms. These are only 

two examples of several that industrial engineering students could work. In this way, the 

relationship with industry and promoting entrepreneurial activities are two incredible 

mechanisms for developing an entrepreneurial engineer. 

 

University 5 

 

Project-based learning 

The university focuses on final work (capstone) with the practical application of engineering 

concepts. Usually, students look for a mentor professor with a list of demands and projects 

they prioritize. Based on this list and some discussions between the professor and student, 



some potential work themes are discussed. At this university, solutions are carried out more 

academically with laboratory tests rather than industry tests. The focus is to develop 

knowledge in the student in the form of a project. That is, the student will work on final 

projects of the engineering course or operations management with the advisor, professor, and 

graduate students. At that time, the engineering student, in addition to developing technical 

capacity, will develop other important skills and competences, such as communication and 

teamwork. In this way, even if the focus is not on the industry, the focus remains on students 

developing soft skills. The professor exemplified operations management research and the 

simulation of the use of resources in assembly lines and transportation modes to reduce costs 

in supply chains. Finally, these projects can be used in engineering college, as many 

professors have lists of projects they want to pursue and well-defined lines of research. 

However, in addition to approaching the academy, it is suggested to approach the industry. 

 

Developing competences 

The university has a strong focus on developing global leaders. For this, the focus on skills 

development takes place on different fronts. First, written competence is developed through a 

course. The professor explained that students "think" they know how to write, and the 

discipline helps all engineering students to write simple, clear, and cohesive writing for 

everyone to understand. Second, students develop oral competence in job presentations 

during their engineering degree. For example, chemical engineering students were the ones 

who had this competence more developed since they presented many works during the 

course, and this allowed them to create this competence more. Third, leadership development 

is when students need to lead their final project. That is, students are required to keep the 

objective in mind and manage the team and resources. To do so, they need to develop project 

management and leadership skills. All the competences cited are essential for industrial 

engineering students and leaders. Therefore, the way that was approached in this university 

could be replicated in industrial engineering courses. Finally, all these actions are to build 

confidence in engineering students so that they can solve engineering problems in the 

external environment. 

 

University 6 

 

Teaching and Learning Center  

The teaching and learning center is essential for this university, as it provides the community 

with workshops, training, and personalized consultations on teaching-learning processes and 

all related issues. The center helps develop classes that promote teamwork and that students 

who have already taken the course can be tutors of the students who are taking it. So all 

students can build teamwork and communication skills. For example, the chemistry class for 

engineering students (industrial engineering students take this class), is divided into three 

moments. In the first part, "I do/we do", the professor solves the exercises with the students, 

allowing doubts to be questioned. The second moment, "We do", consists of solving 

problems in small groups of students. For this, the professor and other engineering student 

assistants help with doubts and discussions between the learning groups. This allows the 

development of teamwork and student interaction, as the groups vary every week. Finally, the 

third part of the class is defined as "You do", where students have different exercises to solve 

and submit on the university platforms after class. This pedagogical strategy allows 

engineering students to learn alongside the professor, practice in small groups, and test their 

knowledge individually. In fact, this type of class could be replicated in all basic engineering 

classes, such as physics, calculus, and statistics which will impact all engineering students. In 



conclusion, the center helps to introduce more modern pedagogical practices so that students 

learn more easily as done with a chemistry class. 

 

Furthermore, the center promotes several workshops for the academic community. These 

workshops cover subjects ranging from the first contact with students to the methodology 

used in the classroom. For instance, the workshop "Strategies for an inclusive class". For this 

workshop, four main sections were discussed: 

1. Getting to know your students, where it was discussed how to learn to say the 

students' names and how to use techniques to break the initial ice in the classroom. 

2. Diversifying the course content, where it was debated about posing scenarios and 

problems covering different socioeconomic statuses, ages and religions, and reflecting 

on the curriculum to determine the main gaps. 

3. Developing class norms, where there was talk of adding student inclusion statements 

and co-creating criteria and guides for students and professors. 

4. Incorporating flexibility into course design, building flexibility policies for deliveries 

in different periods, and combining the flexibility of participation policies and the 

format of the classes. 

Therefore, these workshops are very interesting to be replicated in engineering courses. 

Professors can learn a lot from the workshop and even promote better integration of students 

with the class. 

 

Infrastructure 

The university's infrastructure was developed to promote interaction among students. The 

university's main strengths are creating different classrooms encouraging teamwork and 

communication. The university's classrooms have a modern design and the possibility of 

adaptation, always seeking student interaction and their best comfort. In auditorium-style 

classrooms, projectors, blackboards and computers were observed for professor use. The 

mobility of some auditorium chairs can rotate 360°. This allows group activities to be done 

during classes, not being a fixed structure for just traditional engineering classes in the 

auditorium. That is, even in courses with many students, it is possible to conduct work and 

group discussions. Active Learning Classrooms are designed for collaborative and group-

based activities. These are arranged in nine groups to serve up to 10 students in each group. 

These islands are equipped with television, whiteboard space, different cables and connectors 

and microphones. Each one interacts with the professor's island, located in the center of the 

room. This island has televisions in its surroundings so that the whole class can visualize 

what is projected and have space to serve the students and adapt all the furniture. Engineering 

students are invited to solve programming, calculus, physics, and chemistry exercises in these 

classes in groups. In conclusion, the university's infrastructure allows the elaboration of 

different courses and pedagogical approaches in engineering classes. Therefore, in Brazil, 

similar structures can be built that facilitate using more modern pedagogical approaches. 

 

Based on the results, Table 1 was built that shows some important aspects of the analyzed 

strategies. 

 

 

 

 

  



Table 1 - Summary of results 

 
   Main strategies 

 
Where they are 

implemented 

 Implementation 

period 
 

Challenges to implement 

Develop a competency-

based curriculum 

Across the university 

 

Long-term 

 

Change the mindset to competences; 

Mapping and developing skills needed for 

engineering; Collect the assessment for use 

in the ongoing curriculum redesign 

process. 

 

 Create strong programs 

with industry 

 

University and industry 

interaction; 

Creation of a center for 

this interaction 

 

Long-term 

 

The very great cultural separation of 

industry and university in Brazil; 

Difficulty finding jobs in the post-Covid 

industrial environment; 

 

Students taking subjects 

from other courses 

 

Across the university 

 

Long-term 

 

In public universities in Brazil, the 

problem is the number of vacancies 

available in the disciplines; 

The limited supply of disciplines in other 

courses; 

Displacement difficulties between 

university campuses; 

Development of an 

infrastructure for learning 

Across the university 

 

Long-term 

 

It would need to create some very different 

structures for students to have practical 

environments of various disciplines.  

For example, industrial engineering needs 

to create environments of quality, digital 

transformation, ergonomics, and economic 

engineering. 

In addition, for instance, universities 

would need to create chemistry, physics, 

mathematics, calculus and statistics in 

engineering. 

Still, more funding for creating different 

rooms is a challenge. 

 

Creation of hands-on 

spaces 

Engineering programs 

 

Medium-term 

 

In public universities, find financial and 

budgetary resources. 

Find spaces that can be used. 

Include in engineering disciplines 

moments to use space. 

 

Development of 

entrepreneurial engineers 

University and industry 

interaction 

 

Medium-term 

 

Difficulty finding contacts with 

engineering entrepreneurs and industrial 

engineering entrepreneurs 

 

Development of Teaching 

and Learning Center  

Education programs 

 

Medium-term 

 

Show the importance of the center; 

Publicize the activities of the center 

Creation of tracks and 

certifications 

Each college 

 

Short-term 

 

Engaging students to initiate additional 

certifications, Help students choose 

certifications; Curriculum changes to 

support certification. 

 

Development of activities 

with applied projects 

Each college 

 

Short-term 

 

Find places willing to receive students 

(industries, private sector); Being in an 

innovative environment; Make the 

teaching staff aware of adopting this 

teaching strategy. 

 

  

  



4.   Discussion and Conclusion 
 

Based on our results, we could achieve our research goal by analyzing six North American 

Universities. In sum, our findings highlight four important benchmarking aspects to be 

implemented in engineering colleges: (i) developing a competence-based learning model to 

structure all courses, majors, and minors (ii) creating a robust infrastructure and hands-on 

space; (iii) developing of teaching and learning center to support academic community; (iv) 

developing a closer interaction with industry.  

 

Concerning competency-based learning, competence can support students to reach the job 

market requirements skills rather than only technical skills. For example, engineering 

colleges in Brazil are known for developing hard skills by doing traditional engineering 

classes. However, this type of class is content-based instead of competence-based. Because of 

this pedagogical structure and curriculum, some junior engineers still need to develop their 

soft skills as required by the job market. Considering this scenario, the best teaching and 

learning strategy is creating a competence-based curriculum to develop soft skills in 

engineering students. Therefore, Brazilian universities should invest in creating a 

competence-based curriculum for engineering colleges. ABET has already produced some 

competencies in the US that North Americans Institutions should follow. These competencies 

could be an input to develop competence-based learning in industrial engineering colleges in 

Brazil. For example, in the case of Brazilian public universities, some institutions have 

already changed industrial engineering courses. However, competences are only widespread 

in some industrial engineering programs. 

 

Regarding infrastructure and hands-on spaces, infrastructure is a key aspect of teaching and 

learning since the environment should support some important teaching strategies to develop 

specific competencies. In this sense, North American Universities have built an infrastructure 

that promotes teamwork, presentations, leadership, and communication. Because of that, 

some engineering students are becoming global leaders and starting their own companies. 

This entrepreneurship is a consequence of how the robust infrastructure supported their 

professional development because they have access to basic items that enable the 

development of prototypes. These prototypes were refined until the market solution was 

ready to be tested. Additionally, these engineering students have spaces to discuss their 

prototypes with their colleges, so they receive ideas and suggestions from several points of 

view, including researchers, professors, and the academic community. However, even though 

most universities have shown a technological infrastructure, it can also be simple. For 

example, some big tables that support teamwork are the beginning of the competence-based 

classroom. Therefore, Brazilian industrial engineering colleges could invest in new 

classrooms to support this new competency-based environment. Later, they can invest in 

adding new technologies. For example, in Brazil, many universities are public, and resources 

are limited. Then, investment in infrastructure is difficult. Consequently, the need to 

gradually organize the change of classroom infrastructure and the creation of more integrative 

environments that favor learning. 

 

Furthermore, the hands-on spaces have been highlighted during the visits. These spaces offer 

machines, tools, equipment, and materials that engineering students can use to prototype their 

products. These hands-on spaces provide different benefits. For instance, engineering 

students can learn how to use some machines and technologies (i.e., Arduino and 3D 

printers); engineering students can learn from their failures; hands-on spaces can provide the 

opportunity to innovate and integrate with different students. In addition, as North American 



Universities created these spaces in libraries and corridors, the use of empty spaces is an 

advantage in creating hands-on spaces. Hence, industrial engineering programs and Brazilian 

universities should invest in creating tiny hands-on spaces that engineering students could 

use. For instance, 3D printers could be put in corridors for engineering students to print their 

models and sewing machines. For example, in some Brazilian industrial engineering colleges, 

public resources are being used for the development of digital laboratories. Some knowledge 

of digital transformation and Industry 4.0 can be tested in these laboratories. In these places, 

industrial engineering students will be able to see in practice the concepts of vertical 

integration, horizontal integration, and traceability using digital technologies. In addition to 

being used by students of industrial engineering, testbeds can be used by computer 

engineering and mechanical engineering students, among others. This creates an enabling 

environment for competence development. 

 

Developing Teaching and Learning Centers could lead professors, students, and academic 

professionals to an advanced level of teaching and learning. These centers are the key to 

changing the engineering colleges in Brazil because they concentrate on one place of 

knowledge about how teaching and learning should be and researching new teaching and 

learning opportunities. Based on that, Teaching and Learning Centers can support the 

transition and add new pedagogical strategies by providing all academic communities with 

workshops, classes, and consultants. Instead of each engineering college having a teaching 

and learning specialist, Teaching and Learning Centers concentrate and disseminate all this 

knowledge. For instance, the center could refine the Industrial Engineering curriculum by 

benchmarking with different Teaching and Learning Centers about the engineering 

curriculum. Indeed, if Chemical Engineering orders the same assignment, the center could 

use the newest Industrial Engineering curriculum to develop a new curriculum for Chemical 

Engineering. This enables the engineering curriculum to be impacted because it can generate 

a cascading effect, modernizing all engineering courses. Therefore, under these 

circumstances, the impact of Teaching and Learning Centers is huge, and Brazilian 

universities should create their Teaching and Learning centers. Unfortunately, there are no 

specialists in adduction and learning in each Brazil unit and Industrial Engineering unit. The 

area of knowledge is limited to education, so it is difficult to implement new learning systems 

in engineering, including industrial engineering. 

 

Teaching industrial engineering poses significant challenges related to professor engagement, 

motivation, and skills to modernize the course. Adapting universities to new pedagogical 

practices, such as active learning and skills-based assessments, also requires adequate 

incentives, resources, and infrastructure. To address these challenges, it is essential to provide 

professors with professional development opportunities and support to integrate innovative 

teaching methods effectively. Universities must also invest in updated technology and 

provide access to relevant resources to enable students to develop the skills necessary to 

succeed in the field of industrial engineering. By addressing these challenges, we can ensure 

that future industrial engineers receive the education and training they need to thrive in their 

careers. 

 

As the job market becomes increasingly globalized and interconnected, it is essential for 

industrial engineering students to develop soft skills to enhance their professional 

development. While cultural influences may vary from region to region, transversal skills are 

necessary for the comprehensive development of industrial engineering professionals. These 

skills include effective communication, teamwork, leadership, problem-solving, and critical 

thinking. Industrial engineering programs must prioritize the integration of these skills into 



their curriculum and provide students with opportunities to practice and refine them. By 

doing so, we can ensure that future industrial engineers possess the essential soft skills 

necessary to excel in the global job market and adapt to the changing demands of the 

industry. 

 

As the last point to discuss, the development of a closer interaction between universities and 

industry (including startups) is a theme that is debated in the literature [36], [37], [38]. Based 

on the industry perspective, this interaction can lead to new revenues and business models 

because universities offer innovations. However, considering the universities' point of view, 

this cooperation with the private sector can better prepare engineering students for the job 

market. For example, when industrial engineering students learn something (i.e. game theory, 

institutional theory) in class and can apply this knowledge in the real world, they will 

understand easily because they have practical experience, as well as done in physics and 

chemistry laboratories. This type of interaction can lead engineering students to a different 

knowledge level in which they are the main actor in their knowledge development and can 

share their new knowledge with the academic community. In this sense, the knowledge 

sharing between industry, universities, society, and engineering students is enhanced.  

 

Additionally, this practical and tacit knowledge is developed by this interaction. Because of 

that, Brazilian universities should invest in creating a way to be closer to industry by 

developing a strong relationship and network with alumni, for example, since the impact in 

developing new engineers is huge. By doing so, Brazilian universities will be able to show 

how engineering students could apply their knowledge in a company and show them that they 

will face some challenges during their career that their soft skills and technical knowledge 

will bypass. For example, in the case of industrial engineering, the difficulty in finding 

internships in the industry is a growing challenge because, during the pandemic, many 

industries closed, which reduced the offer of vacancies. This led to an increase in the 

competitiveness of places in the industry, and universities that have a closer relationship with 

the industry get the best sites. Therefore, the lack of a relationship between university and 

industry changes the area of activity of industrial engineers, who will work in the financial, 

services, and energy areas, for example. 

 

In the Engineering Modernization Program, only some engineering undergraduate courses 

participate. Industrial Engineering at UFRGS, referred to at the beginning of this work, is the 

only undergraduate course in this specialization participating in this project. This 

benchmarking encourages other industrial engineering and engineering courses to modernize 

their teaching and infrastructure. Thus, this project is highly influential to engineering courses 

in Brazil by showing the data found from the relevance and impact of the program and its 

improvements in Industrial engineering at UFRGS. 

 

Limitations and future research 

 

Based on that, industrial engineering and operations management programs should invest in 

different ways to improve the development of engineering students. Several benchmarking 

strategies could be used to enhance engineering students' teaching and learning environment 

and experience. However, even though this paper has addressed understanding North 

American benchmarking strategies focusing on industrial engineering and operations 

management, the article shows that these strategies should be done but not how Brazilian 

universities could implement them in their engineering colleges. For instance, future studies 

could understand in-depth how universities create and improve their Teaching and Learning 



Centers and create a framework for implementing them. In addition, future studies should 

address the necessity of creating Teaching and Learning strategies in their engineering 

programs to improve teaching and learning. Besides analyzing North American universities, 

Brazilian universities should also explore and visit European universities to understand their 

teaching and learning practices. Based on the analysis from foreign universities, Brazilian 

universities will have a wide perspective of how they could address some teaching and 

learning problems in the industrial engineering and operations management context. 

Therefore, future studies could include European Universities in the scope of analysis. 
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