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Abstract  

Serious Games increasingly receive the support and interest from teachers as another active teaching methodology that, 
built to achieve educational goals, also manages to motivate and attract the attention of students. The objective of the 
research is to describe the development of a serious game used to assist in the teaching-learning process of global 
prosperity. To this end, qualitative research was performed, adopting the Design Science model. As for the results, it was 
identified that constant testing added value to the construction of the game. Another contribution of the study is the 
emphasis on the concern that developers or educators must have regarding some elements in games, such as the rules 
and mechanics. The research brought contributions to the educational process, as well as business practice, with the 
combination of teaching cases and educational games. 

Keywords : Case Method. Global Prosperity. Design Science. 

1 Introduction  
The social and technological context and new contemporary social habits and practices, in addition to the 
generation of digital natives (Prensky, 2003) who have an innate ability to learn how to interact online 
(McGonigal, 2011) trigger the growing emergence of new approaches and educational possibilities, allowing 
the expansion of pedagogical actions in the classroom (Figueiredo, et al., 2015).  

From this perspective, active learning methodologies, such as case studies and serious games, have several 
advantages: allowing for the establishment of links between the teaching environment and the real world; 
leading students to the variability of solutions; favouring the establishment of relationships between variables; 
contributing to the analysis of a problem from different points of view; requiring students to publicly express 
their ideas and subject them to criticism; adjusting to different levels of teaching complexity, and they can also 
be used both in face-to-face and distance learning (Alves et al., 2015; Bacich & Moran, 2018). 

As an active learning methodology, Teaching Cases are commonly used as a complement to other teaching 
methods, usually based on the deductive method of teaching -learning, thus, they are based on theories, 
models, or concepts (Roesch, 2007). 

For Alves et al. (2015), Gamification is an active teaching methodology that arises, in this sense, with the 
principle of appropriation of elements used in games for contexts of products and services not focused on 
games, but to promote enga gement and learning. Unlike games, the goal of gamification is not just having 
fun, hence serious games. 

The gamification process analyzed here had the pedagogical purpose of teaching and making students aware 
of the concept of Global Prosperity. This concept has emerged in recent decades questioning the centrality of 
economic growth as a measure of success and well-being of a community, proposing a multifaceted analysis 
that considers alternative and contextualized values to judge the quality of life of a society.  

Since its establishment, the concept of Sustainable Development, and initiatives derived from it, have become 
the target of criticism, either for the false symmetry between the three factors propagated (Flint, 2010; Paes, 

https://doi.org/10.5281/zenodo.6916562






   

8 

  
Figure 2. Framework for the Design Science research. Source: Venable (2006). 

In figure 2, problem and solution are placed in the same flow, where it is possible to confront them to propose 
new theories or hypotheses. Although the activities can be developed without a theoretical definition, during 
the progress of the building -development-validation process, the theoretical construction occurs when 
analyzing the interactions to understand the problem, its causes, and consequences; when defining and testing 
the artifact and; with the validation of the results obtained by its application.  

Based on figure 2, by Venable (2006), we can divide the research into 3 phases: building, natural or artificial 
evaluation, and development. It is important to highlight the circular model of the system, a beneficial feature 
in model validation.  

The building stage seeks to understand how it is done, how it should be done, and the success parameters that 
are adopted in the literature. For this, the basis of the work is theoretical, making the test versions of the game 
into conceptual work frameworks, trying to create a solid base in which the educational principles of the game 
were fostered. 

Based on this, there are changes made from an evaluation; whether artificial from a role-playing simulation or 
even simulations from action research, when researchers are involved in adaptation meetings; or even, field 
studies, as in tests with subjects brought from outside the research. 

The results of this iterative model, even if partial in this process, already denote a "design research", while the 
result of this type of research can be either the finished artifact or an improvement in an artifact that exists, or 
is in development. 

 

2.1 Serious game Reis Magos 
The game Reis Magos was inspired by the teaching case Reis Magos Hotel. It portrays a decision-making 
situation involving a manager, regarding the fate of an important landmark for tourism, in addition to being a 
historical and cultural monument in the city of Natal, in Rio Grande do Norte.  

Throughout the case, data demonstrating the golden years of the Hotel are shown, followed by changes in the 
places, due to the expansion of tourism to other regions of the city, and the co nsequent period of decay of the 
hotel. 

In the teaching case, the student is in the position of the manager, owner of the establishment, and is faced 
with quantitative and qualitative data related to historical, cultural, economic, and social issues surrounding 
the hotel, as well as possible choices.  
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conducive to these exchanges, whether due to the scarcity or abundance of a resource. Another contribution 
to the mechanics was the inclusion of luck or bad luck. 

In the balance of features, the main factor that led to this fundamental part of the game design was the 
repetition of internal tests. The importance of repetition i n identifying biases concerning resource imbalances 
was easily identified when viewing the annotations made in the tests. 

This way, we need to understand what the structural elements that the game implemented in its development 
were, and then move on to their description.   

3 Describing the structural elements of the game  
Prior, the developers intended to make the game as interactive as possible, thus, characteristics common to 
Role Play Games (RPG) were used, where the player assumes the role of a character, which has its own history, 
characteristics, and motivations.  

In this way, the game presents the narrative of the characters through three cards distributed throughout the 
gameplay, they contain a description of motivations and objectives, from the characters, about what should be 
done with the Hotel. This is also the first contact with the character. This aims to convey a point of view, where 
the player can identify or not with the motivations, generating or not an empathetic link with the character.  

As the game progresses, the player receives information about what happened to the Hotel, from its 
construction to the most current moment in the case, along with other points of view on what should be done 
with the organization. This qualitative information ends up influencing the decisions of the winner, as in that 
moment the player can use the information along with their persuasion skills to defend the point of view from 
their character, winning the game or not.  

During the internal validations, the develop ers noticed that the main moments where the motivation was 
highest were at the beginning of each act, when players receive a new card related to their character, delving 
deeper into their narrative and, with it, they received a letter presenting the histor ic moment of the Hotel, 
generating a broad vision of the period in which they are inserted.  

In addition to the beginning of the acts, the end of the game also represents a peak of motivation, as the 
strategy chosen by the player is put to the test and everything, they learned during the game can be used as 
an argument in his defence in defining the winner.  

As this is based on a true story, the demands for resources vary a lot between the possible decisions of what 
will be done with the Hotel, so the researchers have chosen to divide them into 4 types, to measure the 
objectives within the game, namely: 

1. Monetary Resources: they represent how resources related to money or goods are needed for players 
to reach their individual goals; 

2. Social Resources: they represent how much of the social demand must be met for players to reach 
their individual goals; 

3. Media resources: they represent how many media-related activities players need to reach their goal; 

4. Political resources: they represent how much political influence players need to achieve their goal. 

These features are directly linked to the individual goals and narratives of each character, being part of one of 
the main factors of gamification, which is the transformation of actions or events into reso urces, and thus 
motivating players to seek the most demanded resources to achieve their goals. Finally, diversifying strategies 
from each of them according to their demands.  
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Figure 4. Map of the game. 

The game has 4 types of cards, they are used to distribute resources, give bonuses or penalties, while they are 
also the main narration device of the case. 

The resource cards (figure 5) have some resources and tell a little about the history of the Hotel, this information 
is read to all players and can be used as an argument for defining the winner: 

 

 
Figure 5. Resource card. 

In addition to the businessperson cards (figure 3), presented at the beginning of the game description, there 
are Act cards (figure 6), which report the historical period in which the game takes place, representing the time 
of the game advancing. 
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Figure 6. Act cards. 

 

Finally, there are the luck or bad luck cards (figure 7) aimed at randomly giving bonuses or penalizing 
players. 

 

 
Figure 7. Luck and bad luck cards. 

There are game moments to help players achieve the goals from their characters, at the beginning and end of 
the third act when players can make cards exchanges. As the resources are part of the cards, when an exchange 
occurs, the previous resource is lost and the new one is received. 

The winner of the game is decided in three moments, the first is the strategic evaluation, where each player 
presents their cards and checks whether they reached their individual goal. After that, each player who did it 
must defend, in a coherent way, dialoguing with the information he obtained during the game, the reasons 
why his character deserves the victory, and which benefits will be brought both to the Hotel region and the 
city of Natal.  

Following the presentations, all players must vote to define the winner. If the result is not yet determined, an 
external person (the teacher, tutor, or a person chosen by the players) must hear the defences presented and 
decide the outcome.  

After the winner is announced, everyone should read the epilogue cards (figures 8 and 9) related to the 
character, keeping in mind that each card has a prerequisite written on it. After this, a joint reflection should 
be made as to whether this was the best option for the future of both the H otel and the city of Natal. This 
moment serves to develop a critical view of the social issues that are inherent to the Hotel case. 
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Figure 8. Epilogue cards 1 and 2. 

 
Figure 9. Epilogue card 3. 

4 Conclusion  
We believe that the objective of this research, which was to describe the development of a serious game to 
assist in the teaching-learning of global prosperity from tests with Design Science, was achieved. We could see 
that with Design Science methodology, constant modifications and tests were performed, enhancing the 
construction of the game and providing changes that have improved its overall quality.  

Another contribution of the study is highlighting the concern that developers or educators should have ab out 
game elements during development: Communication of game elements, Mechanics, Balance of Resources.  

We believe that research is relevant both for theory and the educational process, as well as for business practice. 
This is demonstrated in the possibility of building games from teaching cases, thus contributing to the 
development of people through the dissemination and adoption of the combination of these two 
methodological teaching strategies.  

We recognize that the study had limitations. Despite the game being built, it was not tested with a large sample, 
only remotely, due to the pandemic. In this sense, we suggest further testing performed by studies with large 
samples, in quantitative research, and, in addition, new research conducted in person. 

5 Final considerations  
This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil 
(CAPES) - Finance Code 001 
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Abstract  

Port Management and Operation subject in Civil Engineering degree of the University of Alicante is a mainly theoretical 
subject, full of complex engineering terms. In addition, the schedule of this course is from 15 to 17 h, just after lunchtime . 
This causes a decrease in the attendance and motivation of the students throughout the course.  To mitigate this problem, 
an Active Learning methodology was proposed. Personal response systems are mechanisms with a system of controls that, 
in real time, can be used to carry out questionnaires and interpret the results. One of these systems is the platform Kahoot!. 
The materials of each lesson were provided to the students so that they could work on the contents before the sessions 
(flipped classroom). A quiz is completed before and after each session to determine the degree of involvement of the 
students and the level of attention during the session. The first and last 5-10 minutes of each of the theory sessions were 
dedicated to the Kahoot! quizzes. Most of the students' connections were made with their mobile phones.  The results show 
that the level of student engagement increases over the course, as the percentage of correct answers before the explanation 
increases over the course. It is also observed that after the lessons, the rate of correct answers increases, which indicates 
that the students are more involved and follow the class with greater interest than previously. Moreover, gamification 
improves the classroom learning atmosphere. The use of Kahoot! to promote active learning, to reinforce the knowledge 
of the concepts seen in class and to create an evaluative test in the form of a game were evaluated in a very positive way. 

Keywords : Active Learning; Civil Engineering Education; Kahoot!; Soft Skills. 

1 Introduction  
Teaching in Spanish faculties generally involves a large number of students, whose active participation in 
classes and evaluation involves great difficulties (Pérez-Colodrero, 2020). Thus, one of the main problems in 
university teaching nowadays is the lack of motivation and participation on the part of the students (Pintor et 
al., 2014). The subject of Management and Operation of Ports of the Degree in Civil Engineering at the 
University of Alicante, although it has few students, there is a lack of motivation among them. 

At the beginning of the 21st century, the first personal response systems appeared to alleviate this problem. 
These were initially called "clickers", which are mechanisms with a system of controls that, in real time, can be 
used to perform questionnaires and interpret the results (Pintor et al., 2014). One of these systems is Kahoot! 
platform. This platform is a personal or group response system that, based on the game, transforms the 
teaching-learning process (da Silva et al., 2018). In this way, students learn from a playful perspective (Jaber et 
al., 2016), their motivation, commitment and active participation are fostered (Sharples, 2000; Wang, 2015) and, 
at the same time, digital competence is developed (Álvarez-Rosa et al., 2018). 

The recreational component of these games promotes student motivation, confirming the existence of a 
relationship between gamification and motivation (Kenny & McDaniel, 2011). Therefore, if one of the main 
objectives is to increase the motivation of students to achieve meaningful learning (Curto Prieto et al., 2019), 
games present a good opportunity to increase the motivation, desire and commitment of students in their 
teaching-learning process (Serrano et al., 2011). 

Some educators consider game-based learning an effective method because it maintains the purpose of 
education, enhances player skill, and can be used in real life (Von Wangenheim & Shull, 2009). In fact, 
gamification has increased exponentially in education since 2014 perhaps because educational games put the 
learner at the centre of learning, which facilitates more fruitful and interesting le arning (Torres-Toukoumidis et 
al., 2019). Therefore, the introduction of games in class aims to foster dynamism, engagement and motivation 
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among other factors (Lee & Hammer, 2011). But the current educational landscape demands the inclusion of 
technological advances to improve the quality and the learning process, which would be in line with the 
preferences of the millennial generation for more active and technological (Jain & Dutta, 2019). 

Considering the benefits described above, this methodology has been implemented in the course of  Port 
Management and Operation of the Degree in Civil Engineering at the University of Alicante to achieve the 
results obtained in similar studies in the scientific literature described for this resource. Thus, it is expected to 
improve the participation, performance and motivation of students in the subject, mainly in the theoretical part 
of it.  

2 Method  
This project was conducted within the framework of the course "Management and Operation of Ports" of the 
Civil Engineering Degree of the University of Alicante. This compulsory course is part of the fourth year of the 
degree within the branch of Transport and Urban Services. It is a subject that consists of 1.20 credits of theory, 
0.60 credits of problems and 0.60 credits of fieldwork. The inclusion of the Kahoot platform was implemented 
in the 2018-2019, 2019-2020 and 2020-2021 courses of the subject of Port Management and Operation of the 
fourth year of the Degree in Civil Engineering at the University of Alicante. The experience evaluated a total of 
14 students (6 in 2018-19, 4 in 2019-20 and 4 in 2020-21) during the theory hours shared between two 
professors every Wednesday of the second term from 15:00 to 17:00. 

In this research, the Kahoot! platform was used to evaluate the level of attention, understanding and 
involvement of the students, both in their work at home and during the theoretical classes. This platform allows 
for questionnaires that can be answered individually or in groups, and also allows setting a time limit for 
answering the question. Students earn points for each correct answer as well as for the speed with which they 
answer the different questions correctly. For students to participate in the surveys, they must have a device 
connected to the network. It is not necessary to have an account on the platform application, simply know the 
test code and indicate a name or "nickname" to identify yourself during the duration of the questionnaire. 
When the time to answer each question is over or when all the participants have answered, the answer selected 
by each contestant, the correct answer, the score obtained in that question by each participant and the 
positions in the ranking are displayed. Finally, at the end of the questionnaire, it is possible to include questions 
to obtain feedback on the f eelings of the students.  

In our case, the tests were set to be answered individually by each of the students. Each test had a different 
number of questions depending on the length and complexity of the unit. The response time was set at 20 
seconds for all cases. To determine the degree of enjoyment of the students in taking these tests, four questions 
were established only in the last test that was taken. The questions indicated the level of enjoyment valued 
between zero and five, the belief of having learned with the method (yes or no), the possible recommendation 
of the method (yes or no), and the level of satisfaction with the methodology, with the possibility of answering 
between zero to five. 

On the first day of class, the procedure and teaching methodology that would be used during the theoretical 
classes of the course was explained. It was indicated that during each session two questionnaires would be 
conducted on the Kahoot! platform, one at the beginning and one at the end of the session. During thi s first 
class, a first test was carried out to find out the knowledge that the students had about the subject.  

Throughout the following sessions, the first and last 5-10 minutes of each theoretical class were reserved for 
the completion of the questionnair es with the Kahoot! platform. This is because in each class two 
questionnaires were carried out with two purposes. 

1) Before the theoretical explanation (BTE Test). Before the explanation of each lecture, a test was conducted 
with questions related to the topic. This made it possible to know the level of knowledge of the subject of the 
students, as well as their work at home and involvement with the subject since at the beginning of the course 
the theoretical development of each of the topics and their orga nization and distribution throughout the 
course were given. 
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2) After the theoretical explanation (ATE Test). After the explanation of the topics corresponding to each 
session, a test was conducted with repeated questions from the initial test and other new questions, but all of 
them related to the topic of the session. The purpose of this test is to determine the level of attention, 
motivation and learning of the students throughout the class.  

Once all the students had answered each of the ATE test questions, the answers chosen by each one were 
commented on and discussed, and the correct answer was reasoned. At the end, the teacher of the session 
kept the results obtained by the participants in each session. 

Finally, during the last session, the initial test (conducted on the first day) was repeated to see the increase in 
knowledge of the students concerning the beginning of the course . 

3 Results 
The first result to be analyzed is the results obtained by the students after the inverted class, that is, the previous 
evaluation of the knowledge of the students before the explanation of the unit in class. It should be born in 
mind that the students had all the information on the subject from the beginning of the course. Figure 1 shows 
the average results obtained by each of the courses evaluated for each of the 14 theoretical class sessions. As 
can be observed, in general, the percentage of correct answers before the theoretical explanation is between 
54% and 71%, with an average of 61.6% in the three courses. Unit 10 stands out for its low percentage of 
correct answers, with an average of 45.7% in the three courses. It is also observed (except for unit 10) that the 
percentage of success in the last units tends to increase slightly, which leads to thinking that little  by little the 
students tend to become more involved in the readings and learning of the material before the explanation in 
class. Next, the success rate of the students after the theoretical classes is evaluated. In this case, the percentage 
of correct answers is higher than in the questionnaires before the explanation in class, which implies a high 
level of student attention during the theoretical sessions. In this case, the percentages of correct answers are 
between 61% and 95%, with an average of 79.4% in the three courses. Once again, unit 10 stands out with an 
average correct answer of 85.5%, which implies an increase of 87% concerning the percentage of correct 
answers before the theory class (the average for the rest of the units is around 26%). This leads to the conclusion 
that this is a complex topic for students to understand unless they are correctly guided during its development.  

 
Figure 1. Percentage of correct answers in each of the Kahoot! questionnaires conducted in each of the courses analyzed 
before (BTE) and after (ATE) the explanation of the subject unit. 

Figure 2 shows the results of the test conducted on the first day of class to determine the level of student 
knowledge of the subject. As can be seen at the beginning of the course, knowledge is very low with an average 
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of 57% of the answers being correct. This is due to the high degree of specialization of the subject, the contents, 
and the vocabulary used in the port environment. However, the knowledge at the end of the course as observed 
is much higher with an average of 85% of the questions answered successfully. These good results were also 
reflected in the final grade of the course, which increased by 1.8 points concerning previous courses in which 
the usual methodology was used. 

 
Figure 2. Results of the initial test conducted on the first day and the last day of class. 

The analysis of the four final questions to determine the degree of student acceptance of the Kahoot! platform 
(Figure 3) shows that in general, 89% of students consider this learning system to be innovative, fun and 
motivating in the classroom. The 2020-2021 course is the one that least values the platform as learning 
dynamize with 79% compared to 85% in 2018-2019 and 2019-2020. Analyzing the questions individually, it is 
observed that 87% of the students consider that it is a fun way of learning, highlighting the course 2019 -2020 
with 91%. Interestingly, the same percentage (87%) of students consider that they have learned using this 
methodology and that they would recommend it. The percentage of 2020 -2021 stands out with only 81% in 
the question on whether they have learned something, while the 2018-2019 and 2019-2020 courses present 
93% and 88%, respectively. Finally, concerning the question of the level of satisfaction with the methodology, 
only 79% of the students said that they had a positive feeling. The 2018-2019 and 2019-2020 academic years 
stand out again with 73% and 71%, respectively, while the 2020-2021 academic year shows the lowest 
percentage with only 63%. 

   
Figure 3. Responses to the questions to determine the degree of acceptance of the use of the Kahoot! platform for each of 
the implementation courses. 
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Abstract  

Traditionally, civil engineering professionals have worked for public institutions and large construction companies. 
Nowadays, recent graduates of civil engineering have problems finding their first job despite the requirements of the 
degree. Creativity, collaboration, persuasion and emotional intelligence are the essential soft skills needed. Unfortunately, 
none of them appears in the civil engineering curriculum.  

This work proposes to conduct the creation of small cooperative teams of students to face different challeng es in line with 
the syllabus of one or several subjects. Thanks to this, students can increase the number of competencies developed during 
their academic life at the university. Nevertheless, they are able to apply technical knowledge while they gain professional 
experiences, improve their soft skills and enhance the ability to understand, use and manage their own emotions through 
active learning. Incorporating real-life technical problems, already solved or not, from different companies is the key to 
establishing alliances with enterprises that connect hard and soft skills.  In this way, the quality of the grade can be improved 
while the students keep learning key competencies of the subject allowing them to gain skills and professional experience. 
Furthermore, this activity can be the beginning of a start -up in an academic environment. 

This research has shown the need for the development of soft skills in civil engineering students, both undergraduate and 
master's degrees, to promote entrepreneurship and self -employment as job opportunities. The creation of the teams, their 
management, the resolution of the different problems from real -life situations or adapted, the connection with different 
companies and institutions and the presentation of the results can be the key to the holistic development of future 
professionals. Including the possibility of entrepreneurship, since all the students questioned considered that they have 
improved their entrepreneurial competencies thanks to this experience. 

Keywords:  Active Learning; Engineering Education; Entrepreneurship; Start-Up; Soft Skills. 

1 Introduction  
Both the current and future generations of civil engineers will not find it sufficient to assimilate the curriculum 
content related to the technical knowledge of  road design, dam maintenance or port management. 
Unemployment rates among civil engineering graduates are on the rise and there are more and more civil 
engineering schools. Therefore, it is necessary to introduce knowledge related to entrepreneurship as well as 
the development of soft skills as a differentiator for the subsequent employability of graduates.  

An important aspect to justify this need is the unemployment rate of close to 5% in the year 2020 along with 
the low rate of Spanish university graduates who develop their professional activity from self -employment 
(Garcia-Barba et al., 2020). Furthermore, the European Union has set as a strategic objective within the ET2020 
document ''Increasing creativity and innovation, including entrepreneurship, at all levels o f education and 
training'' (Weber, 2012). Therefore, this innovative action is understood and explained within this objective. 
Also considering, entrepreneurship is a complex and extensive process ranging from the generation of the 
idea, the process of elaboration and maturation of the idea, the output to the real world, as well as the 
evaluation of the process to complete the action performed.  

From a formal point of view, there is more and more research and in-depth study of the phenomenon of 
entrepreneurship and the concept itself, and most developing and developed countries are now beginning to 
clearly link entrepreneurship education and training (Matlay, 2008). It is clear, as already mentioned, that the 
concept of entrepreneurship education is much broader than just entrepreneurship training content. As Osorio 
and Duart (2011) state, economic sciences have a functional view, of what to do; human sciences focus on the 
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collaboration, thus allowing the creation of a learning environment that leads to the development of skills and 
attitudes in the profile of civil engineering students.  

Through the entity that manages the ports of Valencia, Sagunto and Gandía, the Port Authority of Valencia and 
the Open Innovation Hub of Valenciaport, a series of real challenges will be established that must be solved as 
sustainable projects from an integral point of v iew. The Port of Valencia is also one of the leaders in container 
transport in the Mediterranean Sea, reaffirming itself as well as "strengthening its leadership position as a 
reference and strategic hub of the Mediterranean in the management of goods and traffic, its commitment to 
sustainability and the environment, digitalisation and transparency". Therefore, each academic year will include 
a series of challenges related to the sustainable mobility of people and goods, the development of a 
competitive off er of infrastructures and services, as well as the fight against climate change. In short, the aim 
is to develop solutions and business models to achieve a smart, green and resilient port in the future (Figure 
1). The different development proposals should be connected to the items given in Figure 1, related to 
circularity, planning, management and operations. In this way, we connect the development of entrepreneurial 
ideas considering social and environmental aspects. 

Table 1: Curriculum of the Undergraduate degree in Civil Engineering at the University of Alicante. In bold are 
the subjects that previously develop the basic knowledge to create entrepreneurial projects.  

FIRST-YEAR ECTS 

 FUNDAMENTALS OF MATHEMATICS IN ENGINEERING I 

 FUNDAMENTALS OF PHYSICS IN CIVIL ENGINEERING 

 FUNDAMENTALS OF CHEMISTRY IN CIVIL ENGINEERING 

 FUNDAMENTALS OF INFORMATION TECHNOLOGY 

 ENGINEERING AND BUSINESS 

 FUNDAMENTALS OF MATHEMATICS IN ENGINEERING II 

 MECHANICS FOR ENGINEERS 

 GRAPHIC EXPRESSION I 

 FUNDAMENTALS OF MATHEMATICS IN ENGINEERING III 

 GEOLOGY APPLIED TO CIVIL ENGINEERING 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

SECOND-YEAR  

 STRUCTURAL ANALYSIS I 

 CONSTRUCTION MATERIALS I 

 GRAPHIC EXPRESSION II 

 HYDRAULICS AND HYDROLOGY 

 SOIL AND ROCK MECHANICS 

 FURTHER MATHEMATICS 

 STRUCTURAL ANALYSIS II 

 CONSTRUCTION MATERIALS II 

 TOPOGRAPHY AND PHOTOGRAMMETRY 

7.5 

6 

7.5 

9 

6 

6 

6 

6 

6 

THIRD-YEAR  

 GEOTECHNICS AND FOUNDATIONS 

 ELECTRICAL TECHNOLOGY AND LIGHTING ENGINEERING 

6 

6 
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Figure 2 Steps of the entrepreneurial project 
 
The next phase has to do with the part of in-depth research of the problem, academic and professional review 
of the subject studied and the ideation of proposals that solve the problem with the charact eristics mentioned. 

The following step is related to the realization of the ideas generated in the previous stage, the development 
of the project from the technical point of view and the application of the Business Model Canvas (Figure 3). It 
resolves aspects such as the value proposition, or what our solution brings to the table that is different from 
what was being done before (Osterwalder & Pigneur, 2010). 

 

Figure 3: Business Model Canvas adapted for the entrepreneurial project. 
Moreover, it considers the customer segment or, depending on the type of project, the different users. It also 
includes the relationship established with the customers and how our solution reaches these users. This 
document reflects the activities and key resources that are necessary for our proposal to work as well as the 
possible alliances that can or should be established for it to work properly. Finally, it considers its economic 
balance, both in terms of costs and revenues. We will also include the social and environmental impact of the 
project itself . In this way, students solve the proposed problems from a technical point of view but are able to 
understand their economic feasibility. Thus, they can understand how their solution would work from a 
business point of view, giving it the form of a business idea and almost a business plan, one of the first steps 
to entrepreneurship through this model. Finally, the project is presented for its evaluation both by the teachers 
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(Figure 4). Students are involved in the subject and the development of the projects by carrying out a realistic, 
feasible project designed to simulate a future professional activity. 

 

Figure 4. Average grade of the subject for the last three academic years 
 
Finally, the measurement of the results of the perception of the development of soft skills shows the 
improvement experienced in the last course concerning them. The assessment of the questionnaires shows 
that the students have experienced the development of these skills (Figure 5).  

Communication and Work in teams were the soft skills more developed, followed by a significant level of 
Creativity and strategic vision. Conflict resolutions and adaptability of ideas were the lesser evaluated skills, but 
both with a score of 3.8/5.  

 
Figure 5. Mean of the responses to self-assessment questionnaire competencies 

4 Conclusions  
This research tackles the need for the development of soft skills in civil engineering students, both 
undergraduate and master's degrees, to promote entrepreneurship and self -employment as a job opportunity , 
since recent graduates have problems finding their first job. Creativity, collaboration, persuasion and emotional 
intelligence are the essential soft skills needed. 
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construction of facilities and engineering works in the maritime and coastal environment. The development of 
the subject is carried out through theoretical classes, practical problems, computer practice and field visits. In 
the academic year 2021-2022, there are a total of 18 students enrolled. The computer lessons are conducted 
over 5 sessions of one hour each, distributed throughout the course so that the concepts learnt during the 
theory sessions can be applied. 

Throughout the sessions, the teacher made an example in class of obtaining the Coastal Vulnerability Index 
(CVI) on a coastal strip, obtaining the geomorphological, oceanographic and marine community parameters. 
To do this, he used a geographic information system, QGIS, a new software for students, which can be complex 
without some previous knowledge. The students were, at the same time, doing their work on their comp uters, 
asking questions and, finally, completing the tasks autonomously, either in the classroom or, in most cases, at 
home, given the lack of time to complete them in the classroom due to the slow pace of the explanations. 
Moreover, students usually complained about the impossibility in some cases to follow the synchronised 
rhythm of the explanations, which led to a reduction in attendance and a drop in academic performance.  

As a method of evaluation, at the end of the course the students must hand in a report describing the 
procedure followed and the results obtained from the calculation of the CVI. The mark obtained represented 
10% of the total of the course. 

2.2  Description of the experience  
Firstly, a design phase was carried out in the initial weeks of th e course and before the start of the computer -
based practice sessions. All available information on Active Learning and PBL, supported by ICT resources, was 
compiled. After exploring the different methods and resources available (notes in digital format, e xisting videos 
on the Internet, creation of specific video tutorials, etc.), scenarios for testing new methodological tools and 
innovative techniques for improving the teaching -learning processes were developed and implemented. The 
aim is to achieve greater student engagement, which should have a positive impact on the results of the 
continuous assessment throughout the course. 

The best way to implement the PBL and Active Learning methodology was discussed among all the participants 
in the network, and the conclusion was to carry out group workshops on obtaining CVI in different sectors of 
the coast. Professors met to establish the quantity and appropriate content of each of the video tutorials 
necessary to carry out this experience, in line with the development of the contents of the subject and with the 
programming of the computer -based practices foreseen in the schedule. Two video tutorials were created 
containing the guided development of the computer exercises, with the step -by-step resolution of a pract ical 
case of obtaining the CVI in a coastal stretch different to those assigned to the groups. For each video tutorial, 
files were prepared with the title, description, contents, format and duration, as well as screenshots of the cover 
and part of the vide o (Figure ). In addition, to reflect the real workload, the weight of this part of the course 
has been increased to 30% of the total mark, with 60% for the report to be submitted with the methodology 
and results obtained and 40% for the presentation and oral defence of the project carried out.  

For the evaluation of the experience, the instrument to be used will be mainly a questionnaire designed to find 
out the students' assessment of the new methodology implemented and the video tutorials, including possible 
answers where appropriate. Moreover, we will also compare the attendance and the results of the evaluation 
of the current academic year in which the experience will be implemented with t he reports of previous years. 

As described above, the new methodology based on PBL and Active Learning has been implemented in the 
academic year 2021/22. The students will carry out a project in groups of between 2 and 3 people whose 
objective is to obtain the Coastal Vulnerability Index of various stretches of coastline of similar length and 
complexity. Sessions 1, 3 and 5 will be done in classic workshop lessons, while for sessions 2 and 4 the viewing 
of the video tutorials is implemented.  

This activity was planned to be carried out asynchronously, although it was recommended to be carried out 
before the date assigned to the respective sessions in order to be able to dedicate the session (1 hour each) 
to the resolution of doubts and/or problems that arose for each student. The video tutorials have been created 
with the OBS Studio software, and have been published on Youtube with access only to the students' e-mail 
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addresses. This platform was chosen for its versatility and accessibility from different devices (PC, Tablets, 
Smartphones, TVs...) as well as for providing higher quality viewing and for being widely known by all students, 
regardless of their digital skills. 

 
Figure 1: Sheet describing the video tutorials 

Finally, after the implementation of the experience, the degree of student satisfaction was evaluated using the 
evaluation instrument described in section 2.2 above. To ensure maximum participation, a 10 min slot was set 
aside at the end of the last practical session where all the students were present and were asked to fill in the 
questionnaire anonymously. Once the answers were collected, they were analysed to draw the results and 
conclusions shown below. In addition, an evaluation was made of the overall quality of the work presented in 
comparison with that of previous years, as well as an analysis of academic performance and attendance and 
monitoring of the practical sessions. 

3 Results 
It is important to highlight the high participation of the students in answering the questionnaire, achieving 100 
% participation. This was influenced by the fact that a few minutes were spent in a class in which all 18 students 
were present and asked to fill in the questionnaire, emphasising its anonymous nature.  

The results of the questions asked are shown below. Inquired about their opinion on the use of PBL & video 
tutorials (Figure 2a), 100 % of the students considered their use to be of interest, as well as that it has helped 
them in the learning process. As for the teaching methodology ( Figure 2b), 89 % opt for the one followed in 
this course, viewing the videos asynchronously at home before the workshop session and dedicating that hour 
to progressing with the assigned work and resolving doubts. Only 2 student indicates that he/she prefers to 
receive a classic synchronous explanation and to have the videos as support, while not having the video 
tutorials is an option that nob ody chooses.  
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Regarding the reasons why the students consider that the methodology implemented in this course (video 
tutorials for the guided resolution of computer exercises and PBL) has improved the learning process (Figure 
2c), all indicate as advantages of having the video tutorials that when developing the project, they have been 
able to consult the explanations again, that they have been able to repeat the explanations as many times as 
they have needed and that in this way it has become easier to follow the course at their own pace. 78 % percent 
consider that this gives them more time to understand the exercises proposed, and only 61 % see the 
advantage of the video tutorials as being able to follow the explanations if they do not attend the workshop 
in person. 

 
Figure 2: Responses on the use of video tutorials and PBL methodology 

Regarding the perception of how the video tutorials influenc e the consolidation of the concepts and knowledge 
explained (Figure 3a), 63 % consider that they influence Very, while the remaining 38 % indicate that they 
influence them Extremely. In other words, all the students considered that the use of video tutorials had a 
positive or very positive influence on the teaching -learning process. When asked about the aspects that they 
consider most relevant to be present in the video  tutorials and that help them to learn ( Figure 3c), 100 % agree 
that the accuracy of the explanations is the most relevant, followed by 78 % who mark the graphic design as 
an aspect to be considered, and only two students indicate that the clarity language used is relevant. This 
implies that the students attach importance to receiving correct and precise explanations, and also to the 
graphic format of the video, whereas they dominate the technical terms used by not giving them so much 
importance. 

About the advantages they have observed in the use of video tutorials in the learning process (Figure 3c), the 
students could choose multiple predefined answers, as well as add other advantages that they considered were 
not present, which none of them did. The only answer that everyone ticked, and which is therefore shown to 
be the greatest advantage of this methodology, is Being able to repeat the explanation and the commands used 
as many times as one needs. This is followed by Following the pace of the class in a personalised way (89 %), and 
this response corresponds to one of the findings of this research. Traditionally, teachers were faced with the 
problem of having to adapt the pace of their lessons to students who had more difficulties in following them 
synchronously or who had less digital skills, causing, on the one hand, that the time allocated to each lesson 
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was often scarce because they could not advance all the desired concepts and procedures, and on the other 
hand, that the students were frustrated, causing a reduction in attendance and a decrease in academic 
performance. At the same time, more advanced students or those with greater digital competencies saw their 
learning progress delayed, with abundant time-outs that also caused the same effect of disconnection, 
sometimes even generating some friction between classmates. 

 
Figure 3: Responses on the advantages and influences of the proposed methodology on learning. 

This negative effect has disappeared with the proposed methodology, as viewing the video tutorials allows 
each student to follow the pace  of the explanations they need, even if they are viewed during the workshops, 
and the teacher can deal with any doubts that arise in a personalised way without slowing down the teaching 
pace. 78 % of students agree that this is an advantage, since being able to view the video tutorials at any time 
makes it easier to follow their own pace of learning at the time when they are most inclined. Comments not 
included in the survey but communicated to the teaching staff by the students indicated that they watched the 
videos on their smartphones/tablets on public transport on the way to class, during the dead time between 
subjects or even while doing their housework. This possibility of viewing the video tutorials on several devices 
is also pointed out as an advantage by 78 % of respondents, as it allows them to have the video tutorial on 
one screen to follow the explanations and on the other screen to carry out the procedure at the same time. 
Finally, the better visualisation of the content, an aspect that also used to be problematic in workshops sessions, 
due to the resolution of the projector, is only indicated as an advantage by 39 % of the students.  

The length of the video tutorials was rated as adequate by 72 % of the students, while 28 % considered it 
excessive (Figure 4a). It should be recalled that the duration of the video tutorials was about 50 minutes, 
practically the same as the face-to-face session. However, for some students this duration is often considered 
excessive, as they are used to a faster audiovisual consumption, like knowledge pills (Colomo & Aguilar, 2017). 
As a proposal for improvement, for future courses we will consider dividing the video tutorials into blocks of a 
shorter duration (10-15 min). It will be the same content but presented in a more convenient way to find the 
parts of interest for the students. Even so, 89 % would like to repeat this experience in other subjects (Figure 
4b), while 11 % indicate that they might like to do so, which indicates that the methodology we have 
implemented has been very well accepted. 
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Figure 4: Assessment of the experience. 

This is confirmed in Figure 4c, where, when asked about the overall evaluation of the experience, i.e. the 
learning based on carrying out a project to calculate the coastal vulnerability index with video  tutorials that 
solve the computer-based practice sessions in a guided manner, 61 % indicated that the experience was Very 
Good, and 39 % that it was Good, with no negative evaluations. The quality of the explanations is rated 50 % 
as Good or Very Good, while the graphic design of the tutorials is rated as Good (61 %) or Very Good (39 %). 
In other words, in all cases there is a positive assessment by the students. No negative comments or proposals 
for improvement have been received from them regarding the e xperience developed in this course. 

Figure 5 show an increase in attendance (100 % in this academic year 2021-22), as well as an improvement in 
the quality of the project submitted by the students at the end of the course , even considering the quality 
requirements were higher than previous courses as the value of the final mark of the workshop on the overall 
subject score was augmented up to 30 %. In addition, an increase in academic performance has been detected, 
obtaining the best scores of the last 7 academic courses.  

 
Figure 5: Evolution of the percentage of attendance and success at workshop and overall subject score. Students enrolled 
were 16, 17, 15, 19, 18, 16 and 18, respectively.   
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Abstract  

Computer engineering courses often require knowledge from other fields, such as numerical methods and heat transfer. It 
is challenging to motivate student s and show them how the contents presented in these units are connected to the core 
of their course. This paper presents a project based learning experience for third year undergraduate students of computer 
engineering at Insper Instituto de Ensino e Pesquisa. The students are required to work in teams to design a cooling system 
to a processor in a free version of the finite element software LISA. The theme of the project builds the bridge between 
heat transfer and computer engineering and the tool shows th e importance of numerical methods in engineering. Teams 
are free to select any processor available in the market and choose fictitious parts, such as fans and fins, from a list provided 
by the instructor. Each item in the list is associated with a price, so they must propose and simulate numerous designs to 
optimize their final cost. Their designs are initially based on observation of the cooling systems available in computers and 
smartphones and then improved by their heat transfer knowledge. Students present their solutions to sell their designs in 
the end of the project. This experience could be adapted into a contest for the lowest cost if a single processor was provided 
to all groups. A contest can motivate the students, but may also worry them, while a free choice has been successful in 
making them active and keeping a light environment. This experience can be accomplished remotely without expensive 
software and create a bond between heat transfer, numerical methods and computer engineering.   

Keywords : Project Based Learning; Heat Transfer; Numerical Methods; Engineering project. 

1 Introduction  
Many engineering courses have heat transfer and numerical methods units in their programme, but the 
importance of those units may not be clear to the students. For  example, a computer or electrical engineering 
undergraduate may not see a straight connection between heat transfer and the core of their engineering 
courses. Also, the role of the engineer has changed lately and companies have been requiring their specialists 
to have a broader understanding of the projects (Santos, Ayres, & Miranda, 2018), not only regarding technical 
aspects but also about entrepreneurship, design thinking (Goldberg & Somerville, 2014) and soft skills (Kumar 
& Hsiao, 2007). Therefore, it is necessary to motivate engineering students to acquire knowledge from other 
fields.  

Active learning (Christie & Graaf, 2017) strategies and project based learning  (Kokotsaki, Menzies, & Wiggins, 
2016) approaches have been widely used in engineering courses, especially to develop interdisciplinary tasks. 
The laboratory was transformed in an escape room game by (de la Flor, Calles, Espada, & Rodríguez, 2020), 
where chemical engineering students needed to answer heat transfer questions correctly to win. A sequence 
of tasks under the PBL methodology was designed by (Montero & González, 2009) to first year electronic 
engineering students, but their objectives did not include numerical methods. A PBL approach was suggested 
by (Zhuge & Mills, 2009) to motivate students to learn basic concepts of the finite ele ment method. They 
focused on structural analysis and used a commercial software to develop their models. In this work, numerical 
methods and heat transfer are combined in a 1 week project under the PBL approach. Each team of students 
must select an existent processor, design a cooler by assembling parts from a list and use a finite element 
commercial software to simulate its performance. 

This project was designed for third year computer engineering students, but the methodology can be applied 
to most engine ering modules. Either as an introductory activity in courses that have heat transfer as a core unit 
(mechanical engineering, for example) or as a complementary assignment to other engineering curriculums. 
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3.5 Assessment rubrics  
To make the grading process more objective and accurate, a few topics are assessed and the grades are 
calculated under the rubrics Invalid source specified.  presented in Table 2. The main topics to be assessed 
are: 

1. Brochure: showed technical data of the selected processor unit 
2. Brochure: showed a finite element analysis (graph/figure) of their design 
3. Brochure: satisfied the maximum operation temperature of the processor  
4. Pitch: mentioned previous configurations of coolers  
5. Pitch: discussed heat transfer processes and their importance on the design 

Table 2. Assessment rubrics. 

Incomplete  (0%) Developing (25%)  Essential (50%) Proficient (75%)  Distinction (100%)  

Items 1 or 2 are 
incomplete. 

Cleared only items 1 
and 2. 

Cleared only items 1, 
2 and 3. 

Cleared only items 1, 
2, 3 and 4. 

Cleared all items. 

4 Student submissions  
This section contains two examples of student submissions we found to be interesting. In the first example 
(Figure 1), all mandatory information is present in the brochure and the team managed to keep the highest 
temperature within the limit specified by t he manufacturer. Even though their design could have been further 
optimized, e.g. removing cold spots from the external fins to save material, it is safe to state that the 
requirements of the assignment have been attended. Contrarily, the second example (Figure 2) lacks the final 
cost of the system, also their fins are poorly distributed as the hottest region of the dissipator does not have a 
fin and the fins on the corners are cold. This kind of submission suggests the team knows how to operate the 
software and understood the main objectives, but their learning experience would benefit from a richer 
discussion and more trials.  

 

Figure 2. Student submission 1. 
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Figure 3. Student submission 2. 

5 Performance of the students  
Only 50% of the teams presented a brochure in the end, the other groups organized the results in different 
formats. The proposal of using a brochure to advertise their coolers must be reinforced in a future iteration of 
this project. Additionally, during the group discussions, a few students wanted to explore different processor 
units but did not manage to convince their partners. If the teams had been divided according to processor 
preference, maybe more diversity of coolers would have appeared. Only one team chose a mobile Snapdragon 
processor while all other groups selected regular CPU from Intel or AMD.  

However, all teams developed cooling systems that satisfied the maximum temperature allowed by the 
manufacturer, which indicates they understood the basic objective of the project and all of them obtained at 
least a 5/10 grade. Around 30% of the teams truly dived in the problem, presented fine results and obtained a 
maximum 10/10 grade. 

6 Teachers' perception  
The first designs of the students were mostly based on observation of coolers and slight improves on the 
tutorial we provided. But many groups managed to discuss and provide better results based on heat transfer 
knowledge. The activity can run remotely or in person as long as the teachers can enter the group discussions 
to hear and eventually steer the conversation into fruitful topics . Also, each team has access to at least one 
computer. We found it may become too demanding for a single teacher to interact at a personal level with the 
teams if there are more than 20 students in the class, it is ideal to have at least two instructors to follow the 
group talks in that case. 

If all teams were forced to use the same processor, this project could be transformed in a contest where the 
team with the lowest price cooler (that satisfies the maximum temperature) would win. The competition would 
favour the optimization step and could extrinsically motivate a few groups, therefore it is worthy being 
considered, but we felt most of the stud ents were already intrinsically motivated by the free choice of processor. 
The non-competitive atmosphere foments cooperation between groups, which enhances the learning 
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training programs. In Brazil, teacher training in engineering programs is still incipient, and most of the time, 
actions related to improving teaching are generally the teacher's own initiative or rare teacher training sessions. 

4.4 EER 
In the EER level, four papers were identified, which in common present theoretical review, describe the 
methodological procedures, including data collection methods; analyze the results from the data and 
demonstrate that the objectives were met. They certainly go beyond the classroom, however, a feature that 
draws attention is the fact that all of them address the Project -based learning (PjBL) method. Three papers are 
related to the organization of curricula of engineering programs, three are from Brazil and also three had 
explicit cooperation with the Unive rsity of Minho (UMinho), not necessarily the same papers. 

It is worth highlighting the work of Schlichting & Heinig (2015), from the Graduate Program in Education at 
the Regional University of Blumenau. The authors discuss the implications of AL regarding the uses of orality, 
reading and writing in the professional daily life in engineering. This is a qualitative research that involves 
discourse analysis from interviews conducted with students from the 7th semester of the Integrated Master in 
Industrial Engineering and Management at UMinho. The research brings a contextualization of the scenario 
studied at this university from the perspective of PLE (Project-Led Education) and also about its relationship 
with the world of work. The authors present a consistent theoretical framework as a basis for the analysis and 
discussion of the results. The methodological procedure is presented in a diluted form, throughout the text as 
the students' statements are interpreted from their experiences in the PLE and their first professional 
experiences. The authors attest to the need of inserting the student in realistic interaction practices and the 
importance of a spiral curriculum, in such a way as to allow the student to move from general knowledge to 
specialized knowledge. It is interesting to note that the authors' conclusion refers to Bruner's discovery learning 
in which the learner is exposed to the same topic in different ways and levels of depth. 

Another work of interest is that of Santos and Silva (2015), which presents the experience of the first contact 
with the project -based learning method from the perceptions of freshmen of the computer engineering 
program at the State University of Feira de Santana, in northeastern Brazil. A questionnaire answered by 14 
participants brings the students' impressions. In the first part, questions about satisfaction are raised; in the 
second part, the skills developed; in the third part the infrastructure is evaluated, and in the last part the overall 
satisfaction with the method is  raised. Although it has been classified as an EER, from the analysis of this work 
it can be seen that the authors could have mentioned similar applications in the theoretical review in order to 
compare the results found with those in the literature and th us be able to better evaluate the contribution. 
Also, the PBL model used was not well clarified. 

5 Final Remarks 
A reflection on such a large quantity of papers (50% of the total, classified as ER) that only describe practices 
or procedures without effective ly demonstrating the gains in student learning implies a greater attention to 
the training of engineering professors for EE issues. In many papers, gaps are observed about several important 
aspects of AL strategies and methods, such as the stages of application, the evaluation of learning when 
applying such a strategy/method, among others. It is essential that the instructor knows the AL strategy and/or 
method that he/she will use in the design of the learning environments in order to be able to choose whic h 
one will help in the development of the intended learning outcomes. Only then, the instructor will be able to 
develop a good ET intervention. 

The very small number of papers classified as ST and SoTL is closely related to the fact that most engineering 
schools in Brazil are not supported by faculty training programs. The results of a survey conducted by the 
ABENGE´s Teacher Training Working Group (Battistini & Mattasoglio, 2020) on the training of engineering 
instructors confirm that in most higher educat ion institutions in Brazil there is no space for the training of 
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Figure 1. Storage of washed bottles (left); Process 1 (right) .4 

In process 1 the operator collects empty bottle s from the baskets and places them in the filling machine. Once 
inside the machine, the filling is automatic, and each bottle always takes the same amount of wine, which is 
mixed with the gas. This process takes about 4.49 seconds per bottle. 

The process 2 (Figure 2 on the left) also requires one operator interacting continuously with process 1, since it 
consists of removing the bottle from the filling machine and passing it on  to the worker of the next process. 
This process takes about 3.99 seconds per bottle. 

   
Figure 2. Process 2 (left) and Process 3 (right). 

The operator in Process 3 takes the bottle that comes from process 2, places it in the bottle corking  machine 
and presses a button to initiate an automatic introduction of a cork stopper in the bottle. This process takes in 
average 3.99 seconds per bottle .  

In Process 4 (see left side of Figure 3) the operator collects the bottle that comes from the previ ous process, 
places a plastic capsule on the bottle neck and inserts the bottle into the bottle capsulator  machine for a short 
period of time, so that the plastic melts and stays fixed to the bottle. The time of this process is 5.84 seconds 
per bottle.  

   
Figure 3. Process 4 (left) and Process 5 (right). 

Finally, in Process 5 an operator transports six bottles at a time taking them by hand to the storage location. 
This process has a time per bottle of 3.53 seconds.  
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2.1 KPIs Analysis 
The line configuration presented has a bottleneck in process 4, resulting in a cycle time of 5.84 seconds per 
bottle. Table 1 presents data and KPI results from the observation and analysis of one day. Due to 5 workers 
hired, the productivity of  123 bottles/man.hour  and the labor utilization rate of 60.5 3% was determined. The 
processing time, that is, the sum of times of all processes is 20.68 seconds, which results in a line efficiency of 
70.81%. In this way the line is only able to fill 3785 bottles in an 8-hour shift, equivalent to 400 minutes of wor k. 
On the observed day 84 defective bottles were produced, so a quality factor of 97.8% was determined. The 
OEE (Overall Equipment Effectiveness) was also determined resulting in a value of 74.9% with a speed factor of 
83.2% and an availability factor of 92.1%.  

Table2. Data on the current state of the bottling line  

Data collected Value KPI Value 

Number of employees 5 Line Cycle Time 5.84 seconds 

Parts produced  3785 Productivity 
123 
bottles/man.hour  

Total Processing Time 20.69 seconds Line efficiency 70,81% 

Total manpower time 17.68 seconds Labor utilization rate 60,53% 

Opening time  400 minutes OEE 92,1% 

Unplanned downtime  31.6 minutes  Availability factor 83,2% 

Defective produced parts 84  Speed factor 97,8% 

   Quality factor 74,9% 

2.2 Waste identification  
Once the operation of the line was analyzed, a VSM (Value Stream Mapp) was created, with the objective of 
being able to describe the whole process and identify the main problems and some existing types of waste. 
Given the characteristics of the business, the VSM only corresponds to the bottling period.  

Customers go to the farm on average once a day and buy 2 boxes of 12 bottles. Suppliers, who are contacted 
by telephone call by the production manager, go to the farm only once a year and bring all the necessary stock 
(capsules and cork stoppers), except for the bottle supplier, which moves once a week. 

Regarding the processes, 5 types of waste were identified: motion , defect, transport and overproduction.  
Motion w aste was observed in processes 1 and 2, because operators are constantly replacing empty baskets 
with baskets with bottles. Defective waste occurs in all processes: in process 1 and process 2, it occurs when 
the fi lling of the bottles becomes unbalanced and the bottles become a little empty; in case 3, it is verified 
when the bottle explodes at the moment the  cork stopper is put; in process 4, it happens when the bottle 
explodes, because the operator leaves it in the machine too long; in process 5, occurs when the operator drops 
a bottle to the ground and leaves.  The waste with transport is observed in process 5, when the operator moves 
through the cellar to the storage area of the bottles.  Finally, overproduction is wasted when it is produced first 
than necessary. However, this waste is considered as necessary due to the characteristics of the business. 

Additionally, in addition to these wastes, one of the main problems of the line is the accumulation of WIP 
between process 3 and 4, because in process 4, there are actually two operations: putting the capsule and 
putting the bottle in the machine. Thus, the operator, before putting the bottle into the machine, always has 
to check that the bottle already has capsule and, while putting capsules, has to check that no bottle has 
forgotten in the machine, which means that it is a more time -consuming process, which marks the cadence of 
the line. 
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was found that the worker in post 5 had enough waiting periods and to eliminate  this waste, it was considered 
that this worker  should help the worker in post 4 to put capsules. 

Having said that, in process 5, the waste with transport is reduced, since the worker can carry 12 bottles in a 
single movement, and the defective waste is eliminated, since the boxes prevent some bottle from falling to 
the ground. In addition, there is a reduction of WIP between process 3 and 4 and a decrease in the waste 
verified in process 4, since with the help of the worker of process 5, the worker of this  process can be more 
focused on the bottles he puts in the machine. 

In addition to the improvements implemented in the line, the 5S methodology (Hirano, 1995) was also 
implemented , in order to  keep the winery and materials organized and reduce the cleaning time of the space 
whenever an unplanned stop occurs, in view of the occurrence of defects in production.  

In the separation (Seiri), the necessary objects were separated from the unneeded ones. For this, the red tag 
strategy was used with the identification of the object and the reason for it to be discarded. In the red tag area 
defined, the objects must be kept for one month and then the owner of  the farm must make a final decision 
in relation to their usefulness.  

   
Figure 6. Implemented red tag area (left) and Organization of materials (right) 

Then the space was organized (Seitou) so as to be simpler and more intuitive to find the materials, having 
placed some identifying papers. 

Regarding cleaning (Seiso), despite the care of the workers, they usually used baskets to store the garbage and 
therefore the only aspect implemented was the addition of a dustbin.  

For the Seiketsu (Standardize) process, visual management was used with instructions in the various spaces 
and in relation to the last Shitsuke (Keep), the line is responsible for naming a person who on each day of 
bottling, before starting the shift, verify that the 5S rules are being complied with and that the space is properly 
organized. 

4 Futures State  
The new line configuration allowed reducing the cycle time to 4.49 seconds, maintaining the same number of 
employees, which improves the various KPIs analyzed previously. Considering the same time of operation of 
the line (400 minutes), the most significant improvements are the increase in productivity to 160 bottles/man, 
quantity of parts produced for 4981 bottles, reduction of defective parts and the various times of operation of 
the line. The positive impacts are reflected in the availability factor, speed and quality, contributing to an 
increase in the OEE to 77.5%. 

Table 2. Data on the future state of the bottling line  

KPI Value Value 

Cycle time 5.84 seconds 4.49 seconds 

Number of employees 5 5 

Productivity 123 bottles/hour.  160 bottles/hour.  

Processing time 20.69 seconds 17.33 seconds 
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Abstract  

Today, the aging of the population and the prevalence of neuromuscular diseases make it increasingly necessary to develop 
technologies that improve the quality of life of these users and optimize the physical rehabilitation process. The initiative 
"Exoforge: Interdisciplinary teaching laboratory for the development of assistive technology projects" is proposed as a 
complementary training tool for engineers in the field of health technologies to cover these needs from a multidisciplinary 
orientation. From the teaching point of view, this initiative tries to address two essential aspects in the training of future 
engineers who work in the field of assistive technologies: multidisciplinarity, through the incorporation of students from 
different degrees such as robotics engineering, biomedical engineering, or multimedia engineering ; and job orientation 
and entrepreneurship, through the development of projects with the possibility of future transfer to a company and useful 
from a social point of view. This paper also describes the evaluation of the Exoforge initiative. From its creation, Exoforge 
has launched two different project s: ARMIA, a sensorized sleeve for upper limb rehabilitation; and ARES, a lower limb 
robotic exoskeleton. The main objective is to establish whether the initiative provides useful skills and tools to students 
within a complementary educational framework such as internships in laboratories at the University of Alicante or, where 
appropriate, the development of Undergraduate Thesis and Master's Dissertations related to the proposed projects. 

Keywords:  Active Learning; Engineering Education; Project Approaches. 

1 Introduction  
The number of people with congenital and/or acquired disabilities in today's Spanish society represents a large 
number of dependent people who lack the necessary autonomy for a fully independent life. The health 
technology sector is allocating a large part of its funding to provide the highest possible quality of life for these 
disabled people and the elderly. One of the most funded topics is the rehabilitation of the affected patient. 
However, according to the WHO (World Health Organisation), existing rehabilitation services have been 
disrupted in 60-70% of countries due to the Covid-19 pandemic. This disruption, and the need to avoid visits 
and attendance of patients in hospital or rehabilitation centres, reflects the importance of having competitive, 
reliable and accessible rehabilitation, tele-rehabilitation and home -based rehabilitation systems. 

Exoforge is an interdisciplinary teaching laboratory for the development of projects in assistive technologies. 
It is a multidisciplinary laboratory in which students from different degrees develop projects in assistive 
technologies. Exoforge is a proposal that emerged within the Human Robotics research group at the University 
of Alicante during the 2020-21 academic year. Students participate in Exoforge through their internships as 
part of the curriculum of their own university degree. The participating students can come from the Degrees 
in Biomedical Engineering, Robotics Engineering and Multimedia Engineering, as well as from the Master's 
Degree in Automatics and Robotics. The main objectives of the Exoforge intiative are: 

1. To develop a multidisciplinary complementary training experience for students in their final years of 
undergraduate and master's degrees. 

2. To propose bridging experiences between educational sphere, and business and research spheres. 
3. To promote innovation and entrepreneurship among students of the University of Alicante Degrees.  
4. To enhance general skills such as teamwork, decision-making, personal initiative and social values and 

specific skills in different branches of knowledge. 

Students at the Polytechnic School of the University of Alicante always have the possibility to do an internship 
in a company in the syllabus of their degree courses. Within the research groups of the University of Alicante, 
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students are offered the possibilit y to carry out these internships within the framework of current research 
projects. From the Human Robotics research group, we think that the best way to carry out these internships 
is through real projects that could be proposed by any company in the sect or. In order to complete these 
projects, it is necessary to form a group of students, with great potential and who come from different degrees , 
that can collaborate to  complement each other. The result of this proposal is Exoforge, which is similar to a 
company that "hires" the students. Within Exoforge, new projects are proposed every year. In the first year, 
Exoforge launched the ARMIA project. ARMIA is a project that develops a new wearable and wireless 
rehabilitation device based on an upper limb sleeve with inertial and electromyographic sensors. This device 
allows recording the patient's kinematic and muscular information during rehabilitation tasks and introduces 
telerehabilitation, a new paradigm in the process of recovering upper limb motor function . This device has 
significant advantages compared to other devices for motor rehabilitation. It includes low cost, small size, light 
weight, and wireless portability components. In the current academic year (2021-22), the development of 
ARMIA has continued, while a new project has been launched: ARES, a robotic exoskeleton for the lower limb. 

These projects are related to the research lines of the Human Robotics research group. They are projects in 
which the professors of the research group can act as leaders and advisors at the same time. The idea is to take 
advantage of the Project Based Learning (PBL) methodology to enhance students' learning in a real project 
that they will be able to find in any company after graduation.  

PBL is not a new teaching methodology. In (Postman, 1969) a teaching model was proposed in which lectures 
were abandoned and students developed their creative abilities through open questions and problems. These 
ideas were applied for the first time at the Mc Master University (Canada) and at the Case Western Reserve 
University School of Medicine (USA), where the name of problem-based learning methodology appeared for 
the first time.  This method quickly spread through  European Universities in the 1970s. It is in this decade when 
the Danish University of Aalborg developed a new method derived from problem -based learning: project-
based learning (PBL). Currently, the PBL is considered one of the most suitable methods for the new higher 
education models based on active learning (Guo, 2020; Bittencourt, 2018; Guerra, 2017). With this 
methodology, students must assume greater responsibility, and obtain freedom of action. They will go through 
an active learning process that is necessary to solve the projects proposed by the teacher. PBL-based teaching 
is based on the development of a project that sets goals, such as the development of the final product, which 
achievement will require the learning of technical concepts and attitudes. The PBL methodology will only be in 
tune with the objectives of th e European Higher Education Area (EHEA) if the student takes an active role in 
their learning process. 

One of the main advantages of the PBL methodology is that it is developed in a real and experimental 
environment. This characteristic helps students to relate the theoretical contents with the real world, thus 
improving the acquisition of theoretical concepts. At the same time, the student takes an active role in the 
project and sets the pace and depth of their own learning, which makes this methodology pe rfectly applicable 
to groups with disparate base knowledge. The PBL motivates students, therefore, it can be considered as an 
instrument to improve academic performance and persistence in studies. Furthermore, the PBL creates an ideal 
framework to develop various transversal competences such as teamwork, planning, communication, and 
creativity (Lima, Dinis-Carvalho, Flores, & Hattum-Janssen, 2007; Powell & Weenk, 2003). 

Only few works about PBL methodology in internship works are found in the literature. In ( Johari, A., & 
Bradshaw, A. C., 2008) authors considered the roles of task, learner, and mentors as they are needed to make 
the most of project -based internship programs. Implications for the design and development of internship 
programs, and specifically successful student performance in internship programs, were also considered. 
Another paper describes G-DORM (Ueda, Y., et al., 2018). G-DORM is a student exchange project that has 
global PBL in an internship by Niigata University with four universities in Mekong countries. The paper describes 
the achievements of G-DOMR carried out in 2017, in terms of coordination with companies for program 
designing, recruiting and selection of students, and implementation of internship in the student exchange 
program and evaluation. 
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The results of the survey are very encouraging. We will now review the results for each question. In the first 
question, the students unanimously indicate that they have learned something during their time at Exoforge 
(100%). Also, all students (100%) say that they have been able to apply the concepts seen in their degree 
courses during the 150 hours they have spent on the external internships carried out at Exoforge. Once again, 
all the students (100%) who answered the survey indicated that the 150 hours were sufficient to carry out the 
tasks that were planned at the beginning of the internship at Exoforge. With regard to question 4, the students 
also unanimously indicated that the lecturers have given them adequate guidance in the development of the 
proposed project  (100%). Question 5 is the last Yes/No question. The idea behind this question was to obtain 
information on whether the students have seen or detected any ideas for a final degree project to be carried 
out based on the developments made in Exoforge. More than half (54.5%) answered in the affirmative, which 
seems to us a very interesting aspect, as Exoforge can become a seed for the development of small individual 
projects that enhance the experience started in the internships. 

The first block of questions (Q6, Q8, Q9, Q10, Q14, Q18) with 11 possible Likert-type answers deals with the 
opinion of each student's individual work in Exoforge. For each question, students answer a value from 0 to 10 
indicating a little (0) to a lot (10). Figure 3 shows the answers obtained for this first block of Likert-type 
questions. The answers are positive for all the questions in this block. Specifically, when asked whether the 
Exoforge methodology has motivated them, the majority indicate values between 8 and 10 (90.09%), with one 
isolated case indicating 5. All students indicate that the methodology used has helped them to some degree 
to learn to plan the time used for each task (with 100% indicating values between 7 and 10). The same happens 
when questioned about whether the methodology has helped them learn about the importance of prior design 
and analysis before starting to programme or develop tasks (also with 100% in values between 7 and 10, 
although in this case more than half 6/11 voted values of 9 and 10). Encouraging responses were also seen in 
question 10. The students claim to have learned to search for information on their own to solve the various 
tasks assigned in the project (7/11 voted values of 9 and 10). In question 14, the majority of student s say that 
they are satisfied with the work carried out in Exoforge (9/11 voted 10, the other 2 voted 8).  Finally, they were 
asked whether they think that the work done at Exoforge gave them an experience as close as possible to what 
they might find in the  world of work. This is where we found the greatest disparity in the responses, although 
always with positive values (between 5 and 10). 

 

 
Figure 3. Answers for Questions 6, 8, 9, 10, 14 and 18 of the survey. 

The second block of questions (Q7, Q11, Q12, Q13, Q15, Q16 and Q17) with 11 possible Likert-type answers 
deals with group cohesion and group functioning. Figure 4 shows the answers obtained for this second block 
of Likert-type questions. Again, the answers are positive for all the questions in this block. To begin with, in 
question 7, 9 of the 11 students who filled in the survey say that working at Exoforge encouraged teamwork 
(they voted values of 9 and 10). Of particular interest is question 11, where all students indicate that they have 
learned to work in a team because of their experience at Exoforge (all voted 8-10). The same is true for question 
12, with all 11 students voting between 8 and 10, with 7 of the 11 voting 10 on the question of whether they 
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are satisfied with the work that can be done by the group formed in Exoforge. The working atmosphere is 
undoubtedly the most highly valued aspect of the survey, with 9 of the 11 students voting 10, and the other 
two, 8 and 9. The ideas contributed by the other members of the group to solve the problems encountered 
throughout the project are also highly valued (9/11 voted 9 -10). Question 16 asks about companionship, asking 
whether the members of the group help someone who has not understood concepts to understand them (all 
students voted 8-10). Virtually all students indicate that others prefer to work in groups rather than individually 
(only one student voted 4, the rest 8-10). 

4 Conclusion  
The Exoforge initiative has allowed students from the Polytechnic School of the University of Alicante to carry 
out their internships for two academic years in technological projects for the rehabilitation of upper and lower  

 

 

 
Figure 4. Answers for Questions 7, 11, 12, 13, 15, 16, and 17 of the survey. 

limbs. The result of the first course (2020-21) was a success, obtaining a valid prototype of a sensorised sleeve 
that allows obtaining kinematic and electromyographic information during the rehabilitation task. In addition, 
this project, the ARMIA project, won the Impulso 2021 Prize for Accessibility, awarded by the University of 
Alicante. In this second course of the Exoforge initiative, ARMIA continues to develop the initial prototype to 
make it more "wearable", while a serious game for virtual reality is being developed to gamify the rehabilitation 
therapy exercises. In addition, during this academic year, the ARES project has been launched, in which a first 
functional prototype of a low -cost knee exoskeleton has already been obtained. This exoskeleton is controlled 
by free software and has a series of sensors that allow estimating the user's movement intention to improve 
the quality of rehabilitation and/or walking assistance. The survey carried out among the participating students 
shows excellent results. A great group cohesion in teamwork is observed, as well as great satisfaction in 
participating in the projects offered by Exoforge. More than half of the students are even considering 
continuing to develop tasks for Exoforge as part of their own final d egree projects. 
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Abstract  

The aim of this work was an exploratory qualitative investigation of the use of the PBL methodology in two currently 
accredited undergraduate programs at the Faculty of Chemical Engineering of the Autonomous University of Yucatan: 
Industrial Chemical Engineering (IQI) and Industrial Logistics Engineering (IIL). Project Based Learning (PBL) is considered 
today as one of the most effective methods in engineering education, because it allows students to develop competencies 
and skills that are increasingly demanded by organizations to new professionals and trainees. The methodology consisted 
of consulting the programs of the mentioned degrees and courses, in particular the didactic plans elaborated by the 
professors of each subject in order to select those that use project-based learning as an evaluation instrument. An 
exploration instrument was applied to students of the last semesters, with the purpose of knowing if this methodology is 
reaching its objectives and if the student has knowledge of the project -based learning methodology.  The results showed 
that 72% of the curricula of the Industrial Logistics Engineering career apply this methodology (PBL) and 52% in Industrial 
Chemical Engineering. In conclusion, it was observed that a significant number of subjects in the undergraduate courses 
studied use project-based learning as a product for evaluating course performance; however, the PBL methodology is used 
empirically. 

Keywords:  Project Based Learning; Programs; Didactic plans; Accredited; Engineering. 

1 Introduction  
Traditionally, education has been fundamentally centered on teaching, and with it on the teacher as the axis of 
the teaching-learning process. Now, this change entails giving students a greater role, putting all efforts into 
their learning, relieving the role of the teacher to that of guide and orientor. Thus, the more behaviorist and 
cognitivist theories give way to constr uctivist theories, developing meaningful learning in students (Carrasco, 
Donoso, Duarte-Atoche, Hernández & López, 2015; Muñoz & Díaz, 2009; Navarro, Pertegal, Gil, González & 
Jimeno, 2011), in which the knowledge they already possess is integrated with the new knowledge they must 
acquire, making what they have learned last over time. It is not so important what the student knows at a given 
moment, but what he/she may come to know, which is closely related to his/her learning capacity (Estruch and 
Silva, 2006). More important than learning content is learning to learn, fostering continuous learning (Reverte, 
Gallego, Molina and Satorre, 2006; Taboada, Touriño and Doallo, 2010). Learning can be seen as a cumulative, 
self-regulated, directed, collaborative and individual process (Van den Bergh et al., 2006).   
Project-based learning (PBL) appears to be an effective teaching method compared to traditional cognitive 
teaching strategies, particularly for the development of real -life problem -solving skills (Willard & Duffrin, 
2003).   
Project-based learning is a methodology that is developed in a collaborative manner that confronts students 
with situations that lead them to put forward proposals to address certain problems. By project we understand 
the set of activities articulated with  each other, in order to generate products, services or understandings 
capable of solving problems or satisfying needs and concerns, considering the resources and time allocated. 
Authors and researchers who propose competency-based models in education consider that the project is an 
integrative strategy par excellence, and that it is the most appropriate to mobilize knowledge in situation (Díaz 
Barriga 2015; Jonnaert et. al. 2006). In this way, students can plan, implement and evaluate activities with 
purposes that have real-world application beyond the classroom.  
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The first point was to determine the total percentage of the use of this methodology at a global level, that is 
to say, considering all the subjects taught in the five degree courses. It was found that 53% of the subjects 
contemplate the implementation of PBL within their descrip tive charts, according to the figure below:  

 
Figure 2. Overall percentage of subjects that reported using PBL as a learning technique.. 

 

Subsequently, of the total number of subjects that apply the PBL, the total percentage that corresponds to 
each degree program was explored, that is, out of a total of 123 subjects that apply this methodology to 
evaluate, the Industrial Logistics Engineering (IIL) degree program has 28%, resulting in the fact that, 
comparing all the degree programs, this is the one that applies this methodology the most, and Industrial 
Chemical Engineering (IQI), 21%, placing it in third place. This distribution is shown in the following figure: 

 
Figure 3. Percentage of subjects that have reported using PBL as a learning technique, in each of the degree programs 
offered.. 

 

Taking these results into account, we proceeded to explore the undergraduate programs being evaluated, 
which are currently accredited by the faculty. Beginning with the analysis of the Industrial Logistics 
Engineering degree, the figure below shows the total percentage of use of this methodology by subject. This 
analysis shows that 72% of the subjects in its curriculum implement Project Based Learning. That is to say, 34 
subjects state in their descriptive letters and didactic plans that they evaluate student learning through this 
study method, of the 47 that make up the curriculum. 
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Figure 4. Percentage of subjects that have reported using PBL as a learning technique in the Industrial Logistics Engineering 
plan. 

 
In order to have a clearer idea of the distribution throughout the proposed training, the following graph 
shows the number of subjects that make use of it by semesters of the bachelor's degree under study. 

 
Figure 5. Percentage of subjects that have reported using PBL as a learning technique in the Industrial Logistics 
Engineering plan, by semester. 

 

Continuing with the analysis, we move on to the Industrial Chemical Engineering degree. In the figure below 
we can see that 52% of the subjects in its curriculum state that they implement this Project Based Learning 
methodology as an evaluation method. That is to say, out of its 50 mandatory subjects, 24 declare that they 
use this methodology. 
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Figure 6. Percentage of subjects that have reported using PBL as a learning technique in the Industrial Chemical 
Engineering plan. 

 

In order to have a clearer picture of the distribution, the figure below shows the number of subjects that 
make use of the methodology (PBL) per semester, in the case of Industrial Chemical Engineering. It can be 
seen that the semester in which this evaluation method is most used is the eighth semester. 

 
Figure 7. Percentage of subjects that have reported using PBL as a learning technique in the Industrial Chemical Engineering 
plan, by semester.. 

 

Once the results of the exploration of the descriptive letters and the didactic plans were obtained, the 
evaluation instruments were applied in order to measure their effectiveness and the impact they are having.. 

4.2 Analysis of student perceptions  
Figure 3 shows the percentage of knowledge that students have in the use of this methodology. In the case of 
the students of the Logistics Industrial Engineering program (IIL), 58.9% know the PBL methodology, as well as 
53.4% of the Chemical Engineering students (IQI). 
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Figure 8. Results of question 1 regarding knowledge of the methodology for IQI and IIL  respectively. 

 

The subjects that apply the PBL technique. For the Industrial Logistics Engineering (IIL) degree, Methods 
Engineering, Project Formulation and Evaluation and Supply stand out. For Industrial Chemical Engineering 
(IQI), none of the subjects presents a response that exceeds 50% as shown in the next figure. 

  
IIL      IQI 

Figure 9. Asignaturas que en sus planeaciones contemplan la técnica ABP y que los alumnos reportan haberla utilizado. IIL 
en azul e IQI en dorado. 

 

According to the results presented in the next figure, more than 75%, in both careers, are convinced that 
teamwork motivates them to learn  

 
IQI        IIL 

Figure 10. Perception of students in relation to intrinsic motivation for teamwork . 

 

The presence of the teacher with the students is necessary when using this technique. The accompaniment of 
the teacher provides certainty that translates into better achievement results. That was expressed by students 
from both programs.  
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IQI       IIL 

Figure 11. Presence of teachers during the development of the project. 

 

In the case of the challenges presented by the PBL technique (next figure) for the students of the Industrial 
Chemical Engineering program, the predominant factor is access to the company (53.6%) similar to the 
appreciation of the students of Logistics Industrial Engineering (58.9 %). On the other hand, for Chemical 
Engineers, the second factor that represents a challenge is communication skills (26.8%), which are the third 
factor for students of Logistics Industrial Engineering (11%) and vice versa, the third for IQI is the time factor 
(12.5%) which for IILs is the second element (24.7%). 

 
IQI       IIL 

 

Figure 12. Challenges to overcome in the elaboration of the Project 

 

In relation to the skills developed during the dev elopment of the project , although they have different views, 
it is interesting to  observe that they recognize the development of different skills  as shown in the next figure. 

 
IQI       IIL 

Figure 13. Competences developed during the use of PBL as a learning method. 

 

An important percentage (80.4%) of the IIL recognize that the development of projects as a learning technique 
is relevant for their professional future, while only half of the IQI students recognize this relationship.  

 





   

95 

The use of games in the teaching of Production Engineering: a 
list based on publications in Scopus  
 

Bruna Andrade Machado1, Bárbara Yumi Hotta¹, Gabriel Lino Garcia², Fernando Bernardi de Souza¹, José de Souza 
Rodrigues¹ 
 
¹ Production Engineering Department, Faculty of Engineering, UNESP, Bauru, São Paulo, Brazil 
² Computer Science Department, Faculty of Science, UNESP, Bauru, São Paulo 

Email: bruna.a.machado@unesp.br, barbara.hotta@hotmail.com, gabriel.lino@unesp.br, fbernardi@unesp.br, jsrod@feb.unesp.br  

DOI: https://doi.org/10.5281/zenodo.6924491  

Abstract  

The use of games in the teaching of production engineering is on the rise since it allows the presentation of knowledge 
and its absorption in a more relaxed way, it helps the development of essential skills for a good professional as well. As a 
way of identifying educational games developed, used and/or published in production engineering courses, a qualitative 
research was carried out on the Scopus database. The research returned 40 publications, of which 11 could not be accessed 
and only 18 had games related to the course in question. As a result, 44 games were compiled, which were listed in order 
to facilitate their knowledge by teachers in the area, stimulating their application and the modernization of teaching.  

Keywords: Educational Games; Production Engineering; Game-based Learning; Game List. 

1 Introduction  
The advancement of technologies, the dynamics of the modern world, the sharing of information in real time, 
the adaptation needs, among other issues, caused the students' profile to be significantly changed (RUBEUS, 
2021). 

In this way, the traditional teaching-learning strategies are no longer sufficient for this profile that seeks more 
condensed and faster information. Evidence of this fact is that much has been studied and developed in relation 
to active method ologies. 

The active learning methodology is any educational approach in which students actively participate in the 
learning process, becoming the centrepiece of the process and the main responsible for their learning (Lázaro 
et al., 2018). They encourage debates and practice, as well as the review of knowledge through explanations 
with other students. Some of the main active methodologies are: Project-Based Learning, Problem-Based 
Learning, Gamification, Game-Based Learning (GBL). 

With the world increasingl y dynamic, the GBL has proved to be a good teaching tool, since it uses games to 
generate greater engagement, motivate action, promote learning or solve problems in a creative way, in the 
case of an excellent way to help students lose resistance in the face of complex topics (Sales et al., 2017). 

It turns out that the application of games implies the need for development or knowledge of the existence of 
the game on the part of the teacher as well as in its study. Although the absence of games was a problem a 
few years ago, today there are already several games that can be applied in teaching different subjects and 
courses. However, finding a game suited to a specific subject, discipline or competence is often hard work that 
inhibits the adoption of the GBL (Bonetti, 2014). 

In order to facilitate and encourage the use of games in the teaching of Production Engineering, this research 
presents a list of games found in national and international publications.  

2 Methods  
This bibliographic research was carried out by searching the titles of Scopus publications, using the following 
keywords: game AND engineer* AND (product* OR manufact* OR industrial). The search resulted in 40 
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de Souza (2021), since the authors carried out a bibliographic mapping, without it being possible to identify 
any game. 

Contrary to Rosado and de Souza (2018) are the works of Despeisse (2018), Igidio et al. (2017), Ishihara, Netto 
and Neumann (2021) and Kerga et al. (2014) which present game relationships with different approaches. 
Despeisse (2018) analyses 6 (six) games and relates them to the cognitive development domains of Bloom's 
Taxonomy. Igidio et al. (2017) succinctly present 8 (eight) business games and an applied study of the 
Management of Production 1 (GP-1), Ishihara, Netto and Neumann (2021) present 16 business games from 
the analysis of their manuals, bringing information internals of the games and Kerga et al. (2014) cites three 
games related to product development and analyses and presents the results of applying another game in the 
area. The games that were only mentioned by these authors are listed in this research, although they have little 
general information.  

The scarcity of information caused the work of Scholl, Gube and Koppatz (2021) to be disregarded, since the 
authors report the development of two physical games (Social Engineering Theater and Risk Roulette) that 
could not be properly tested due to the Covid -19 pandemic.  

5 Conclusion  
This research aimed to present a list of games that can be used in Production Engineering teaching, making 
the teaching-learning process more motivating and effective. As a result, 44 games were found and listed. 

There was a lack of standardization in the obtained data. which makes it difficult to properly and quickly 
evaluate and access the games. The absence of information on locations and access methods also prevents 
verifying whether the games are really active. This lack of information implies the need to seek new materials 
so that there is better detail and more direct guidance to rea ders who are interested in making use of games 
in their classes. 

This research emerged as part of a larger research which aims to establish a methodology for identifying and 
making available information of games that facilitate their discovery and applicat ion by teachers and other 
interested parties. In general, the lack of standardized information that describes games as a learning object is 
something that has been studied, with researches related to the adoption of metadata standards, such as the 
Learning Object Metadata (from the IEEE) and the Dublin Core (DC). This adoption becomes necessary so that 
works like this can be more meaningful, bringing more relevant and updatable information.  

As future research, a deeper analysis of the identified games is suggested in order to update the information 
and present only games that are active and accessible (free of charge or for a fee) to the public, since it is 
believed that a good part of the games listed here are not available or are already obsolete, as in the case of 
The Product Line Planning Game (Carbon et al. 2008) which either must have undergone an update, or has 
already left the market, since it used floppy disks. 
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Abstract 

Traditional and theoretical classes are usually tiring and their contents are poorly absorbed. One way to apply and fix the 
contents in a more attractive and motivating way is through the use of active methodologies, whose use has been encouraged 
by the new curricular guidelines of engineering courses in Brazil. Game- based learning (GBL) is one of such approach. Although 
many games are already used in classroom environments, e.g. Beer Game, Lean Board Game and Goldratt Simulator, there is 
still a lack of studies on the effectiveness of its application. In 2020, a study about the use of games in Production Engineering 
courses was initiated, which resulted in the development  of questionnaires and the suggestion of a methodology for evaluating 
the effectiveness of the use of GBL. In order to identify the effectiveness of the use of Goldratt Simulator, as a game, in the 
learning process this evaluation methodology was applied during an experiment carried out in the discipline of Production 
Management IV, in which two groups were defined (control and experimental). After the classes and the application of the 
questionnaires, it became evident: greater engagement and confidence by the experimental group and greater fixation of 
concepts by the control group. Furthermore, the evaluative tools proved to be adequate to give feedback to the teacher, 
presenting themselves as an important diagnostic tool. 

Keywords: Learning evaluation methodology; GBL; Educational games; Production engineering. 

1 Introduction  
Changes in student profiles, who think that theoretical and traditional classes are usually tiring and 
demotivating, have led to new teaching methodologies being developed and applied (Rubeus, 2021). 

The use of such methodologies has even been encouraged by teaching guidelines, which suggest that active 
methodologi es (in which students become protagonists in the learning process) are constantly used (MEC, 
2019). 

One of the methodologies that promises to stimulate student development is Game Based Learning (GBL), 
which uses analogue or digital games in classrooms (Karagioras & Niemann, 2017). The methodology is mainly 
used to generate greater engagement, motivate action, promote learning and solve problems in a creative way 
(Lester, 2014). It is an excellent way to help students lose resistance in the face of complex topics (Sales et al., 
2017). 

There are several studies that present the creation of game-based learning environments for a wide range of 
curricula (Warren et al., 2008; Kebritchi & Hirumi, 2010). In the university where this project has been developed, 
some analogue games are already used, such as Beer Game and Lean Board Game, and virtual simulators, such 
as Goldratt Simulator, to support the Production Management disciplines of the Production Engineering 
course. It so happens that, so far, in the course in question, this methodology has been applied without carrying 
out a scientific evaluation of the benefits of its use. 

According to Lester (2014), research on game-based learning has matured and today there are empirical 
studies that qualitatively demonstr ate students' learning gains when interacting with educational games in a 
variety of subjects, however, these studies often make use of non-standard instruments. Furthermore, 
quantitative research is more difficult to identify.  

In 2021 a research developed by the authors resulted in the elaboration of a set of tools (questionnaire to 
characterise the participants and three instruments evaluation) that allow to analyse the perception of students 
and the level of learning obtained by the use of games in the l earning process (Machado et al., 2021). During 
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Source: Machado et al (2021) 

3.3 Post-test  
After conducting the experiment, the following questionnaire must be applied to students in both groups. For 
a coherent evaluation it is fundamental that the questions are neutral, that is, they are not directly related to 
the game. We understand that the ideal would be the realisation of conceptual questions that could be 
analysed in a practical way, for example by a TRUE or FALSE model. 

 

Mark the sentences below with TRUE or FALSE: 
1. The Theory of Constraints (TOC) argues that companies have many constraints that make it difficult to reach their goal 
2. The Theory of Constraints (TOC) states that local optima result in global optima 
3. Capacity constrained resources (RRC) are resources that, if poorly managed, can become bottlenecks 
4. Bottlenecks impede demands from being fully met 
5. Bottlenecks and RRCs are synonymous 
6. The buffer is the stock of materials in process that must be present throughout the entire production line  
7. The Rope is the sequencing of material release to the factory based on the discounted Lung Drum 
8. The production schedule of the Bottleneck is the Drum and it is from there that the rest of the factory must be 
subordinated 
9. An hour lost on a non-bottleneck resource is an hour lost on the entire system 
10. An hour saved on a non-bottleneck resource is an hour gained system-wide 
11. In the classic Drum-Lung-Rope method, in-process buffers are dimensioned and controlled in the form of time  
12. Non-bottleneck resources should adjust their production speeds to the Drum  

Figure 3. The post-test with specific questions about Theory of Constraints 

Source: Adapted from Machado et al (2021) 

 

3.4 Self-assessment questionnaire  
As a last tool, a self-assessment is suggested. In this, students will have the chance to review the contents 
worked and analyse their own level of understanding. 

 

Analyse your level of understanding by checking 1 (I didn't understand) to 5 (I fully understood).  
1. The Theory of Constraints (TOC) argues that companies have very FEW constraints that limit the achievement of the 
goal 
2. The Theory of Constraints (TOC) states that local optima DO NOT result in global optima 
3. Capacity constrained resources (RRC) are resources that, if poorly managed, can become bottlenecks 
4. Bottlenecks impede demands from being fully met 
5. Bottlenecks and RRCs are NOT synonymous 
6. Time buffers are reflected in physical inventories located at strategic points to protect system constraints 
7. The Rope is the sequencing of material release to the factory based on the Drum discounted the Buffer 
8. The production schedule of the Bottleneck is the Drum and it is from there that the rest of the factory must be 
subordinated 
9. An hour lost on a NON-bottleneck resource is NOT a system-wide lost hour, but an hour lost on the bottleneck 
resource is a system-wide lost hour  
10. An hour saved on a NON-bottleneck resource is NOT an hour gained system-wide. 
11. In the classic Drum-Buffer-Rope method, in-process buffers are dimensioned and controlled in the form of time  
12. Non-bottleneck resources must NOT adjust their production speeds to the Drum. They must operate according to 
roadrunner logic  

Figure 4. The self-assessment with specific affirmatives about Theory of Constraints 

Source: Adapted from Machado et al (2021) 
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4.3 Post-test  
For the second instrument, the learning assessment, made up of 12 True/False questions, a different result was 
obtained than expected. The control group had a higher average of correct answers than the experimental 
group, as shown in Table 6. This can be explained by reasons such as incorrect division of groups, greater ease 
on the part of students who belonged to the control group or lack of attention to answer the questionnaire. A 
new application, with a larger sample of people, may indicate a different average, since the sample was 
composed of the most engaged students in the class. 

Another factor that may have been a complicating factor for the learning of the experimental group is that the 
interest in simulating the act ivity and the fact that the students were in environments different from the teacher 
(since the classes were held remotely due to the pandemic) prevented the better control of the teacher and 
allowed the students to simulate while the teacher performed the  explanations, which are of paramount 
importance for obtaining the concepts presented.  

Table 6: Average of correct answers in the learning evaluation form by group 

Group Average 

Control Group 9.25 

Experimental Group 8.00 

Source: authors (2021) 

A feedback was received on this form: 

I found the insights obtained by using the game helped me a lot to understand. Anyway, I think the 4 
hours were a bit exhausting and may have hampered learning. 

This report brings a reflection: even though the use of the game makes the class "lighter", as observed by the 
first evaluation instrument, time is still a critical point.  

It is also worth mentioning that questions 1, 6 and 12 were the ones with the highest frequency of errors, with 
only 4, 4 and 2 correct answers respectively. 

 

4.4 Self-assessment questionnaire  
The self-assessment added to the results of the learning assessment (post-test) serves as a parameter for the 
teacher to identify the points of difficulty for students to understand. Thus, following the Likert scale pattern 1 
(I did not understand at all) to 5 (I fully understood), the following averages were obtained for the established 
statements (Table 7). 

Table 7: Average of self-assessment questions per group. 

Group Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total 

Control Group 3.75 3.5 4.75 4 4,.5 5 4.5 3.75 5 4.75 5 3.75 4.35 

Experimental Group 3.6 4.8 4.6 4.8 4.2 4 4.6 4.8 4.4 4.2 4.4 4 4.37 

Source: authors (2021). 

In general, a high level of confidence and security in the answers by all students can be observed. An interesting 
detail is that the lowest averages of the experimental group are really related to the questions whose students 
had greater assimilation difficulties (1, 6 and 12), according to the number of errors in the learning assessment. 

5 Conclusion  
Following the idea defended by McGonigall (2011 apud Moores, 2016) that participation in games should be 
voluntary, participation in the experiment was optional, which implied a low adherence of students. The 





https://mauabr-my.sharepoint.com/personal/omattasoglio_maua_br/Documents/Documentos/2022_2005_IC_ORIENTAÇÃO/2021_Matheus_Ferreira_Palu_Monitor_Projeto/matheusfpalu24@gmail.com
mailto:omattasoglio@uol.com.br
mailto:eduardonadaleto@maua.br
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Figure 1 - Tripod of innovation at IMT (Souza Jr, 2019b) 

 

The Figure 1 is about the union between these three courses, so that what is learned in one area can be used 
in the other two, for example, the business administration area that makes the products more viable for the 
consumption of a target audience (Viability), the design that can make this product aesthetically beautiful and 
function al (Desirability), and engineering that deals with the components and operation of the product 
(Feasibility). In general terms, the idea is to distribute these three great concepts so that, for example, an 
engineer also knows something related to design. 

This structuring of the course with the introduction of PAEs provides an opportunity for interaction with current 
professionals working in the labor market, further increasing the richness of these experiences. It is worth 
pointing out that any professional  from the Brazilian or foreign market can propose a PAEs, which, if there are 
students interested, can be offered and incorporated into the student's curriculum.  

Based on the importance of these projects and on the needs and opportunities for the student's  education, 
the projects can contribute to, by developing the desired competencies, generating an enrichment of the 
education, always based on the DCNs of the courses that guide the curricular planning of a discipline. 

2.2 Data collection and analysis  
The research developed had a few phases: 

1st Step: 

In this step, the focus was on the competences stated in the National Curriculum Guidelines for the three 
degree programs, Engineering, Business and Design. The method used in this work was document analysis in 
order to identify the competences that are intended to be developed in these degree programs. The 
competences of the three programs were compared in order to find similarities and differences between them. 
This comparison led to a single list that would cover all three degrees simultaneously. 

2nd Step: 

With the list of common competences, a survey instrument was designed, more precisely a questionnaire with 
the aim of identifying which competences would be declared in the projects offered in the PAEs in the first 
semester of 2022. This questionnaire was built and validated and structured in Google Forms, in order to 
facilitate data collection for the research that was to be developed. 

3rd Step: 

This step consisted of registering the projects that would be offered to students in the first semester of 2022. 
Each teacher or external professional who intended to offer a workshop or project as an PAE would have to fill 
out a form in Google forms, in which they would indicate what competencies they would develop for the 
students. The teachers need to detail some characteristics of the project for the registration of the activity, we 
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IV - Proactivity - Initiative 
V - Create / Innovate 
VI - Organization / Planning 
VII - Interpersonal relationship 
VIII - Ability to deal with the unforeseen / Working in uncertain 
environments 
IX - Ability to solve problems  
X - Take decisions 

 

It can be seen that among the transversal competences analysed, those that stood out most were those related 
to problem -solving competences, which shows that the projects always have a "hands-on" idea, in other words, 
being able to solve real-world problem s. Next is the competence to create and innovate, which was also 
expected to receive a high number of responses, since most projects have the idea of creating a professional 
with new and effective resolutions. In general, it is possible to see that all competencies were met to some 
extent, most of the questionnaires had 3 competencies, and in this question it was not even required to select 
an item. With this data, we can see that this list of transversal competencies was satisfied. 

 

Figure 5 - Technical competences analyzed 

 

 

Label: 

I - To formulate and design desirable and innovative solutions in your area. 
II - To analyze and understand the phenomena, events and models in your area based on the sciences that 
underlie it. 
III - Creatively conceive, design and analyze systems, products (goods and services), components or 
processes, technically and economically viable. 
IV - Implement, oversee and control solutions in your area. 
V - Communicate effectively in written, oral and graphic forms, including communication in LIBRAS. 
VI - Working and leading multidisciplinary teams.  
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VII - Know and ethically apply the legislation and normative acts within the scope of the exercise of the 
profession. 
VIII - Learn autonomously and deal with new and/or complex situations and contexts. 
IX - Understand the potential of technologies and apply them in solving problems and taking advantag e of 
opportunities.  
X - Get to know the productive sector of your specialization, revealing a solid sectorial view, related to the 
market, materials, production processes and technologies. 

 

In relation to these technical competences analyzed, was tried to see, as compactly as possible, the integration 
of Engineering, Business and Design. The answers allows to see that all of them are fulfilled. One can see that 
some were highlighted, especially those related to the formulation and conception of des irable solutions (I) 
and design and analyze solutions technically and economically viable (III), that is, once again, the issue of the 
"creative mind". 

The Figure 5 also shows what was expected about the projects having "technical" competences to be 
developed. An important detail is that even the least explored competences are still a high number in relation 
to the total: practically 8.3% of the projects have the objective of knowing and ethically applying legislation 
and normative acts within the scope of professional practice (VII). 

In a practical way, for example competence VII, which was the least answered, if from these 15 answers about 
20 classes are opened, since the same activity can have more than one timetable depending on student 
demand, at least 350 students will be reached if these classes are opened, since the activities have about 20 
students per class, that is a small demonstration that this "15" is still a very large number and that it can reach 
a considerable number of students. 

Table 1 - PAEs Category 

Category Name Number of answers 
Industrial Management 1 
Mockups and modeling  1 
Citizenship 2 
Exact sciences 3 
Energy 3 
Expression & Imaging 3 
Hardware & Embedded Systems 3 
Games 3 
Robotics & Automation  3 
Materials 4 
Simulation and computational optimization  4 
Cities and urban solutions 5 
Data Science 5 
Academic competitions 5 
Finance 6 
Careers 8 
Environment and Sustainability 8 
Applied sciences 9 
Management skills 10 
Entrepreneurship 12 
Product research and development 12 
Engineering solutions 12 
Industrial projects and processes 16 
Development of socioemotional skills  17 
Software training 26 



https://www.unaerp.br/documentos/1468-166-462-1-sm/file
https://www.youtube.com/watch?v=yRUndB0g1gs


mailto:pau.bofill@upc.edu
mailto:montserrat.farreras@upc.edu
mailto:jesus.armengol@upc.edu
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effect, the programming problems embedded in the game should be sufficiently challenging and attractive by 
themselves. In our course, the problems include a Morse decoder, a drawing with turtle graphics, an 
hexadecimal to decimal converter and a fractional number calculator.  

Information on the Python language (learning phase 2) is provided with a syllabus and a series of course notes 
and examples that accompany  each of the programming challenges. Besides, in order to motivate students to 
study these notes, game-related hints are hidden within the notes. Therefore, students need to read the notes 
in order to be able to proceed with the game.  

Understanding of the language syntax and structures (learning phase 3) should be straightforward for students 
who already know other languages, so the challenge lies in the application of these language structures to the 
problems that need to be solved (learning phase 4).  

Computer programming is a subject that is easy to validate (learning phase 5). A computer program either 
solves the proposed problem or it does not. In this sense, feed-back is self provided and immediate (if the 
problem is not too large), and different alternatives can be tested on the spot. Furthermore, the game takes 
place in the classroom and the role of the teacher is to provide help in developing the computer problems 
(and, eventually, to provide hints for the game when students get stuck).  

Finally, playing games in teams is both more fun and more productive. In our course students are organised in 
teams of two or three people, and care is taken that each student is involved with the computer programs.  

The escape room is designed for 10h of work, altogether. In the remaining 10h the students must invent, design 
and implement a small programming project with the help of the teacher (Lima et al, 2017). 

4 The bridge over the river Splash, an escape -room  

 
 

Paris 1901, The game starts at the telegraph office of the railway station. Suddenly an alarm goes off and the 
telegraph machine spits this text:  

... ---  ...  

- ... . - . .. - .. -- . .   - ... . - . ---  - . -  . - .  

... -  ---  . -- .    -  . - . . -  .. - .  

... ---  ...  



   

122 

 

The players must understand that this is a Morse encoded message, and they must build a computer program 
to decode it. Course notes are provided with all the Python structures required to write the program, and mixed 
within the notes, there is a table with  the Morse code.  

Once they finish the program, the decoded text should be the following:  

SOS 

BRIDGE BROKEN 

STOP TRAIN 

SOS 
 

The password to the next screen is the christian name of the inventor of the code. 

The players then rush towards the train, which is already leaving the station, but the train platform is too high 
to jump on it. They manage to figure out that they need a ladder, and they have to write a computer program 
that uses turtle graphics to draw the picture of a ladder (which they show to the game assistants). The following 
is one such drawing of a ladder: 

  

 

 

 

 
 

 Now, they use the ladder to climb onto the train platform but the door is locked. There is a sign that reads:  

 0x2F3A 

  

The players have to realize that this is a number in hexadecimal format, and they must translate it into decimal 
notation. To do so, of course, they have to build a computer program that translates any hexadecimal number 
into a decimal base (the course notes include enough hints to solve the problem). Once they find the answer 
they introduce it into the lock and they are able to enter the train.  

But, elas! Once on the train, the brake gear  is quite complicated. There is an instruction panel that says: 

  Good job! But there is one last problem to solve. The brake works with a gear shift that requires 
a precise combination of wheels. The right combination is the simplified fraction resulting from the 
following expression: 

(8/21 + 3/14) * 3/5  
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Therefore, again, they need to build a computer program that can operate with fractional numbers.  

Once they find the solution, they enter it and the train stops.  

 

 
 

Figure 1. The escape room has been solved with success!!! 

 

In the last window of the game (figure 1), a teacher-based solution of the programs is provided, so that they 
can compare them with their own.  

5 The Python seminar. Running and assessment of the escape room  
The Python seminar will take place by the end of June (just before the PAEE/ALE conference) at the Telecos-
UPC school of Telecommunication Engineering. Twenty students will attend it. Without much explanation, the 
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We present this evaluation method  as a Game-based learning (GBL) activity: an escape room. The student can 
only escape the room if one exercise of each topic is solved correctly. By introducing  Game-based evaluation 
(GBE) into  our subject we aim to achieve to following:  

�” Rescue the joy  of  learning . Learning for the sake of learning is actually a very enjoyable and fulfilling  
activity. Joy and fulfillment  are undermined by the pressure the traditional  evaluation system puts on 
the students (Bofill, P. 2005). Learning should not be seen as a sacrifice but  as a privilege. 

�” Enhance learning . Students will gain deeper knowledge as they engage in the activities with the 
purpose of solving them correctly, meeting the specifications of each problem. They will work on each 
problem until  they complete it. As opposed to doing  what they can and hopping  the mark is over the 
pass line. 

�” Engage students . By engaging them on the challenges of the game, students will practice more and 
practice makes better. 

�” Allow  mistakes . Enough exercises are provided so that they can have as many attempts as they need, 
allowing them to make mistakes without  affecting their mark. Students can learn at their own pace, 
accommodating a diversity of learners. 

Overall, this paper makes the following  contributions:  

�” We present our design  and implementation  of  a escape room  for First Year students of Computer 
Structure I course in the Degree in Informatics Engineering curriculum. There are 50 students per 
course divided into  3 groups for the practice sessions. 

�” We present a novel form of evaluation  in  the  form  of  a game GBE that is stress free, for students 
and professors, accommodates diversity of learners, engages students and enhances learning. 

�” We present our expectations and our plans and methodology  to evaluate  the  activity  (the escape 
room). The activity is taking place at the time this paper is being written  so we have not had the chance 
to evaluate the outcomes yet. If the paper is accepted we plan to present the results at the conference. 

The rest of the paper is organized as follows: Section 2 presents the design of the escape room game; section 
3 discusses the evaluation aspect of the game; section 4 shows it implementation;  section 5 evaluates the 
outcome of the activity; and concluding remarks are written  in section 5. 

2 Theoretical framework  
Recent research has applied gamification  to many educational contexts, including  Computer Science courses 
(Call, 2021)(Lopez-Fernandez 2021). However not all gamification  strategies are equally fruitful.  As in (Dave 
Eng, 2019), we make the distinction  between gamification  and Game-based learning (GBL). As opposed to 
gamification  GBL does not encourage competition,  which is not an intrinsic source of motivation.  In GBL the 
students get involved in studying and solving subject matter problems to get the required hints to continue 
the game. In this sense, game-based learning is an instance of problem-based learning as it complies with the 
characteristics of PBL (Graaff, E. 2003).  

PBL has long been proven to be an efective way to engage students and enhance learning (Yunita 2021) 
(Chevalier 2021) (Lima 2017). 

According to (Bofill, 2007) learning takes place in five stages. Namely: motivation,  information  retrieval, 
understanding, application (or practice) and feed-back. We have chosen a escape room over other gamification  
activities because in a escape room (and in general in GBL) a challenge is set for the students (in the form of a 
game) and they have to learn the contents of the subject and apply them in order to solve the riddles to 
progress through  the game and escape the room. In this way, GBL reinforces the autonomous realization of 
each of the learning stages.  

Concerning assessment, we aim to achieve the conditions defined by (Gibbs G., Simpson C. (2005)) under which 
assessement supports learning. They can be summarized as: Providing the right  activities and timely formative 
assessment which is used by the students and does not  affect the grading. The escape room is a good  
framework as feedback is provided immediately at every attempt and there is always another chance. It also 
enables us to grade according to the system explained above. 







https://docs.moodle.org/400/en/Question_types
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Figure 3(a) shows the password page that locks each lab session (the key to open the coach door), which at 
the same time, allowed us to synchronize with the timeline of the course using a single genially. Figure 3(b) 
shows the final page after challenge 1 is completed on couch 2. In this page we give a small riddle which allows 
us to synchronize with the moodle platform.  

 

Figure 4 shows what happens if things go wrong. Figure 4(a) shows a train accident, the train falling down on 
the broken bridge, and 4(b) shows a bomb explosion when failing to disconnect the alarm. The good  news is 
that this is a game and the student can always go back and have another chance. 

 

6 Outcomes and evaluation  
At the time the paper is being written  we are halfway through  the term and the students are carrying on the 
activity. At this point  all we can say is that they seem to be enjoying themselves with the game and fully 

 
Figure 2. Image of the two types of question we used in genially (a) single choice; (b) short answer 

 
Figure 3. Image of (a) password that locks the door of coach 2 on the left; (b) Final pages after succeeding to 
disconnect the alarm. 

 
Figure 4. Image of (a) a falling down train, when a question is answered incorrectly; and (b) the bomb explosion if the 
timer expires.  
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From the consensus on the importance of using Active Learning techniques, there are different levels of 
maturity in this subject. At one extreme, it is possible to observe isolated actions of teachers who experience a 
change in a course. At the other extreme, there are programs designed as project-based, with materials and 
assessment methods aligned, in addition to adequate infrastructure for classes in formats different from the 
traditional model, in which students attend the class in rows watching a lecturer in front of the classroom. 

Considering the growing popularity of these techniques, Arruda & Silva (2021) introduce the Engineering 
Education Active Learning Maturity Model (E2ALM2), a framework that allows practitioners to assess the current 
maturity level of Active Learning implementation in a course. This framework can support diagnosis and 
practical improvements in real settings. 

3.1 E2ALM 2 method  
The Engineering Education Active Learning Maturity Model (E2ALM2) (Arruda & Silva (2021) was built from a 
literature review of key success factors (KSF) for Active Learning implementations, which were divided into five 
dimensions: content quality, organizational environment, organizational infrastructure, lecturer and 
interactions. These five dimensions are subdivided in fourteen KSF. Each KSF is composed of one or more 
constructs, adding up to 41 constructs in total. Each construct is detailed in variables, totaling 89 of them.  

At the lowest level, each variable has a grade. To apply the model to real cases, two questionnaires are used: 
Student Questionnaire (SQ) and Lecturer Questionnaire (LQ). Figure 1 shows the E2ALM2 structure and those 
questionnaires. 

 
Figure 1 - E2ALM2 structure and questionnaires 

Each question in the questionnaires is linked to a variable, and based on the result obtained in this question, a 
value is assigned (Question value). Figure 2 shows the condition to calculate this value. From the Question 
Value of all questions, the score for the linked variable is calculated. The construct score is the average of the 
variables that compose it. The KSF score is the average of the constructs that compose it. Due to its nature, 
there are variables that are present in both questionnaires and others that are present in only one of them.  

 
Figure 2 - Question value condition 





















https://personals.ac.upc.edu/miguel/materiales/docencia/articulos/Gamificacion.pdf
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Abstract  

Computer Graphics is a course commonly found on Computer Science and Computer Engineering undergraduate 
programs. There are some convenient points on teaching computer graphics in these programs: Computer-Generated 
Imagery in movies and videogames are relevant examples of applied engineering and science that students experience in 
their lives, and this can be a potential motivation factor for students to get engaged on learning; further more, Computer 
Graphics relies on several fundamental and complex mathematical concepts, that can also be applied in other science areas, 
being an opportune moment to cover and practice mathematical learning goals, all connected with a base on computer 
science. Learning Computer Graphics depends on developing and integrating skills on computer science and mathematics, 
therefore, a learning plan must cover both topics. However, it must be considered that students need to relate these topics, 
and this is the trick, since ideally professors need the knowledge and pedagogy in both areas. The strategy presented in 
this document was based on two professors, one mathematician and one computer engineering, planning, and teaching 
an elective undergraduate course on Computer Graphics. The course was based on active learning strategies by design, 
heavily focused on Project Based Learning through three projects starting from scratch, each week learning and 
implementing new features on the projects. Students must program in regular programming languages like Python, C++ 
and Javascript, and build up their competence in mathematics from basic math concepts. As a result, students were able to 
develop a scanline renderer, and a ray-tracing renderer without any graphical Applic ation Programming Interface and finally 
a 3D web application based on ThreeJS. Although students had a perception of a demanding course, they were engaged 
on proposed activities during all semester, and were able to implement all important features on proj ects, often above 
expectation, showing evidence that learning objectives were achieved. 

Keywords : Pair Teaching; Computer Graphics Teaching; Mathematics Teaching; Project Based Learning. 

1 Introduction  
The foundations of Computer Graphics rely heavily on mathematical knowledge. Therefore, the proposal of a 
Computer Graphics course that is not limited to the mere application of ready -made programming codes 
requires a plan on how Mathematics will be incorporated into classes. This plan becomes even more important 
when considering Computer Graphics as an elective course at the end of an engineering program, as 
mathematics is too much concentrated in the beginning of the program, usually in the first semesters. This is 
a scenario in which students show less readiness for the application of mathematical concepts in the context 
of the discipline. As a result, many students may have difficulties with basic mathematical content, such as 
vector operations. 

However, the development of a didactic sequence that resumes the mathematical knowledge required by 
Computer Graphics may represent a great challenge. As a computer engineer or a computer scientist, this 
professor may not master the content and/or pedagogy of the mathematical area. Furthermore, a clear 
understanding of the mathematics track in the undergraduate program, will allow course professors to identify 
topics of mathematics that were covered in previous semesters of the course, having a better view on what 
should be reviewed and what could be an entirely new topic for students. 

In order to deal with this problem a pair teaching strategy ( Andersson & Lars, 2006; Ott & Meek, 2019; Burden, 
Heldal & Adawi, 2012; Zehetmeier, Bottcher & Brüggemann, 2018) was adopted: two professors of different 
areas working together throughout the course. It is important to point out that this is not a course split in two 
parts having professors teaching their topics, professors have discussed and defined learning goals, planned 
classes and activities, and evaluated projects all together. At first this strategy may appear less efficient since 
there are two professors at the same time in class, but improvement on learning was very evident. 
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This paper reports the experience of pair teaching in a Computer Graphics course offered as an elective in an 
Engineering program. The course, based on an earlier version lectured by only a Computer Engineering 
professor, was taught by two professors: a computer engineer; and a mathematician. The remainder of the 
paper explains: the main pedagogical strategies in chapter 2, selected results achieved on conducted course in 
chapter 3, and final conclusions on chapter 4. 

2 Strategy  
Working in pairs for teaching can bring several benefits, but a clear alignment must be established between 
lecturers to create coherent activities in classes. The starting point for achieving this alignment was the plan 
and material produced in the previous version of the course, to ensure that developing computer graphics 
skills and course goals were maintained and improved as possible. Then, the mathematical content required 
for each course phase was identified. The organisation of mathematical knowledge was defined at the 
beginning of the program, to define the most appropriate depth, order, and approach during the course. 
Another important constraint is that courses should follow an active learning pedagogy heavily based on 
project-based learning.  

Since this course is taught at the end of the engineering program, bringing back fundamental mathematical 
concepts could be very challenging. In this case, the profile of students enrolled in the course was necessary 
to better design activities in the mathematical area. Usually, students are more interested in working on more 
advanced projects, and very often they rely on tools or applications that hide the complexity of development, 
in this case on mathematics and computer science, but since the beginning students were informed that this 
course would dig in the fundamentals of mathemat ics and low level programming. 

Thus, weekly demands were defined in the projects, most of which involving some type of mathematical 
knowledge and applied computer science. During classes, students worked in pairs or trios, guided by handouts 
that addressed the content required in that week's delivery. In this way, the progress concretely observed in 
their projects was the main motivation for studying the mathematics involved.  

An example of this strategy was the study of rotations by quaternions. The representation of a three -
dimensional object rotation by quaternions is a technique commonly used in computer graphics, since it avoids 
known problems of Euler's angles (Pletinckx, 1989). Its mathematical justification is based on the understanding 
of quaternions as a 4-dimensional space that contains complex numbers. More than just applying formulas to 
implement quaternion rotations in their projects, the proposed activities allowed students to have a real 
understanding of what they were doing in their programmin g code. 

In addition to the weekly deliveries related to the projects, revisions were scheduled at strategic points in the 
course, which supported students to understand the big picture related to the procedures previously studied. 
These revisions were usually associated with the development of a complex case where students could check 
their understanding.  

Three main projects were distributed during the semester that were further subdivided. The partial project 
deliveries have generally lasted a week, so that students could build their project and see some progress little 
by little . 

2.1 Scanline Renderer  
The first project was a conventional scanline renderer (Foley, van Dam, Feiner & Hughes, 1990). Students would 
initially implement an algorithm to identify 2D tr iangles and generate an image, but soon afterwards they 
would work in 3D, calculating the perspective view of a scene, calculating the lighting and traditional rendering 
resources such as anti-aliasing. Students had to develop from scratch using Python as a programming 
language. A skeleton code was provided by a git repository for them to follow the development and render 
some known sample scenes. The scanline render was designed to read X3D files (http://www.web3d.o rg/ ), what 
is a convenient format since it is open, well documented, and in text format, and all geometry can be 
parametrized. 

http://www.web3d.org/


https://threejs.org/
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 Figure 5. Sample images of theme free computer graphics web project. 

There were several deliverables for the students during the s emester, and students were a little concerned 
about the complexity of the topics in the course, and one student decided to leave the course. The first 
deliverables had an extremely high quality, and students were giving their best to accomplish the proposed 
challenges as best as they could. During the entire course topics had about the same level of complexity, but 
students start to burnout, and the deliverables were not so complete as used to be in the first part of the 
course. As professors start to notice that students were not delivering project with the same quality, they 
decided to slow down a little. In a future version of the course, professors should better balance how difficult 
are the projects and better track if students are burning out.  

3.1 Differen ce between course versions  
The most noticeable difficulty some students had in previous course versions was in vector operations. The 
course was not advancing as expected since skills in geometry transformations were necessary for the course 
and these are based on vector operations. In previous versions of the course this problem was tackled in a 
corrective way, as students started to struggle with vector operation, support classes were created. In the last 
course version, with two professors, vector and other mathematical topics were treated in a preventive way, 
but instead of a pure revision, students were oriented on how to learn the topic, with general exercises, 
readings, videos and even lectures to support students for their projects. 

At the end, students could deliver projects with more details and quality, for instance in previous versions, the 
fourth part of the first project was not even published for students, since some support classes were necessary, 
and the original plan was delayed. On the second project in previous versions, only basic resources of the ray 
tracer were developed and in the last version not only the basic resources were implemented as some complex 
routines were also incorporated. 

4 Conclusion  
Having two professors on this computer graphics course, one mathematician and one computer engineer, 
allowed students to better discuss and learn several details in mathematics and computer science that 
otherwise would not be so practical. Classes were planned in an active way where students could discuss with 
professors graphical and mathematical techniques, also having studio time (that is time slots for developing 
their project in class) allocated for regular activities and project development.  

There was a clear improvement on projects quality comparing the pair teaching version with previous version 
of the course with a single professor. In the pair teaching edition, students were able to implement more 
graphical techniques, and the quality is also noticeable. In the first edition, small mistakes on algorithms and 
math routines lead to imagens with some strange artifacts, what was not often noticeable in the pair teaching 
version. 

The course has yet a lot of opportunities for improvement: for instance, in the first project a better se quence 
of topics can be used, in the second project the high dependency of an external book is not creating enough 
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Table 3. Scenarios developed 

Scenarios Base Competence 

1 Self-reflection and self-management 

2 Personal integrity and reliability 

3 Personal communication 

4 Relationships and engagement 

5 Leadership 

6 Teamwork 

7 Conflict and crisis 

8 Resourcefulness 

9 Negotiation  

10 Result orientation 

 

Step IV. Review with a Professional Social Science and Project Management Professional:  the third phase of scenario 
development, comprised an in-depth review of the scenarios by two scholars, working in the fields of Educational Sciences 
and Project Management. The process aimed at two key inputs: (i) Linguistic review, and (ii) Review the content. Suggestions 
for improvement were analysed and the main improvements suggested were implemented . 

 
Step V. Validation with professionals:  whose objective focused on the collection of the first perceptions about the 
scenarios, problems that were exposed and actions for improvements with key informants. The key informants were 
professionals who work in the area of project management.  Thus, for the selection of the professionals, two basic criteria 
was considered: professional experience linked to engineering projects and/or complementary training linked to the area 
of project management. With this in mind, a questionnaire survey was developed and sent via email, with open and closed 
questions; the questionnaire was created with 20 closed questions and 10 open questions. The closed-ended questions 
were answered using an agreement Likert-type scale, ranging from 1 to 5, represented qualitatively by the following 
perceptions: "1. totally disagree"; "2. disagree"; "3. neither agree nor disagree"; "4. agree"; "5. totally agree". 
An invitation was sent, via e-mail, to 10 professionals, and we obtained the acceptance of all professionals. However, after 
sending the survey by questionnaire, a deadline of 30 days was offered, and at the end of the deadline, we obtained a total 
of 7 respondents.  Table 3 presents a summary of the characterization of the profile of the professionals who were surveyed 
in this phase. 

Table 4. Characterization of professionals  

# Basic Training  Training Additional  Experience in the area  

1 Mechanical Engineering  Specialization in Project Management 5 years 

2 Mechanical Engineering Specialization in Project Management 1 years 

3 Plastics Engineering 
MBA in Project Management 

12 years 
MBA in Careers, Leadership and Coaching 

4 Business Administration Professional Master's in Administration 10 years 
5 Agronomic Engineering Master's in Project Management 2 years 
6 Production Engineering  6 years 
7 Mechanical Engineering Specialization in Project Management 10 years 

 

The qualitative analyses of the survey results focus on the open-ended questions in the questionnaires. For each scenario 
presented, a question regarding suggested improvements was asked to the respondents. The quantitative analysis of the 
surveys went through statistical treatment which consisted of classification, calculation and analysis procedures. For this, 
the program SPSS (Statistical Package for the Social Sciences) version 26 was used. The analysis used was the calculation 
of Cronbach's Alpha coefficient. 

Cronbach's Alpha coefficient is a technique used to assess the reliability and internal consistency of instruments. The 
objective in using the coefficient is to ensure the accuracy/reliability of what has been developed. In this sense, the 
coefficient measures the degree of reliability of the information obtained (constancy of the results and homogeneity of the 
items).  
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"It is necessary to include in the scenario the step that involves eventual attitudes thought and/or designed by the manager,  to 
be taken or put into practice" (professional 3). 

"I think it is im portant to emphasize in the scenario that the "project manager" is hierarchically superior to the "construction 
coordinator". The nomenclature of the position, if misinterpreted, can distort the argumentation" (professional 4).  

Regarding the teamwork scenario: 

"I would modify in the sense that the team leader is centralizing all the information and decision making, changing the conte xt 
that he would be doing everything alone, but centralizing all the decisions with him" (professional 1).  

As for the conflict  and crisis scenario the inclusion of discordant points was suggested: 

"We could include the possibility of the Leader obtaining from the team, alternatives in points where there is no consensus" 
(professional 3). 

For the negotiation scenario obtained the proposition:  

"I would include in the text not only that the "client may not be happy with the deviation" but also, more explicitly, that t he 
client believed in the schedule and is already starting to have financial losses with this delay. This places on the interviewee a 
need to search for "arguments" more connected to the reality and practice of the business and how he would face the situation " 
(professional 3). 

With the analysis of the results of the ten scenarios developed from the professionals' point o f view the main suggestions 
were analyzed and included for the pilot studies. That said, the second part of this study, focused on the qualitative analysis 
of the pilot studies from the students' point of view. The objective in assessing these scenarios was to know the perceptions 
of the participants about the understanding, time estimation (reading and response), advantages and limitations identified 
in the scenarios and in the assessment of competences by scenarios.  

Regarding the understanding/comprehens ion of the ten scenarios developed, all participants affirmed that there were 
no doubts. Furthermore, the data indicate that 100% affirmed that the time for reading the scenario, estimated at 2 
minutes, was adequate. With regard to the time for answering the scenario estimated at 8 minutes, all respondents 
indicated that perhaps the time was too long and justified their response.  

"8 minutes is a very good time to discuss, but maybe 5 minutes is enough" (student 1). 

"In my opinion, a response time to the scenarios of 8 minutes is high since it is only one person talking, discussing about 
the best decision to make in a specific situation" (student 2). 

"Even with the additional comments and discussion with fellow observers, I think 8 minutes was too long for th e scenarios" 
(student 3). 

When asked about the main positive aspects of the experience of an assessment using scenarios, the results indicate 
that the respondents perceive positive points of an assessment by scenarios, allowing them to explain their arguments 
in an open and creative way in specific contexts of the area. Furthermore, they affirmed that the assessment that 
includes scenarios becomes diversified and representative and can be an important instrument for managers to present 
their competences. Below are some of the participants' descriptive answers. 

"It is an experience that allows candidates to explain their reasoning openly and allows for a very diverse and representative 
assessment" (student 1). 

"With the use of scenarios, it is possible for an evaluator to see, in a practical context, what a candidate's action would be 
in various situations, which is an advantage compared to the assessment only by competences mentioned in a curriculum, 
for example, and not effectively verified" (student 3 ). 

When questioned with the difficulties felt in this assessment experience through the use of scenarios, two students 
directed to the lack of practical experience in the area, leading to difficulties in the argumentation in the answer.  

"Some lack of knowledge on how to deal with the content of some scenario. From the functional point of view of the 
method I had no difficulties" (student 1).  

"For me, the biggest difficulty in this experience was to put myself in the position of the project managers of the s cenarios 
in which I was allocated and make the best decision. Another difficulty was in the argumentation of my decisions" (student 
2). 

"The scarce experience in the labor market limited the answers to the scenarios to the use of teamwork experience only in 
the academic context" (student 3). 

Finally, participants described in their own words their participation in the study. The responses indicate an enriching 
and valuable experience. Unanimously, they enjoyed and felt comfortable in assessment of this type. Below are some 
of the responses. 
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any type of company or organization, producing goods, services, or both. Furthermore, they must develop 
competencies that go beyond the knowledge, including the skills and attitudes. This means that skills such as 
communication, problem solving, critical thinking, teamwork, leadership, capacity of initiative, among others, 
must be part of their learning.  

With so many areas, it is not a surprise that IEM students do not know what will be their role in the companies. 
Moreover, they need to understand the meaning of learning in such knowledge areas that are included in their 
curricular plans. Attending to this, a challenge was launched to the IEM first-year, first-semester students called 
IEM@ProjectNetworking. This activity was developed in the context of Project-Based Learning (PBL) as a 
milestone to accomplish in the Integrated Project of Industrial Engineering and Management course. The 
students organized themselves in pairs and had to conduct one interview with an Industrial Engineer or 
someone that had this role in a company located in the region. The objective of this paper is to present how 
the challenge was launched, planned and executed and to analyse and evaluate the results obtained by 
students. 

The paper is structured in five sections. After this introduction, the study context and previous work are 
presented in section two. Section three presents the research methodology. Section four presents the results 
obtained by students and the main f indings of the authors about this challenge. Main conclusions are 
presented in section five. 

2 Study context and previous work  
The PBL learning methodology is being used by Industrial Engineering and Management (IEM) program of the 
School of Engineering of the University of Minho (UMinho) since 2004 (Alves et al., 2020; Lima et al., 2007). 
From a formal structure without a project course (Alves et al., 2014) to the current one, a long path of 19 
editions was carried out (Alves et al., 2021). Along this path, a lot of research and continuous improvement has 
been done (Alves et al., 2017; Alves & Leão, 2015). This included the challenge of IEM@ProjectNetworking that 
was developed, for the first time, in the context of the course of Introduction (or Topics) of Industrial 
Engineering and Management (Alves et al., 2013). The setting for the challenge of this academic year was 
different and it is explained next. 

Imposed by government, this academic year of 2021_22 implied one more change: from a Master Integrated 
of five years (300 ECTS) it becomes a Bachelor of three years (180 ECTS). The setting up of this paper is based 
on the 2021-2022 curricular structure conducted at the UMinho, as represented in Figure 1. From Figure 2 it is 
possible to see that the six courses that are integrated in the curricular plan are from different schools and 
departments, having a Science, Technology, Engineering and Mathematics (STEM) structure.  

 
Figure 1. Curricular plan of IEM first-year, first semester, IEM11  

Figure 2. Schools and departments involved 
in the IEM11 

The 67 students of this cohort were organized in eight teams of seven-nine members that need to develop a 
project in the context of the course Integrated Project in I ndustrial Engineering and Management I (IPIEM1), 
applying the contents learned in the five different courses. Each course has their own assessment methodology 
that includes a project component. Nevertheless, the contents of each course included in the IPIEM1 is assessed 
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Figure 2: Digital Debate Sheet 

4 Argument Analysis  
The analysis was carried out using a qualitative approach and focused on understanding the potential of the 
Theses debate Pedagogical Architecture (AP) to promote cooperative learning.  

The data collection allowed us to propose and proceed with the categorization of the arguments developed 
by the 22 students, for each of the three theses, as well as observing the changes between the initial arguments 
(step 1) and the arguments elaborated after the stages of review and reply. 

To carry out the analysis of the arguments, we defined 10 categories based on the justifications of the students' 
positions in relation to the three theses in the initial stage (categories C1 to C4) and in the final stage (categories 
C5 to C10) of the Pedagogical Architecture. The categories are presented in Table 2. 

Table 2: Categories of arguments   

Initial Arguments  

C1-Badly developed initial arguments, based on opinions and/or personal experiences (or that 
only repeat the thesis); 

C2- Arguments developed based on interpretations of concrete evidence; 

C3- Arguments based on theoretical/methodological contributions that support them;  

C4- Arguments that bring contradiction with the positioning.  

Final Arguments  

C5- Arguments that repeat the initial ideas, without enrichment;  

C6- Arguments that consider the ideas expressed by the reviewers and bring enrichment; 

C7-Arguments enriched with new elements, regardless of the ideas expressed by the reviewers; 

C8-Arguments that support new positions considering the ideas expressed by the reviewers; 

C9- Arguments that support new positions regardless of the ideas expressed by the reviewers; 

C10- Arguments that bring contradiction with respect to the positioning.  
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Table 4: Category distribution of arguments by thesis (initial stage) 

Initial arguments  Thesis 
1 

Thesis 
2 

Thesis 
3 

Totals  

C1-Badly developed initial arguments, based on 
opinions and/or personal experiences (or that only 
repeat the thesis); 

11 12 10 33 

C2- Arguments developed based on interpretations of 
concrete evidence; 

7 8 9 24 

C3- Arguments based on theoretical/methodological 
contributions that support them;  

3 1 3 7 

C4- Arguments that bring contradiction with the 
positioning.  

1 1 0 2 

 

Looking at Tables 4 and 5, we can say that most students (15 of the 22 students) started the AP, using poorly 
developed arguments, based on opinions and/or personal experiences or that only repeated the thesis. In this 
category (C1) it is possible to classify 33 justifications of positions, in at least one of the theses, by 15 students 
(6 students argued this way for the three theses, 6 students for 2 theses and 3 students for 1 thesis. 

Arguments based on interpretations of concrete evidence (C2) were used to justify the positions of 16 students 
in 24 theses (2 students used this argument for 3 theses, 6 used it for 2 theses and 6 for 1 thesis). The arguments 
based on theoretical-methodological contributio ns (C3) were used by 7 students to justify their positions in 7 
theses (6 subjects used this form of argument, none of them used to justify their position in all theses and only 
1 student used argumentation to justify 2 theses). 

Table 5 presents the distribution of the number of arguments per thesis.  

Table 5: Category distribution of arguments by thesis (final stage) 

Final arguments  
Thesis 

1 
Thesis 

2 
Thesis 

3 
Totals  

C5- Arguments that repeat the initial ideas, without 
enrichment; 

3 2 5 10 

C6- Arguments that consider the reviewers' ideas 
and bring enrichment;  

15 16 9 40 

C7- Arguments that are enriched with new 
elements, regardless of the ideas expressed by the 
reviewers; 

1 0 2 03 

C8- New arguments that support new positions, 
consider the reviewers' ideas; 

2 4 5 11 

C9- Arguments support new positions, regardless 
of the ideas raised by the reviewers. 

0 0 1 01 

C10-Arguments that bring contradiction with the 
positioning.  

1 0 0 01 
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Regarding the students' arguments, in the final stage, we identified a prevalence of arguments that were 
enriched from the debate with the reviewers. In category C6, we identified 18 students who modified their 
arguments to support at least one of the three theses, totaling changes in the arguments of 40 of the 6 6 theses. 

Changes in the arguments were identified, linked to a new position (agree, disagree, or partially agree), which 
were motivated by exchanges with reviewers who pointed out weaknesses in the initial argument and/or raised 
new arguments for the colleague, as well as their reflections from the contact with the arguments of colleagues. 

Category C7 was identified in the arguments of 3 students. Each of the students modified their arguments in 1 
of the 3 theses. 

Of the 22 students, 7 subjects maintained their arguments in at least 1 of the 3 theses, that is, they repeated 
the initial arguments and positions (C5). Only one student finished the AP maintaining the same arguments for 
the three theses. This student, in the assessment space, expressed not having clearly understood the debate. 
Still, 1 student changed his position and arguments without the influence of exchanges with the reviewers (C9) 
and 1 student, in one of the theses, presented a contradictory position with his own arguments (C10). 

5 Discussion and Final Remarks  
The first result to be emphasized refers to the potential of Theses Debate to promote active and collaborative 
learning, considering the changes in the arguments related to the enhancement of ideas and changes in 
positions regarding the theses debated.  

The experiment allowed us to observe qualitative changes in the arguments (due to the need to express them) 
and the advances in the understanding of colleagues' ideas and study on the theses under debate. These 
changes were predominantly due to improvement of initial arguments, even when there was no change in the 
position (agreement, disagreement, and partial agreement). In addition to those improvements, which were 
more frequent, changes in positioning were also identified, with the elabo ration of new arguments, 
predominantly motivated by interactions with the reviewers, but also because of reflections after the first 
positioning. In all these cases, advances in the consistency of the arguments were evidenced. 

Positions and arguments about thesis 1 (20 of the 22 students in the final stage agreed) and thesis 2 (18 of the 
22 students in the final stage) showed us that they consider cooperative work relevant for learning. They 
understand that cooperative learning is not reduced to an abbrevia tion of work, but to a construction that 
takes place through the coordination of different points of view.  

Considering students' evaluations, we can say that the experience of collaborative work reinforced the 
importance of exchanges in active learning. The review stage proved to be relevant for the improvement of 
arguments, with advances both in consistency and expression of ideas as well as development of critical 
thinking.  

Regarding the work dynamics and use of the virtual environment, the evaluations showed that it was positive, 
allowing more activity and protagonism from students. Most students considered that the environment was 
adequate to support the architecture, although three students found some initial difficulties in using it. Some 
students expressed that they perceived possibilities of using Theses Debate in their work contexts, with the 
necessary adjustments according to student age and pedagogical objectives. They mentioned, for example, 
the adoption of different theses for each subject and d ivision into groups based on the positions favoring the 
discussion between those who agreed and those who disagreed. 

Regarding criticisms and suggestions, most students expressed that they would have carried out interactions 
for longer so that they would b ecame more familiar with work dynamics and would have more time for 
reflection. Some students suggested that, in future AP applications, more material should be made available 
before all stages; the introduction of a new specific stage for online discussions by the entire group; and further 
time to the establishment of connections supported by a theoretical framework. It was also suggested the use 
of a specific (custom-made) environment for Theses Debate. 
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Figure 2. Curricular plan of IEM first-year, first semester, IEM11 

Each course has their own assessment methodology that includes a project component. Nevertheless, the 
contents of each course included in the IPIEM1 is assessed in the presentations, reports, blog, prototypes, that 
the teams delivered to be assessed. Table 1 shows the milestones of the IPIEM1 and the weight of each 
deliverable in the assessment methodology. Individual grade of each student is the result of  team grade 
influenced by a correction factor that result from the peer assessment (Fernandes et al., 2009; Fernandes et al., 
2020; Uebe-Mansur & Alves, 2018) (90%) and  the grade obtained to the IEM@ProjectNetworking (third 
milestone) (Alves et al., 2013, 2022). As can be seen, the blog is part of the fifth milestone and should be 
finished until de last day of the project.  

Table 1. Milestones (Ms) and weight of each in the assessment 

 

Each team created a blog, that was regularly presented and discussed by the team members and the tutors 
and teachers. Table 2 also includes the links to each of the team blogs. 

Table 2. Team blogs of IEM first-year students 2021/22 

Teams Team name  Link to the Blog s 
1.  KEY https://keykeepthenvironment.wixsite.com/websitekey     
2.  GreenBox https://grupo2legi1.wixsite.com/website   
3.  Eco-Sumaco https://eco -sumaco.wixsite.com/eco-sumaco 
4.  HEARTH https://grupo4egiuminho.wixsite.com/website  
5.  LEAF https://rosa -gil.wixsite.com/leaf 
6.  BioPackage https://pleg62122.wixsite.com/biopackage  
7.  United for Change https://piegigrupo7.wixsite.com/blog  
8.  E-Thinking https://grupo8piegi.wixsite.com/website  

 

 

3 Methodology  
This paper aims to give answer to the following research questions:  

- How do students describe their PBL experience in their team blogs? 
- What importance to students give to the blog as a learning tool?  
- How do blogs contribute  to promote assessment as learning in PBL? 

For data collection a questionnaire was used to collect feedback from students at the end of the PBL experience. 
This questionnaire was organized based on a set of items that explore the way the PBL process was developed 

https://keykeepthenvironment.wixsite.com/websitekey
https://grupo2legi1.wixsite.com/website
https://eco-sumaco.wixsite.com/eco-sumaco
https://grupo4egiuminho.wixsite.com/website
https://rosa-gil.wixsite.com/leaf
https://pleg62122.wixsite.com/biopackage
https://piegigrupo7.wixsite.com/blog
https://grupo8piegi.wixsite.com/website
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4.2 What do I now do differently from what I have done in the past?  
With regard to  what they consider that they now do differently from what they did in the past, as a result of 
the experience of the PBL project, students highlighted the greater capacity for critical reflection, reasoning, 
creativity, the ability to make more constructi ve criticisms, and the ethical care taken during the preparation 
and implementation of the project itself, as evidenced in the students' speeches: 

(...) when comparing my pathway last year and currently, my evolution in many aspects is evident, namely 
today I am able to analyse more critically any procedure to be performed, as well as the reason for it. (...) (S3) 

I became much more careful in the collection and processing of information, looking for suitable and reliable 
sources and also in the respect for copyrights and Copyright rules. (S4) 

What changed most from my initial work to the final one was my ability to provide a basis, which is strongly 
present in the report we prepare and my capacity for creativity (...) (S5)  

The way of reflecting on my own work and that of the group (...) (S6) 

I learnt to make more constructive criticism on subjects which I did not know so well and which I now know 
more about (...) (S7) 

 

4.3 What did I learn about myself? / What did I learn about others?  
Resilience and the capacity to overcome oneself were the two aspects most often mentioned by students when 
they were asked to reflect on what they learned about themselves during the completion of the PBL project, 
as evidenced by the students' speeches: 

(...) I managed to know that (...) when faced with a difficulty I do not give up and always try to find a solution. 
(S3) 

I learned that my effort will always be rewarded and that giving up should not be an option. I also learned to 
value the work I do, giving my best, in a demanding context and under less than ideal conditions. (S4) 

My capacity for resilience and overcoming, my level of demand, my organizational capacity and my interviewer 
side, eheh! (S6) 

I have learned that no matter how tiring a job may be, I can find the strength and the will to do anything, that 
with dedication I can do anything, all I need is the will, and I have learned that I can be more committed than 
I had imagined. (S10) 

With regard to what they consider they have learnt about others, the students' reflections focused essentially 
on teamwork: its implications, difficulties, added value, as can be seen in the students' discourse: 

I learned that group work is not always easy. Working in a team implies communicating and collaborating, 
living with very different points of view and opinions, having to overcome problems together and outline 
solutions collectively. (S7) 

Working in a team also means having the ability, by understanding the strengths and the less strong points of 
each member of the group, to seek to establish bridges and consensus, giving our contribution to the final 
product. (S4) 

Regarding the others, I have learned that together we can overcome any challenge. Everyone has their own and 
unique characteristics, which has allowed us to have projects which are so different, but at the same time so 
complete. (S5) 

5 Final Remarks 
Assessment as learning aims to guide and provide opportunities for each student to monitor and critically 
reflect on their knowledge and identify the next steps.  The use of the portfolio to report a student's learning 
process has impact on students as it provides the deepening of knowledge a nd reflecting on what is learned 
and how it is learned, besides also promoting the articulation of theory and practice  (Marinho et al., 2021). 
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RF012  Integrate work users It allows to create, change and delete workgroups. 
RF013  Keep financial control It allows to record, change, view and delete financial data. 
RF014  Share link It allows sharing the application link with a certain personalized identifier for each user so that 

you benefit only.  
RF015  User Guide It allows solving app usability questions.  
RF016  Control Notifications  It allows controlling notifications for everyday alerts and fosters user engagement  
 

Table 2. Non-functional requirements list.  

Nº  Name  Non-functional Requirements Description 
RNF001  Usability The system must make it easy for the user to understand the functionality available by using symbols. It 

should have a simple presentation making the execution of actions intuitive and logical.  
RNF002  Performance The system must have a maximum response time of 3 seconds. 
RNF003  Storage The system must be able to store data both locally and in the cloud. 
RNF004  Security The system must be able to register a password per user. 

RNF005  Compatibility  Must be compatible with Android 6.0 or higher operational systems.  
RNF006  Legality The system must comply with the General Data Protection Law (LGPD) as well as restrictions for an 

application by entering the terms of use, terms of the customer.  

 

4.3 User Flow Mapping  
The user flow mapping shows the main features that users need order to use the app. It was built according to 
the system requirements specifications and shows the required user journey in order to achieve the functions 
related to the fin ancial education goals.  

 

 

Figure 1. User Flow Map 

 
Initially, the user opens the application, to log in or to create a new account. Then user must enter their main 
data, create their avatar and search through their contact list to find other users in the app. Then the user is 
directed to Home page of the application, and has the view of four main icons on the dashbar: Wallet, Plus, 
Teams and Profile. In addition, the user can also navigate through the homepage and access other relevant 
information such as: courses, medals, coins, etc  

4.4 Use-case Diagram 
The use case diagram, shown in Figure 2, was designed out the list of the functional requirements, presented 
in section 3.2, and by analysing the business model.  

The use-case diagram represents the interaction between the user and the system administrator, and their 
main assignments within the application. 
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Figure 8.a Financial Input, 8.b General, 8.c Delete Information, 8.c Dashboard  

4.5.7 Family and Work Team  
The Family and Work Team strategy is responsible for the integration between users. In this section, it is 
possible to create teams and have visibility of the number of coins of each player.  

 
Figure 9. Work Team 

5 Conclusions  
This project resulted in the prototyping of a gamified app that helps socially vulnerable communities develop 
critical thinking and financial management abilities through  financial management courses and tool  that are 
made available by the application. Those results were accomplished due to the integration between five 
problem-based learning (PBL) classes of Production System Project (PSP) of the Production Engineering course 
of the University of Brasília, whose students worked together to design a solution to participate in the Epic and 
SDG Challenge, which is a program that takes place every year, coordinated by a group of professors and 
students from the University of Aalborg, Denmark, and the University of Brasília, Brazil.  

Besides the main objective, the project also had the purpose of developing students skills through problem -
based learning (PBL) and multidisciplinary critical thinking. Those goals were achieved through the integration 
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Abstract  

How to motivate female students to progress in the Engineering course? This question was the motivation for this work, 
which aimed to introduce some women who have revolutionized the world around Exact Sciences to female students 
attending the Engineering course at the University of Brasilia. This paper presents personal and professional bibliographic 
results of four extraordinary women scientists in exact sciences: Ada Lovelace, Katherine Johnson, Marie Curie, and Hedy 
Lamarr and, reports the results of the experience of this work developed in which it concludes benefits of self-esteem, 
overcoming, courage and appreciation of the female gender, promoting the planting of female engineers.  

Keywords : Women Scientists; Female Gender; Motivation; Exact Sciences. 

1 Introduction  
When we think of physics and mathematics, we remember physicists Galileo Galilei and Albert Einstein, and 
mathematicians Leonhard Euler and Gottfried Leibniz, for example. In engineering we remember Leonardo da 
Vinci and Gustave Eiffel. What do they all have in common? They are men in exact sciences. Where are the 
women in this field? Historical accounts register that it was unusual to have women in the Exact Sciences, 
because they were prepared to dedicate themselves to domestic chores and were not suitable for this training; 
and those who had the opportunity to study in this area were because they had family financial support, but 
the merit of their achievements was not attributed.  

Figure 1 presents global statistical data of the most employment sectors for women from 1970 to 2019 (before 
the start of the COVID-19 pandemic). In 1970, women made up 38% workers and 8% representatives in the 
STEM fields (Science, Technology, Engineering and Mathematics). By 2019, the STEM proportion had increased 
to 27% and women made up 48% of all workers, on what women also made up nearly half of those in all math 
(47%) and life and physical science (45%) occupations. 

 

Figure 1. Porcentage of women in STEM jobs: 1970-2019. 
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Currently, there has been an increase in the number of female scientists, but they are still a minority and are 
still not valued in some fields. Why is this? Because career choice is due to cultural factors acquired in childhood 
and adulthood rather than biological factors (Reis & Silva & Carvalhaes, 2016). For example, toys discriminated 
by gender, that is, dolls for girls and cars for boys, generating less contact for them in parental activities that 
have social culture linked to technological and exact themes (Mascarenhas, 2019). 

In the studies by Matusovich & Streveler & Miller (2010), they show that the motivation for choosing an 
engineering course is due to emotional values, acquired beliefs and discovery of personal identity, especially 
for female students. On the other hand, intrinsic and social motivations are the motivational factors to attract 
students to engineering education and in addition, women are significantly influenced by their mentors 
(Kolmos, & Mejlgaard, & Haase & Holgaard, 2013). 

Given this situation, the idea arose to expose to the female students of the Engineering course at the University 
of Brasilia (UnB) some female scientists who revolutionized the world of Exact Sciences with their research, 
because inspirations come from examples, right? 

Thus, the objective of this article is to expose the personal and professional bibliographies of four women 
scientists (Ada Lovelace, Marie Curie, Hedy Lamarr, and Katherine Johnson) and to report the motivational 
experience of this exposition for the students of the Engineering course at UnB. 

Initially, we will make a documental presentation of these researchers in chronological order. Next, we will 
report the characteristics of the students involved in the Engineering course, where the work was developed. 
Finally, we will show the results obtained and the conclusions. 

2  Four women who changed the world of exact sciences  
In the old days, restrictions on women's access to education were customary and the rare ones who had 
admission to education could not publish their work because they were expected to be groomed to be only 
good wives and good mothers and supported by their husbands and furthermore, society labeled that woman 
were not talented in the exact field lik e men (Ygnotofsky, 2016). The four women in this article broke rules, 
learned to listen to themselves and follow their dreams. 

 

2.1 Ada Lovelace  
On December 10, 1815, Augusta Ada Byron was born in England-UK, the daughter of poet George Gordon 
Byron and mathematician Anne Isabella ("Anabella") Milbake - known as the princess of parallelograms. Her 
parents divorced when she turned one year old. Thus, she lost the paternal bond and started living only with 
her mother, who was responsible for her education by hiring excellent tutors and for influencing her in exacts. 
When she was 8, her father passed away, leaving poetry as her second passion, as numbers became her great 
admiration. 

At 17, Ada met the old scientist Charles Baggage who was amazed by her intelligence. At the time he had 
created the analytical machine (a device like a large clock full of gears for adding and subtracting numbers). 
He became her mentor and thus began the emergence of the great mathematician Ada Lovelace.  

In July 1935, at the age of 20, Ada married William 8th Baron King, Earl of Lovelace, and became known as Ada 
Lovelace. They had three children, but at the age of 36 due to uterine cancer, she died and at his request, was 
buried next to her father in Nottinghamshire, a county in England situated in the East Midlands.  

After one hundred years of her loss, the poetic scientist's notes on Baggage's analytical machinery have been 
recognized as a description of a computer and software, i.e., she is the first person to create a computer 
program that took as its inspiration the punched cards used in mechanical looms at the time.  



https://pt.wikipedia.org/wiki/Ada_Lovelace
https://pt.wikipedia.org/wiki/Marie_Curie


https://pt.wikipedia.org/wiki/Hedy_Lamarr
https://pt.wikipedia.org/wiki/Katherine_Johnson
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Figure 1.   

They were told to fill the glass with tap water to the mark on the glass and place it in another similar glass. The 
students were then asked to refill the glass with water to the indicated mark, add two sugar measures with the 
measuring spoon, shake it to dissolve evenly and place the formed solution in another glass. Next, they were 
instructed to repeat the same procedure but add a measure of salt to the marked glass so that the identical 
amounts of water, sugar solution, and the saline solution would be in the first, second, and third glasses, 
respectively. 

 
Figure 2. 

The students were then asked to carefully fill a bottle cap with the liquid from each glass and place them in the 
kitchen freezer, long enough for the solutions to freeze.  
 

 
Figure 3. 





http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1405-66662014000300013&lng=es&tlng=es
https://doi.org/10.30554/ventanainform.35.1849.2016
http://biomodel.uah.es/lab/inicio.htm
https://quimicaencasa.com/practica-de-laboratorio-propiedades-coligativas/
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Figure 4. Pick and place process with UR3 and target 

3.2 Robotic humanoid control  
The control for humanoid robot is complex, but an adjustment was made to remain the torso fixed at a certain 
coordinate. It allowed to use the robot HOAP3 from Fujitsu. This experiment has 3 independently states 
associated to each body part and each one has its trigger, when all triggers are executed, the robot copies an 
equilibrium position on one foot (Figure 5). 

 
Figure 5. Robotic humanoid control with HOAP3 

3.3 Grasping with robotic hand  
Shadow Hand form Shadow Robot was selected to realize the grasping activity. This experiment has 2 
independently states, pre-grasp and post-grasp, when all stages were completed, the robot  catches the 
cylinder from its initial position to another final opposite position  (Figure 6). 
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Figure 6. Grasping process with Shadow Hand 

 

3.4 Client  app in UWP  
Unity is mainly used for development stage, but it can compile to target device when the app will be executed, 
in this case the limitation is about Vuforia engine compatibility, this one only works with mobiles devices 
(Android, iOS) and UWP, but the research scope is about the development in the same machine, therefore 
UWP was selected as production target, because it allows to execute the app in desktop with W10. 

To improve the user experience, a main menu was included in the app, which groups all the experiments in AR 
and virtual version (Figure 6 and 7). 

 

Figure 6. Main menu for all experiment in UWP 

 
Figure 7. Scene pick and place with robotic arm without AR 
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that they partake in their day -to-day academic formation. Whether the students achieve these ILOs was 
determined on a case-by-case basis by a group of facilitators whose input weighed according to their 
involvement with each particular student.  To do this, they assessed the material or immaterial artefacts 
produced by the students during the development of the project.  

Given their importance to the whole process, all the relevant ILOs were explained to the students and the 
chancellor at the beginning of the proj ect. This, on the one hand, served as a guideline for students during the 
problem-formulation stage  of the project, and, on the other hand, allowed the chancellor to formulate his 
interpretation of the problems of the community in terms that would be usefu l for the students to develop the 
skills necessary for completing their programs. 

The solution will produce a report with a material or immaterial product during the problem's development . 
For example, the product could be the specific outcome that student s would use to learn in some or all subjects. 
In this case, each teacher involved must review the project to assess the achievement of the result of their 
matter. Consequently, they award the respective grade. On the other hand, the general project allows the 
evaluation of the transversal skills of the students. 

Torca's model also uses subjects that are not part of the project due to their high content of propositional 
knowledge, such as basic mathematics, principles of chemistry, and computer programming. That cases have 
lectures and sessions with active learning. 

3 Method  
The students of the Torca experience went into three groups for the project work, considering that all the 
subjects involved in some projects to get more balance (Table 1). However, Philology and Linguistics had a 
group composed of 3 students for a need previously identified as relevant to these careers concerning the 
school radio station. 

Table 1 Project groups for the Torca Model  

Name Curriculum Project Theme 

Student 1 Mechanical Engineering 

Reactivation of a scholar greenhouse 

Student 2 Civil Engineering 

Student 3 Civil Engineering 

Student 4 Economics 

Student 5 Mechatronic Engineering 

Student 6 Mechatronic Engineering 

Solid waste management at the Nuevo 
Horizonte school 

Student 7 Economics 

Student 8 Civil engineering 

Student 9 Agronomic Engineering 

Student 10 Mechanical Engineering 

Student 11 Mechanical Engineering 

Student 12 Philology and Language 

School Radio Station Student 13 Philology and Language 

Student 14 Linguistics 

 

Students analysed needs during the first six weeks of the project. Identifying the problem is essential that the 
problem address social needs, but not a pre-established solution. 
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explore how student engagement, performance and success can be positively influenced by adapting 
assessment approaches that focus on the learning that is taking place and prepares students for their own 
future learning needs.  

Many of the findings from the original study referred to rubrics, mainly used for projects, and how these were 
designed and used by lecturers and perceived and engaged with by students. The purpose of this paper is, 
therefore, to draw on the specific findings around rubrics to explore how rubric design can influence student 
learning and, through this, make recommendations for rubric design to support the overall learning intentions 
of project-based learning.   

2 Literature review  

2.1 Purpose of rubrics  
Traditionally, the purpose of a rubric is to assign a level of performance or a grade (Goldberg, 2014) or "guide 
the analysis of the products or processes of students' efforts" (Moskal & Leydens, 2000). This is known as the 
summative purpose of a rubric. When used for a summative purpose, much focus is on the quality of 
assessment grading (Panadero & Jonsson, 2013), considering reliability and validity of the rubric itself, inter -
and intra-rater reliability (Moskal & Leydens, 2000) or how accurately a score can reflect a student's abilities 
(Newell et al., 2002).  

A formative approach to rubric use considers alignment with course objectives, clarifying expectations to 
students (Newell et al., 2002), and providing feedback (Catete, Snider & Barnes, 2016). Rubrics can also be used 
to provide a quick overview of student progress (Ralston & Bays, 2010) which can be used to adapt the learning 
environment. 

Rubrics, if effectively designed, can be used both summatively and formatively (Stegeman, Barendsen & 
Smetsers, 2016). They should articulate expectations for an assessment task and typically do this through 
criteria and descriptions of levels of quality in relation to each criterion (Reddy & Andrade, 2010). Rubrics in 
more design or project -oriented contexts can include criteria that consider design process elements such as 
problem definition and feasibility, product -oriented criteria such as user experience and professional 
competencies such as teamwork and entrepreneurship (Huang & Jong, 2020). 

2.2 Impact of rubrics on student learning  
Rubrics can positively influence student learning in several ways. Rubrics are a mechanism to make assessment 
criteria explicit which provides transparency to students, but it also requires lecturers to reflect on these criteria 
when setting up assessment tasks. In this way, rubrics can facilitate constructive alignment (Biggs, 1996) of 
assessment design which supports improved student learning. Rubrics can increase transparency, reduce 
anxiety and provide feedback to students (Panadero & Jonsson, 2013). For this feedback to be valuable, 
students need to identify what good performance is, how their own performance relates to this and how they 
can go about closing the gap (Stegeman et al., 2016), promoting sustainable assessment practices (Boud & 
Soler, 2016). All of this supports the development of self-regulation skills and self-efficacy (Panadero & Jonsson, 
2013). Rubrics are further able to support self-assessment (Andrade & Valcheva, 1999) and related activities 
such as peer evaluation (Mullen, 2003) which can support the development of lifelong or sustainable learning 
skills (Boud & Soler, 2016).  

2.3 Challenges of rubrics  
There are, however, many challenges with rubric design. Some of these stem from rubrics that are not well 
designed or designed with a predominantly summative focus. Others originate from a lecturer -focused 
approach that does not consider how students will engage with and respond to the rubrics and the impact 
that this will have on their overall learning experience. 

The criteria of many rubrics focus on the product or artefact that is being assessed (Catete et al., 2016; Verleger, 
Rodgers & Diefes-Dux, 2016), which can mean that there is limited consideration, visibility or evaluation of the 
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process that is taking place and the assessment task remains product-centred (Gibbs, 1995). While it is often 
easier to grade or evaluate something tangible such as a design or a design report, it is the process that 
students will take with them into the working world. If rubrics are to be used to provide formative feedback to 
students, the criteria and descriptors also need to provide guidance on how the process that leads to the 
artefact can be improved in the future. If rubrics are to be used to develop self -evaluation capacity, students 
need this visibility to judge their approaches.   

Criteria in rubrics often include scale descriptors such as adequate, reasonable or poor (Huang & Jong, 2020), 
clear, accurate, complete and fair (Ralston & Bays, 2010) or few, some, most, all, slightly, moderately, mainly 
and extremely (Tierney & Simon, 2004). While these may enable raters to be more consistent and reliable, one 
may question how useful these descriptors are to a student and whether they enable valuable feedback that 
students can engage with and improve. While a grader may be able to develop a sense of what complete or 
reasonable is, students need to develop these skills. In some cases, examples can be included in the descriptors, 
often to improve reliability and validity or grading, but also to try and provide better guidance to students. 
Depending on student dispositions and intentions when using the rubric, this can tempt  students to adopt 
procedural or tick -boxing approaches, defeating the rubric's objective to develop self -evaluation skills. 

Whenever using rubrics, it remains key to consider how the students will perceive and use the rubrics during 
the design process. By providing clear expectations and criteria, rubrics provide a very structured framework 
that students can use when tackling assessment tasks. Some would argue that students could become 
dependent on these rubrics. The clear guidelines could lead students to avoid a trial-and-error approach to 
their problem -solving processes (Panadero & Jonsson, 2013), following a more mechanistic procedural-
learning approach (Case & Marshall, 2004). This does mean that rubrics can encourage instrumentalism or 
assessment as learning where criteria-compliance dominates the learning process (Torrance, 2007), which 
works against the idea of project-based and sustainable assessment practices. 

2.4 Opportunities for consideration  
The value of rubrics often remains centred on the robustness and inter or intra-rater reliability. Rubric design 
principles tend to speak to inconsistencies and redundancy in descriptors, unevenness in increments and 
limited routes to partial credit (Goldberg, 2014), language, terminology and phrasing (Stegeman et al., 2016) 
and frequency and intensity of descriptor levels (Tierney & Simon, 2004). Even when rubrics are designed to 
provide feedback, analysis of the rubric often remains focused on reliability and validity and how the feedback 
is perceived and used by students is not evaluated (Catete et al., 2016; Stegeman et al., 2016). While 
sophisticated rubrics provide a structure that can be used to provide a holistic and accurate evaluation that 
extends beyond the product or artefact to critical thinking (Ra lston & Bays, 2010), very rarely do the studies 
discuss how the rubrics are perceived or used by students.  

Panadero & Jonsson (2013) conducted a review of literature that explores the impact of rubrics on student 
learning. Their findings revealed that most research remains focused on the summative aspect of rubrics and 
limited studies consider the formative impact of rubrics. For those studies that do look at the formative aspect, 
few have been conclusive as case studies that use rubrics formatively typically combine rubric use with other 
meta-cognitive activities such as peer-evaluation.  

While the value and importance of the summative aspect of rubrics are acknowledged, their influence on 
student learning behaviours and, ultimately, student learning cannot be ignored. Learning-oriented and 
sustainable assessment thinking requires that the primary purpose of any assessment activity is the support of 
student learning and the development of self -judgement and evaluation skills. Since rubrics form an integral 
part of this process in project -based learning, it is imperative to understand how rubrics can be designed to 
support this. 
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3 Method  

3.1 Study context  
This study takes place at an engineering school ('the School') in a South African university. Assignments (or 
projects), tests, and exams are the primary means of assessing student performance. Larger projects are used 
in various courses but mainly in design courses and can be conducted individually or in groups. Although the 
predominant means of assessing remains tests and exams, there has been a distinct shift toward the use of 
projects. Projects can contribute significantly to the overall course mark in practical and design courses.   

3.2 Research approach  
The findings presented in this paper draw from two parts of a  larger triangulated case study. The original study 
consisted of a student survey, lecturer interviews and student focus groups to obtain a holistic view of 
assessment practices and how these influence student learning behaviours. The study used a qualitative 
exploratory approach to draw on individual and group experiences. This paper will draw specifically on findings 
from the lecturer interviews and student focus groups. The study aims to understand the decision-making and 
intentions of lecturers when designing and using rubrics and the students' experiences and intentions when 
tackling assessment tasks that use rubrics. The study does not focus on a particular module but considers 
students' holistic approach to assessment tasks since the orientation of a student towards assessment is 
influenced by their prior learning experiences (Biggs & Tang, 2011) and what happens in a particular course 
and around it (Boud & Soler, 2016). 

3.3 Lecturer interviews  data collection  
Semi-structured, individual interviews were conducted with ten purposively sampled lecturers in the School. 
Lecturers were posed with a series of open-ended questions designed to explore their perceptions and 
experiences of the overall purpose of assessment. These included factors that influence the design of 
assessment tasks; explicit and implicit criteria used to design and evaluate tasks; communication of 
expectations and criteria to students, feedback, experiences of student engagement with tasks, how well 
assessments evaluate the intended outcomes and how assessment could be improved. The interviewed 
lecturers teach a range of courses across all four years of study, including mechanics, engineering drawing, 
mechatronics, engineering design and laboratory courses and complementary courses such as business 
management.  

3.4 Student focus groups  data collection  
Focus groups were conducted using a protocol that encouraged students to reflect on both their own 
experiences and, where necessary, to comment on what other students might experience or do (Merriam, 
2009). The questions probed several issues, including students' overall approach to their studies in respect of 
different assessment tasks; how they knew what was expected from them in assessments; an example of a 
situation in which they were disappointed by an assessment, and how they reflected on this experience; forms 
of received feedback, and their response to feedback. Students were asked to reflect individually by writing 
down their thoughts on selected q uestions before engaging in the group discussion, allowing them to 
formulate their thoughts before being influenced by others  (Gibbs, 2007). The focus groups were facilitated by 
the researcher and observed by a research assistant. The sessions were recorded and later transcribed.  

The focus groups sampled all students in the School from the second, third, and final years of study. Four 
separate groups of students were chosen for the focus groups using maximum variation sampling (Cohen, 
Manion & Morrison, 20 11): a mid-performing group  (FG1), a high-performing group (FG2), a low-performing 
group  (FG3) and a group of students categorized as turnaround students  (FG4). The turnaround students 
performed exceptionally poorly in one year, followed by a year when the y performed particularly well. Emails 
were sent to students from all groups, inviting them to be part of the focus group on a specified day. The 
number of emails sent out was increased until five to ten students (Merriam, 2009; Cresswell, 2012) consented 
to be part of each focus group. A total of 22 students participated in the focus groups.  
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3.5 Data Analysis  
Recordings of the interviews and focus groups were transcribed and analysed. Focus group analysis included 
individual voices, and the sense-making that emerged as a shared understanding was developed in the group 
(Cresswell, 2012; Wilkinson, 2004). The original study tracked emerging concepts using a coding system linked 
to key supporting quotes (or evidence). This process was repeated for each transcript, comparing and adding 
codes when required. The identified codes and evidence were then captured into a case study database (Yin, 
2014). A comparative analysis was then carried out, clustered into topical categories informed by the literature  
(Merriam, 2009) until a set of emergent themes was obtained. To address the credibility of the findings, rich 
descriptions and evidence were used to support the claims. Surprising or 'outlying ' evidence was investigated, 
and rival explanations were considered when interpreting data  by referring to literature  and using peer review 
with two colleagues (Cohen et al., 2011; Merriam, 2009). For this paper, themes and codes that linked 
specifically to the topic of rubrics were extracted and are discussed herein. 

4 Findings and d iscussion 

4.1 Introduction to the findings  
Although there are indications that assessment is sometimes used as a learning opportunity, the predominant 
thinking in the School is assessment of learning, to evaluate the competence of students. This thinking frames 
most decisions that lecturers make when designing and using assessments. Lecturers aim to discourage the 
use of rote learning strategies and attempt to test if students have a deep understanding of  concepts by 
requiring students to apply their knowledge and understanding of concepts to new and unseen problems , 
often using real-world scenarios. Students indicate a preference for projects as they enable them to better 
understand concepts and are more relevant to the real world and the engineering profession. Student learning 
behaviours in the School are, however, dominated by a studying for passing paradigm where students 
strategically make decisions that will enable them to pass or obtain as many marks as possible, often at the 
expense of learning. Within this context, findings of particular interest to the topic of rubrics are discus sed. The 
quotations are referenced back to the data source, i.e., L1 representing lecturer 1 and FG1 representing focus 
group  1. 

4.2 Product or output -focused nature  
Lecturers describe an underlying set of skills that students are expected to exhibit. These align with the process 
of problem -solving and include: to understand and visualise complex problems, to source and understand 
relevant information, to apply appropriate concepts to analyse/solve complex problems, to integrate the 
problem into related systems and to communicate ideas. However, many lecturers describe the criteria used 
to evaluate students in terms of the specific requirements that the product that was being designed needed 
to meet or sections of a report rather than the outcomes that the student needed to demonstrate to be able 
to design the product so that the product met the requirements. Rubrics reflect this and are often designed in 
a way that provides criteria simply as mark allocations for each section of a report or task. Gibbs (1995) warns 
against using rubrics in a way that does not provide any indication of the quality of work that is required to 
achieve the marks that are allocated for a particular section. Furthermore, as the assessment criteria are 
product -oriented, they understate what students need to achieve and provide minimal scaffolding for students 
to appreciate the concept of quality in their work  (Sadler, 2010). Feedback also typically focuses on the product 
of the assessment task, indicating how the answer or design has not met the engineering specifications or 
requirements without suggesting what the student could have done differently to improv e the quality of their 
engagement with the task to deliver a quality final product. The feedback is, therefore typically aligned to 
"what" needs to be improved, a focus on the diagnostic element, and not the "how" of getting there, the 
bridging -the-gap element (Boud & Molloy, 2013). This simplistic view of criteria used in the rubrics disregards 
the process of learning and engagement, which affects feedback and student use of rubrics, including the 
development of judging capabilities and self -evaluative expertise (Carless, 2015).  
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The paper responds to the following research questions:  

Research Question 1:  What are the most significant risk factors for using PBL in collaboration with local 
companies when teaching engineering students?  

Research Question 2:   What are the probability and the impact of these risks and the global risk scores?   

Research Question 3:  What are the responses to high RPN risks, and how to combine the risks and conduct a 
sensitivity analysis?  

This paper is divided into five sections; the first introduces the concepts of the study, the second describes PBL, 
the challenges and Risk Assessment of PBL Failure, BBN (Bayesian Belief Network), AHP (Analytical Hierarchy 
Process), and Section 3 describes the Methodology, section 4 results, and section 5 concludes. 

2 Project -Based Learning  
Previous significant studies about PBL Methodology and Challenges in its implementation are presented in 
subsections 2.1 and 2. 2. 

2.1 Design of PBL Method  
Previous significant studies about PBL are presented herein. Moliner et al. (2019) developed a work focused on 
describing the experience of using PBL methodology in Materials Science courses conducted by four different 
Spanish universities on different engineering degrees. The author analyzed and evaluated how the PBL was 
perceived by the students and lecturers who participated in the PBL process. Setiawan (2019) conducted a 
study focusing on the implementation of PBL, specifically on the opportunities and challenges. The students 
choose their topic, identify it, explain why they choose it and solve the problem. Thevathayan (2018) presented 
an experience evolving a hybrid-teaching model by using the action research cycle plan-act-observe-reflect 
over three semesters. The main novelty of the approach was the use of projects with varying levels, which gave 
students an enjoyable and beneficial project experience. Marques (2018) proposed a formative monitoring 
method to help students be aware of their individual and team performance. The resu lts indicated that PBL 
effectively enhanced the learning experience in the instructional scenario studied. Schneider (2020) used PBL 
to enhance student engagement, and Daun (2016) discussed results from the long-term application of such a 
course design in a graduate setting. In addition, he indicated that project -based learning techniques foster 
different teaching goals in graduate and undergraduate settings. Du et al. (2013) developed a framework of 
change in educational culture by using a PBL methodology. This framework aims to inspire curriculum design 
for education and analyze the implementation of PBL in each cultural context. 

Palmer and W. Hall (2011) presented PBL offering in engineering PBL at Griffith University in Australia. The 
author observed that students generally enjoyed the experience, and the aspects needing improvement were 
listed and documented. García-Martín and E.Pérez (2017) presented a method to guide teachers using PBL 
principles and several instructional design models. In particular, the process deals with the definition of a 
problem facing three fundamental issues in active learning, especially in PBL: Students' Motivation, Supporting 
Students' Work, and Autonomous Working. The authors focused on academic contexts where instructors are 
starting to use this Methodology and students are not dealing with ill -structured projects. Du Bani et al. (2018) 
presented the main challenges facing PBL. The challenges included the type of projects, how to team up 
students, how to proceed with plannin g, how to swap planning outputs among teams, and how to implement 
a Project. 

2.2 Challenges and Risk Assessment of PBL Failure  
Previous significant studies about the Challenges of PBL are presented herein. The Henderson et al. (2012) 
survey mentioned that faculty are aware of student-centered teaching methods but find it challenging to deal 
with unexpected issues during the implementation phase. Thus, they often return to traditional teaching 
methods. Kjellberg et al. (2015) stated that implementing PBL is the holistic perspective of the project and that 
in most projects, the non-technical responsibilities are not clearly defined. The author says the complete 
infrastructure is not defined, probably due to a holistic project perspective and project management met hods. 
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The flowchart in Figure 2. shows the process map used by universities in conjunction with partner companies 
in PBL projects and the risks presented in each step. The letters in red represent the category of risks: C: 
Cognitive Learning Failure, S: Social Learning Failure, and T: Theory and Practice Learning. 

 
Figure 2. Structure in the conduction of PBL projects and risks. 

The risk factors were clustered into categories to establish the cause-and-effect relationship to the failure of 
PBL. The affinity diagram was used to organize the risk factors within three learning principles and nine 
categories, as Xiangyun (2013) suggested. Risk factors leading to each risk category were identified based on 
the researched literature, as shown in Table 1. 

Table 1. Risk Factors impacting PBL failure. 

Type Categories  
Risks 

Identification  
Risk Factors 

C: 
Cognitive 
Learning 
Failure 

CA: No Standardization of 
PBL Procedure 

C1 Lack of procedure for PBL process 
C2 Students and professors not appropriately trained on the PBL procedure 
C3 Lack of standard work for the execution of PBL's 

CB: PBL specific 
requirements not defined 
accurately 

C4 Poor explanation of expectations to students 
C5 Lack of background definition on principle behind projects  
C6 No clear definition of requirements  

CC: Wrong Choice of 
Project 

C7 Project complexity incompatible with time and resources  
C8 The project is not related to discipline  
C9 Workload too heavy for the student  
C10 The low ability of students (slow learners) 

S:  
Social 
Learning 
Failure 

SA: Team Building 
practices not used 

S1 Number of Students in project inadequate (too big or too small)  
S2 Project team members not equally strong 
S3 Assign students to teams rather than let them select the team themselves 

SB: PBL Professor not 
active in the project 

S4 Professor does not give feedback on the project 
S5 Nonexistence of guidelines for team operation in the project  
S6 Students not encouraged by professors 

SC: Team lack of 
Motivation  

S7 Some of the students not active in the project  
S8 No focus on the project  
S9 Relationship professor and student not good  
S10 Students and Professor lack patience and enthusiasm 

T:  
Theory and 
Practice 
Learning 
Failure 

TA: PBL Professor not 
prepared for the project  

T1 Professor does not support knowledge base construction. 
T2 Professor does not support Argument base construction. 
T3 Lack of professor technical content knowledge and experience  
T4 Professor has no industrial skills. 

TB: No definition of PBL 
records organization 

T5 Lack of definition for the project content organization  
T6 No definition of project report content  
T7 Problem-solving methods not defined  

TC: Students not 
prepared for the PBL 

T8 Students are not familiar with the specific process theory behind PBL.  
T9 Students have no knowledge of Quality Tools for problem-solving 
T10 Students not trained on specific PBL process 
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The probabilities for each risk factor were elicited from students and professors using a Google Form survey. 
AHP was utilized to compare the risk factors in each learning principle category pairwise. An interview process 
was conducted to obtain from profe ssors and students the degree of impact of each risk on the failure of PBL. 
The risk weight values (impact) were quantitatively calculated based on the completed pairwise comparative 
matrix. The empirical data was converted into mathematical models using a hierarchy table established by 
Saaty (2009). The relative importance of the risks is translated into the numerical pairwise comparison matrix 
shown in Table 2.    

Table 2. Hierarchy table 

 

 

 

 

 

AHP was utilized to obtain the impact for each risk and respective risk category. A pairwise comparative matrix 
was prepared, as shown in Table 3, for the Technical Learning principle, and similar tables were prepared for 
the other principles. An interview process was conducted to obtain from 3 professors and 6 students the degree 
of impact of each risk on the failure of PBL. 

Table 3. AHP for the Technical Learning principle 

 

 

The impact scores shown in Table 3 were color-coded using Table 4. 

 

Importance Definition  
1 Both elements are of equal importance 
3 Moderate importance of one element compared to the other  
5 Strong importance of one element compared to the other  
7 Very strong importance of one element compared to the other  
9 The extreme importance of one element over the other 
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Table 4. AHP 

 

 

The final risk index for each risk factor was obtained in the following way . As an example, considering Table 6 
(applicable to Theory and Practice Learning Failure), the probability for T1 is 0.7, and the impact is 0.05; based 
on Table 5, the probability rating score is (value: 4). The impact rating score is (value: 2) for the risk factor T1. 
Figure 2 is referenced to obtain the final risk index for T1. In this case, the final score is (value: 8), the product 
of 4 by 2. The risk index for the other Principles is calculated similarly. 

Table 5. Probability and Impact Score. 

 

 

The global risk score (index) was determined using the risk scoring matrix shown in Figure 2 (Hyun et al., 2015). 
The final risk index is obtained by combining the probability and impact.  

 
Figure 2. Final Risk Index 

The global risk score (index) for Cognitive Learning Failure, Social Learning Failure was determined using the 
same process. 

 

Table 6. Probability and Impact Score Theory and Practice Learning Failure 
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The authors weighted the probability values obtained with the survey  based on the respondents' experience, 
as shown in Table 7. The probabilities were then loaded into BBN software, and the probabilities of each risk 
were combined, allowing sensitivity analysis to define the most significant risk factor. 

Table 7. Experience Period (E) & Weight 

 

The probabilities were loaded into BBN software. BBN was used because the statistical causal structure was key 
to obtaining information about risk events to mitigate them. Charts in Figures 3 and 4 could be generated 
using the software. 

 
Figure 3. BBN combines all risk factors in the software 

 

 
Figure 4. Tornado Chart 
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The Tornado chart originated from BBN (Figure 4) shows that the risks with the highest probabilities are shows 
that the highest risk Index is C4 (Poor explanation of expectations to students), C5 (Lack of background 
definition on principles behind projects), and C6 (No clear definition of requirements). The actions to be taken 
for risk factor C4 are ensuring the procedure clarifies expectations to the Professor and students. The procedure 
needs to be detailed enough to ensure repeatability and reproducibility. The action for risk factor C5 is to 
ensure the procedure also covers the principles behind the projects. The detailed explanation of the objectives 
and targets of each project is crucial to keep everybody in the same page. The action for risk factor C6 is to 
ensure the procedure covers the definition of project requirements. If the project requirements are not defined, 
it is difficult to monitor and control the performance.  

5 Discussion of Results and Conclusion  
As proposed in the introduction, the study demonstrated that AHP in conjunction with BBN could be used to 
assess and prioritize the risk factors of PBL failure in future studies. An in-depth analysis of current literature 
about the subject allowed the identification of risk factors in this process. The preparation of a global risk matrix 
is proposed since it provides critical information considering identifying and prioritizing the potential risks that 
could cause PBL failure. It is an effective decision-making process for universities. This study shows evidence 
that PBL, in general, is subjected to a great variety of risks, some of them capable of compromising the teaching 
quality in the universities. Probabilistic risk analysis plays a significant role in understanding and implementing 
risk responses to avoid failure. An in-depth search for previous work dealing with risks in PBL was conducted 
and is described herein, and a model is proposed for risk assessment. This study is significant because 
understanding the significant risks in the PBL process can influence the decision of professors and university 
engineering school coordinators. Applying this innovative risk assessment method in the PBL process fills a 
gap in the literatur e since no previous work dealt with this specific subject. The contribution is significant since 
risk assessment in the PBL process permits decision-makers to assign funds for critical activities that can impact 
universities' teaching quality. As initially proposed, a model for risk assessment of PBL failure is being proposed 
that allows the combined application of AHP and Bayesian Networks to prioritize risks. The proposed 
application sought to analyze and define the primary risk factors and critical events that could lead to a failure 
in PBL.  

 In response to the first question, "1 - What are the most significant risk factors for using PBL in collaboration 
with local companies when teaching engineering students?" The most significant risks were identified. The 
Tornado chart originated from BBN (Figure 4) shows that the risks with the highest risk Index is C4 (Poor 
explanation of expectations to students), C5 (Lack of background definition on principles behind projects), and 
C6 (No clear definition of requir ements). The result of AHP for the Cognitive Learning principle shows that the 
most impactful risk factors are C1 (Lack of procedure for the PBL process) and C3 (Lack of standard work for 
the execution of PBLs). The AHP for the Social Learning principle shows that the most impactful risk factors are 
S3 (Assign students to teams rather than let them select the team themselves) and S6 (Students not encouraged 
by professors). The AHP for the Technical Learning principle shows that the most impactful risk factors are T3 
(Lack of professor technical content knowledge and experience) and T4 (lack of industrial skills). The AHP for 
risk factors categories shows that the most impactful risk factors are CA (No Standardization of PBL Procedure) 
and CB PBL specific requirements not defined accurately). 

In response to the second question, " What are the probability and the impact of these risks and the global risk 
scores? " The probability and impact (global risk scores) for all the risks are provided. The Probability and 
Impact Score for Cognitive Learning Failure shows that the highest risk Index is C1 (Lack of procedure for PBL 
process), and C2 Students and professors are not appropriately trained on the PBL procedure). The Probability 
and Impact Score for the Social Learning Failure shows that the highest risk Index is S3 (Assign students to 
teams rather than let them select the team themselves), S6 (Students not encouraged by professors), and S9 
(Relationship professor and student not good). The Probability and Impact Score Theory and Practice Learning 
Failure shows that the highest risk Index is T4 (Professor has no industrial skills) and T3 (Lack of professor 
technical content knowledge and experience).   
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Abstract  

This research was part of a Scientific Initiation Project developed during last year in the Industrial Engineering Program as 
complement of the undergraduate contents.  The purpose of this work was to encourage the adoption of the concept of 
Circular Economy by the companies regardless of your size in order to reduce environmental impact and help to avoid the 
malefic effects produced by the tailings discarded by the majority of the companies.  This research was based on an 
extensive literature review and on the formulation of a case study, which was implemented and fully assisted by the 
Cosmetic Bio Phito Therapeutical Company. Using the assistance offered by the Enterprise Resource Planning tool (ERP), it 
was possible to infer a mere substrate whose only purpose was to support the raw material that would effectively be used 
to an applicability that, besides being profitable, brought circularity to the operational flow.  The results obtained with the 
implementation of the Circular Economy brought to the company that was studied the opportunity to avoid inadequate 
waste management, in addition to a financial savings of around U$ 2,000 per month due the reduction of expenses with a 
material that, instead of being improperly discarded, was reprogrammed for practical use, through recycling. The research 
was developed using the Problem Based Learning (PBL) approach and hands on activities during all the work. 

Keywords : Circular Economy; raw material; Enterprise Resource Planning; recycled. 

1 Introduction  
Since the beginning, more specifically around 10 thousand years ago, the history of mankind was in the Upper 
Paleolithic period. A milestone in Prehistory in which the Cro-Magnon Man, a primitive population of the 
species Homo Sapiens, had already developed their first tools, still with limited sophistication, given the 
incipience and simplicity of the techniques used, defining characteristics of this revolutionary moment in 
History. 

From this point on, great waves were responsible for changing the course of humanity. 

From the stone age to the beginning of the First Industrial Revolution. The, until then, hominids left the 
savannah and began to compose a new class that emerged in History, called artisans, the first industrialists on 
a modest scale. 

Urban landscapes were radically changed, just as they made way for a vertiginous, unplanned urbanization, 
recurrent throughout Industrialization.  

According to Schwab (2018) the Industrial Revolution in the 18th century brought several transformations in 
the production means and in the European urban scenario. With the industrial rise, handcrafted manufactures 
and productions were quickly replaced by a scenario of incessant search for technological development, arising 
from the abundant thirst for productivity.  

Baine (2012) said that the Green Engineer must be one of the Engineering careers responsible to save the Earth, 
creating the infrastructure and means for impoverished countries to have access to clean water, electricity, and 
internet services to maintain the Sustainability of the planet. The circular economy is a concept of a true 
sustainable economy that it works without waste, save resources, and works with synergy with the biosphere. 

Instead of looking at emissions, subproducts, and damaged or unwanted goods as waste or garbage, these 
materials in circular economy become raw materials and inputs for a new production cycle. 
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In line with both pillars, a Case Study was also introduced. As this is still a little explored theme and little diffused 
in the market, opportunities for development in techniques and business models that apply Circular Economy 
in practice, as an inherent part of the production line, can be evidenced.  

A Chemical Industry, from the Cosmetology field, was selected for the deepening of this study and the 
introduction of the concepts of circularity in the daily life of a Small Business Company. Small businesses are 
made up of micro and small companies and individual micro companies. In Brazil there are on average 6.4 
million establishments and, of this total, it is measured that 99% are registered as micro and small company. 
That said, it is demonstrated as a niche of strong representation in the Brazilian scenario and as an opportune 
chance to be demonstrated through example, data and proven results, that it is an action whose applicability 
depends on few resources; low investment cost; and is still able to result in the reduction of materials held in 
stock, reducing storage costs, increasing the turnover of inputs and the protection o f the amount of its working 
capital. Finally, it ensures a better financial planning of the company and a redistribution of investments. Thus, 
the focus shifts to improvements in the production belt and, in a possible automation, in the means of 
production .  

This proves, therefore, the endless returns that are generated for society, in terms of sustainability and 
environmental preservation, as well as the positive cycle that is incited. 

According to what was said above, this study aims to demonstrate that the practice of Circular Economy should 
not be restricted to large industries, nor does it require the export of technologies to be feasible , on the 
contrary, implementing a system that brings circularity to the process allows all companies to have an 
experience of intelligent manufacturing, in which natural resources are saved, the destination of cash flow is 
reconfigured, and therefore new technologies arising from Industry 4.0 can be implemented, democratizing 
competitiveness within the national market it self. 

3 Applying Research in Engineering Education  
When focused on the educational context, this study addresses efforts to improve logical investigation skills 
and to improve the search for solutions to overcome the obstacles presented, which are intrinsic characteristics 
of an engineering education. 

Aiming to acquire this knowledge to conduct efficient research, with results that are tangible to reality, notes 
were taken on articles presented at the UNESP Symposium of Industrial Engineering (SIMPEP), in 2020, through 
which it was possible to understand more clearly the characteristics that differentiate Circular Economy from a 
Recycling Process, for example, among other details that highlight the importance of this concept today.  

It´s important to highlight some academic -scientific-cultural activities promoted by the Pontifical Catholic 
University of São Paulo, which were of immeasurable contribution to the formulation of this research. These 
activities consisted, mainly, of lectures and seminars that dealt with subjects of fundamental importance to the 
development and conclusion of the chosen thesis. Some of the subjects approached were The Future of 
Industry; Prototyping Technology Applied to Factory 4.0; Use of Technology in Small Business and 
Opportunities of Waste Management.  

Finally, the experience obtained by following the daily routine of the factory floor, in the industry selected for 
the application of the Case Study, was extremely enriching at the juncture of studies, aiming at a future training 
in the Engineering career. There, it was possible to learn about the manufacturing processes, how the 
organizational structure of a company works, the obstacles faced during production management, planning 
strategies and risk analysis, financial control, and, focusing on the theme of this project, the most appropriate 
methods of waste disposal and management. The purpose of the study was to reduce the generation of 
production waste to as close to zero as possible. This opportunity of  proximity with the cosmetics industry Bio 
Genetyc, also allowed to acquire the knowledge of using the Corporate Software ERP (Enterprise Resource 
Planning). This technology is becoming more and more usual in Engineering and, frequently, required in the 
management areas because it makes possible to analyse and follow up each step of a production process, 
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besides allowing a rigid stock control. The ERP tool helped, rigorously, in the monitoring of each result 
obtained. 

4 The Circular Economy  
Due to the usual logic of extraction, production, consumption, and disposal, humanity has submitted itself to 
a Status Quo limit situation. The, until then, trivial model of traditional and linear economy has suffocated 
natural resources and expressively mitigated the quality of life of the inhabited environment. Emerging as an 
alternative to contain the consequences that this and the next generations will be subject to face, a definition 
emerges in defence of the operating modes that surround the sustainable model.  

In 1989, what is today an integral part of the lexicon of the economy, namely known as Circular Economy, was 
born.  

Elaborated in an autonomous article by British economists and environmentalists David W. Pearce and R. Kerry 
Turner, it was demonstrated, through analysis, that the environment was totally disregarded in the unbridled 
search for the consumer market and the desire to gain a position of influence among the capitalist nations, an 
episode reinforced and contextualized in the midst of the Fall of the Berli n Wall (1989), which culminated in 
the end of the Cold War and caused, subsequently, the dissolution of the Soviet Union. 

At the time, the environment was bequeathed a secondary role, as a simple waste reservoir. Also known as 
"cradle to cradle", Circular Economy does not work with the idea of waste, after all, everything can be 
progressively reused in a new cycle. In other words, by designing the product design in its entirety before 
manufacturing it, it was possible to avoid the use of materials that cannot be reused, so that all creation returns 
to the production cycle, drastically limiting waste generation.  

According to the United Nations (UN) and the Circle Economy report, only 9 % of the global economy is 
circular, which in practice confirms that of the 92.8 billion tons of waste generated by industrial and residential 
means, less than 10 % returns to the production chain, that is, more than 80 billion tons of plastics, fossil fuels 
and biomass are inadequately disposed of to the environment. 

Essentially, Circular Economy is based on value creation through a "closed loop", in which industrial and social 
evolutionary concepts aim to achieve integral sustainability objectives in relation to a no -waste philosophy, 
starting from a regenerative system. 

4.1 The Waste Management Issue  
Waste, on the other hand, pragmatically suggests an extra cost within a corporation and, accordingly, has a 
negative impact on its reputation, depending on the type of disposal that is routinely performed. To this end, 
the Federal Accounting Council (CFC) has been orienting accountants to bring these environmental points to 
the balance sheet of their partner companies, aiming at the lowest wear and tear not only to the already scarce 
natural resources, but also to the very image of the corporation in question and, consequently, aspire to the 
protection of the balance sheet in view of inspection agencies, such as: the Civil Police, CETESB, and the Sanitary 
Surveillance. 

Currently, inadequate areas of final disposal, such as dumps, and controlled landfills receive an average of 80 
thousand tons of waste per day. These are 80 thousand tons that could be redirected and better used, by 
transforming them into by -products. However, the consequences for this phenomenon called, Inadequate 
Waste Management, are impacted soil; impacted groundwater; impacted rivers and lakes; spreading vectors 
and, because of these calamities, human beings are fervently impacted.  

Between the years 2017 and 2018, the generation of MSW (Urban Solid Waste) in Brazil increased by almost 
1%, reaching the mark of 216,629 tons per day. As the population also grew in the period (0.40 %), the per 
capita generation obtained a minimally reduced elevation (0.39 %). This means that, on average, each Brazilian 
generated a little m ore than 1 kilo of waste per day. 
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However, taking into account the contemporary atypical situation in which society has been subjected, it is 
important to take into account the change in this statistic, given that in 2020 and 2021 the number of food 
orders via apps will expand exponentially, causing a predicted increase in the number of disposable packages 
that lead to an extreme increase in waste originating in homes and likewise, as a reflection of the pandemic, a 
radical demand for hospital supplies. 

On August 2, 2010, Law No. 12.305/10, better known as the National Solid Waste Policy, was enacted and is 
fully responsible for organizing the way in which the country manages its waste, requiring from the public and 
private sectors transparency in the destination and treatment of its waste. This law establishes the principle 
that everyone, from the person in charge of receiving the raw material to the dispatch supervisor, is fully 
responsible for the management of these remaining materials. 

A viable solution to be undertaken and, increasingly, instituted in reference corporations in the market to  
encourage their competitors in the industry to apply the same strategy, is the so -called Reverse Logistics. 

This instrument consists in the economic and social development, characterized by a set of actions, procedures 
and means that enable the collection and return of solid waste to the business sector, for reuse in its production 
cycle or even proposing the realization of a new final route, this time, environmentally  appropriate. 

These procedures consist, respectively, in reusing or reprocessing the raw material for the production chain; 
waste generation by the manufacturer (during manufacture); waste generation by the merchant (during 
commerce); waste generation by the consumer (after use); disposal; voluntary delivery point; collection and 
recycling; reusing or reprocessing the raw material for the production chain. 

All phases, whether of manufacture, marketing, or use, can be returned and reprocessed for the creation of a 
new raw material, without necessarily having to extract new resources from nature and much less discard the 
old ones. 

The state of São Paulo has been one of the forerunners of the implementation and obligation of Reverse 
Logistics in more and more products with flammability risk or that, today, have an inadequate disposal.  

4.2 The Microplastics Issue  
Considered one of the most problematic, dangerous, and difficult to solve issues on this subject, special 
attention should be paid to the topic of micropla stics. 

The difficulty of the subject matter becomes clear when, upon reflection, it becomes possible to conclude that 
every little piece of plastic that has been created to date still exists. Even after reaching its degradation limit 
year, plastic will never completely disappear, it will only decrease in size. The problem lies in the fact that the 
smaller the material gets, the easier it is for an organism to ingest it without realizing it, and this can lead to an 
interaction with different chemical components as soon as it fragments.  

Microplastics, when dispersed in the ocean, are often found in plankton, which provide about 60 % of the 
oxygen found in the atmosphere by carrying out photosynthesis. However, since plankton in the pre -existing 
food chain relationship also serves as a subsistence for some species of fish, the fish ingest the plastic, and the 
plastic is automatically incorporated into man's food chain when he feeds on it.  

Recent research conducted by European scientists from the Medical University of Vienna has shown, by 
collecting human excrements from different countries, that all the excrements studied contained more than 
50,000 microparticles of plastic each. 

Demonstrating at last that the contamination of the garbage has reached our intestines.  

Actions admittedly capable of mitigating the existence of plastic in the seas consist of investments to enable 
the use, productively, of the new bacterium identified in 2016, which is called Ideonella sakaiensis 201-F6 and 
has the capacity to degrade PET, using it as its main source of carbon and energy. 

According to Bornscheuer (2016), if terephthalic acid can be isolated and reused, it could generate huge savings 
in producing new polymers, without the need for petroleum -based feedstocks. 
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enables it to store mechanical energy, making it, therefore, a pseudo-spring able to dampen the movement of 
objects inside the box during transportat ion, ultimately avoiding damage to them.  

Despite the addition of an extra procedure in the production chain, with the insertion of the fragmentation 
action, it was possible to verify a significant improvement and a true optimization regarding the amount of  
material spent, given the increase in volume caused, as well as in the improvement of aesthetics and the benefit 
of its new assignment. 

In short, an investigative process can be evidenced in practice, with a simple, effective, and easily absorbable 
solution in the day by day of an organization, in which by recovering all its production, a work of identification 
is carried out on which inputs, products, and methodologies are likely to be incorporated into the closed 
production cycle.  

When one acquires the ability, by observing the whole, to promptly search for the opportunities contained, a 
ridiculous raw material, in the eyes of the layman, is equivalent to the master key capable of solving an 
important humanitarian setback, in the eyes of the visionary. 

Thus, a mere support for the labels is transformed into a resource of unavoidable usefulness, which is 
interesting to highlight the fact that it is manufactured with waxed paper or impregnated with impermeable 
substances, configuring a non-recyclable waste and difficult to compost . 

In other words, the technique of certifying the safety provided in the transportation of goods was improved 
and new costs were avoided with the purchase of materials such as bubble wrap, whose average price to cover 
a small box is evaluated at US$ 0.04. When considering a production of 50 thousand boxes per month, it is 
palpable as a result the conception that just with the implementation of this simple addition of function to a 
material that would be discarded in the production cy cle, besides avoiding an inadequate waste management 
and an accumulation of materials improperly discarded in landfills, it also brings a saving of about US$ 
24,000.00 for the company per year. 

Therefore, the maxim that "waste is nothing more than raw material out of place" is proven. 

During the process I was present from the start of the Project till its final, working in all steps in activities hands 
on. 

6 Conclusion  
This work brings to me the opportunity to apply several concepts learned in classes and develop in floor of 
company, competences and  skills of engineering professional, based on the confluence generated by the 
bibliographical review, the field research promoted by the collection of data and experiences of partner 
companies in the segment, as well as on the empirical investigation on the others authors of this essay, 
demonstrated as a result the initiation of a transformation in the population's view of the Circular Economy 
theme, ranging from the micro company to the most knowledgeable CEO in the market.  

The consumer market is progressively more demanding in selecting which company value their investment and 
help to maintain the sustainability of the planet, preserving the natural resources in the production cycle, 
minimizing the impact generate d by the discarding and mitigation of the need for extraction of new inputs 
taken from the environment. In addition to the sustainable benefit granted to the planet, which will reflect 
significantly on society, the implementation and insertion of Circular Economy instinctively to the internal flows, 
is also able to promote a boost in its invoicing, from the economy provided in line with the profitability achieved 
due to the positive movement that had been promoted, and may even gain important highlights of real 
relevance to the agenda, raising and consolidating such a way, a consumer market even more reliable. 

Finally, this case study presented its role in offering the necessary subsidies for companies inclined to adopt 
such practices, and can be applied due its simplicity and, synchronically, with the endless constructive return 
that can be achieved, as evidenced in the calculations and analyses based on the data offered. 

Besides that, the implementation of this approach brings financial saves to the companies.  
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present and demonstrate through examples how Metacognitive Challenges (artefact) can be a strategy that 
helps teaching staff monitor students' metacognitive processes. We evaluated the examples by collecting data 
on their use with 32 students (out of 50 enrolled in the LDS) who agreed to participate in this research during 
the academic year 2019/2020. All students granted their authorization through an informed consent statement.  

4 Pedagogical design of Metacognitive Challenges  

4.1 Design and  implementation:  
Two types of Metacognitive Challenges (MC) were designed and implemented (Pedrosa et al., 2021) with 
different pedagogical goals, timing, and characteristics (see table 1), allowing both students and lecturer to 
monitor the cognitive and metacognitive learning process of students. 

Table 1: Differences between the two types of Metacognitive Challenges (MC) 

Dimensions 
MC Type 1 
Metacognitive challenges as fortnightly 
reflections about the learning progress 

MC Type 2 
Metacognitive challenges to promote self -
reflection about programming concepts  

Pedagogical 
Goals 

Stimulate self-reflection and self-assessment of 
students about: 
a) the learning progress. 
b) the development of the project.  
c) self-confidence about their work.  

Promote students' self-reflection on their ability 
to apply the knowledge they have acquired 
throughout the course, regarding the technical 
aspects of software development processes. 
Note: For the construction of these MC, in each 
topic, Bloom's taxonomy was used. 

Components of 
the 
metacognitive 
domain 

Regulation of cognition:  
Planning, monitoring (self-awareness), and 
evaluation (self-assessment).  

Knowledge of cognition:  Declarative knowledge, 
Procedural knowledge, and Conditional 
knowledge. Metacognitive experiences: Feelings 
and judgments. 

When it appears 
in the course  

At the end of each syllabus topic.  At key moments in each syllabus topic 
(beginning, middle, or near the end). 

Number of MC 6 12 
Format  Both types of MC have been implemented in Moodle, using the Quiz feature. In the introductory 

part, a narrative by the fictional Catmming character is used (Pedrosa et al., 2021) that triggers the 
student's reflection to respond and reflect through  prompts (questions in the quiz). 
The quiz includes Likert-scale closed questions (Very Low; Low; Regular; High; Very High), and open-
ended questions where students justify their choice or explain in detail the answer given in the closed 
question. 

Questions  Standard questions that are adjusted by 
syllabus topic and the expected development 
status of the software project. 

There are no standard questions. The questions 
vary according to the metacognitive goals 
defined for each syllabus topic.   

Usefulness for 
the lecturer 

It provides awareness of the student's 
perception of the learning regulation processes 
adopted throughout each topic. Identify the 
type of difficulties; Provide SRL strategies for the 
student (e.g., planning, time management, 
seeking help); Checking discrepancies 
regarding the level of confidence and self-
assessment with their appreciation of the work. 

It allows the lecturer to infer and formulate 
formative hypotheses regarding expected skills: 
whether they were developed, if knowledge was 
applied correctly, and understand students' 
feelings and judgments about their technical and 
knowledge skills. 

 

4.2 Demonstration/Evaluation: How metacognitive challenges help lecturers monitor 
and be aware of students' metacognitive learning processes?  

The Metacognitive Challenges (MC) provide awareness information to the lecturer about the cognitive and 
metacognitive processes of the students regarding their own learning. With this information the lecturer can 
define ways of acting/ intervene to provide formative feedback for the different situations that occur, in a 
personalized way (individually) or at the group (class) level.  
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