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Abstract  
Learning-by-doing or action-oriented learning has demonstrated to be an efficient didactical technique, 
not only to acquire knowledge, but also to motivate the students to learn about the specific topic. This 
technique is especially useful when the docent has to deal with blocks of didactical content that are, for 
any reason, less attractive for the students.  

In our case, we have carried out a role-playing game to deal with the implementation of Integrated 
Management Systems on a virtual company. The chosen company was a medium-size brewery. The 
students were considered to be employees of the company, and they were grouped into members of 
different departments, i.e.: human resources, marketing, finances, I.T., production, logistics and 
packaging. The students (virtual employees) were then gathered by the CEO (the docent) who is 
interested on implementing management systems of quality, food safety, environment, energy, safety 
and health, and cybersecurity; according to the ISO standards 9001, 27000, 14001, 50001, 45001, 
22000. For that, working groups with members from all departments are formed, and they have the 
responsibility to deliver week by week small deliverables that aim to prepare the company for the 
external audition that would grant the ISO certification to each integrated management system.  

The activity ended to be very suitable to handle the topic, which had traditionally risen low interest to the 
students. Students have shown deeply and more significant learning on the topic, and they have also 
enjoyed performing the activity 
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1 INTRODUCTION  
Learning by doing is widely accepted as an alternative to the conventional methods of teaching. This 
pedagogical tool is based on the development of a structure for teaching and learning called goal-based 
scenarios. According to this methodology, students are motivated to pursue an objective applying their 
knowledge to real-life simulation. This methodology tries to address the problems with conventional 
education through learning skills instead of imparting knowledge to the student. In other words, the main 
aim of learning by doing methodology is to create a model in which students learn “how to” rather than 
“know that” [1].  

Previous works have described the application of Learning by doing in the Chemical Engineering Degree 
concluding that it is a promising tool to develop the professional competences [2]. As pointed out by Ma 
et al. an engineer must learn using virtualization technology to develop their skills [3]. The development 
of other competences apart from competences of a chemical engineer is also desirable. For instance, 
the practice of competences associated with the scientific report writing and oral presentation should be 
promoted as an important part of learning-teaching processes [4].  

The course “Integrated Management Systems” of the 3rd year of Chemical Engineering undergraduate 
degree, includes the following content in the study plan:  

Part 1: Quality 

1 Selection of raw materials. 
2 Process variables. Process intensification. 
3 Final quality management. 

Part 2: Energy and environment. 

4 Waste management. 
5 Byproducts valorization. 
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6 Introduction to chemical production systems. 
7 Process synthesis analysis. The chemical plant: structure and components. 
8 Integrated energy management in the chemical industry.  
9 Waste management in the chemical industry. 

Part 3: Safety  

10 Chemical reactivity and instability. Chemical reaction failure. 
11 Storage safety. 
12 Risk analysis: spilling, leaking, fire and explosions. 
13 Toxicity. 
14 Safety from the process design. 

The content of the course is very ambitious, and students have found the course traditionally tedious. 
The objective of the new learning strategy reported in this work was to motivate the students to learn 
about the implementation of management systems of quality, food safety, environment, energy, safety 
and health, and cybersecurity; according to the ISO standards 9001, 27000, 14001, 50001, 45001, 
22000. With this aim, we carried out a role-playing game to deal with the implementation of Integrated 
Management Systems on a virtual company. 

In this work, the results for role-playing game as part of the learning activities carried out in the course 
“Integrated Management System”, in the 3rd year of the degree in Chemical Engineering are presented. 
The course has a very practical approach, where the students are learning the contents mainly via 
solving-problem-based methods [5]. The activity was focus on the introduction to Quality, 
Environmental, Safety, and Health and Energy Management systems, among others. Historically, this 
part of the course was exposed from the teacher, and the students showed an evident less interest due 
to the lack of practical excesses and the perception of being less important compared to the rest of the 
course content. 

2 METHODOLOGY 
At the beginning of the course, the students were introduced to the activity “role-playing a virtual 
company”. The chosen company was a medium-size brewery [6]. During the activity, that was intended 
to last the entire period of the course, the students take place of employees within the company, and 
they were set into specific departments, namely: human resources, finances, production, packing, 
marketing, I.T. and logistics. The students should contribute to the activity considering the department 
they belong, and therefore their “supposed” field of specialization.  

 
Figure 1 scheme the hierarchy organization chart for the company, including the department and the 

working teams. 
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In a second step, multidisciplinary teams were assembled, including employees from all departments. 
These working teams consisted of groups of workers assigned to contribute in the development and 
implementation of integrated management systems, namely: quality, environment, energy, food safety, 
safety and health, and information safety. With this set up, each student war role-playing and employed 
that belonged simultaneously to two different groups: one related to her department and the other to her 
working team.  

Figure 1 scheme the hierarchy organization chart for the company, including the department and the 
working teams. The course responsible (i.e., the professor) would play the role of the CEO, and therefore 
the direction of the company and the main responsible and the most interested person on the proper 
implementation of the integrated management systems.  

The methodology of the activity after the first day consisted on weekly deliverables from either the 
departmental groups or the IMS working teams. An integrated management system is a collection of 
business processes focused improving certain aspects of the organization. For example, a quality 
management system is focused on meeting customer requirements and enhancing their satisfaction 
with the company product. It was decided to use ISO standards as reference for the implementation of 
integrated management systems, due to their popularity and prestige [7]–[11]. According to this, the 
steps for a proper implementation and certification of ISO standards was followed during the weekly 
deliverables, that are summarized in the figure 2.  

 
Figure 2. Steps for the implementation of the integrated management systems.  

For the deliverables, the students were encouraged to practice their collaborative working skills. 
Additionally, the use of collaborative software was promoted, to facilitate the coordination between the 
members of the groups [12]. During every week meeting, the different groups were also encouraged to 
share their progresses, simulating a company meeting. In every moment, the mentality of non-internal-
competition was promoted during the activity, as one of the most important factors for a successful 
implementation if integrated management systems in the full involvement of the entire company, 
including the direction.  

1

•Data adquisition
•Diagnose of the current statyus of the organization
•Definition of the process map

2

•Documentation
•Politics of the management system
•Definition of the procedures
•Compilling the MS manual

3

•Establishment
•Communication and training withing the company
•Technical implementation

4

• Internal audit
•Corrections post audit

5

•External audit
•Certification
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3 RESULTS 
The most immediate positive result from the activity is a drastic increase of the motivation from the 
students related to the course content. The students engaged in the activity from the first moment, due 
to a boosting motivation related to the “real life” simulation. Different remarkable deliverables were 
attained during the course. For example, a web page for the company, (https://cervezasiq.wixsite.com/ 
home), and manuals for management systems, including recommendations for integrating the different 
systems. Students answered a post-activity test of knowledge acquisition consisting on 20 questions, 
covering the key aspects to be learnt during the activity, and the results of the test was on average 90% 
for the entire group, indicating a high level of significative learning during the activity. The grades of the 
test weighted 25% of the course grade.  

4 CONCLUSIONS 
Through the activity described in this paper, the teacher’s team have detected an increase of the 
knowledge acquisition from the group, together with the motivation, engagement and participation. 
Compared to other academic years, more students attended to classes until the end of the period and 
is was achieved a more significative learning of the course content. The activity will be repeated in 
coming years, enhancing the deliverables specifications, timing and company definition based on the 
current experience. 
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