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Abstract  
The goal of this work is to describe the strategies adopted to develop, strengthen and to evaluate the 
competencies and skills of undergraduate students majoring in Chemical Engineering at the 
Tecnológico de Monterrey, Campus Estado de México. The educative model used in this work, helps 
to identify, develop and evaluate the competencies stablished by the institution through a strategic 
plan based on scheduled activities during three stages over the undergraduate period. The first stage 
is focused on the basic knowledge and development of competencies, while during the second and 
third stage, these competencies are enhanced and evaluated. Finally, the results on the progress and 
performance of students during these stages, are presented.      
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1 INTRODUCTION  
According to the world economic council, there is a lack of leadership in the professional environment 
around the world (Weforum, 2017). Additionally, there is a great need in our country to solve social 
and economic issues that make difficult for Mexicans to improve their quality of life. For these reasons, 
the following question should be addressed by our academic institutions, what are the competencies 
and knowledge required by engineering students so they are able to achieve success in their 
professional lives and also to help in contributing to the solution of the major problems of our nation?  

Several studies indicate that the main skills that should be enhanced or developed in our students, are 
problem solution skills, communication, leadership and social awareness skills (Argudín 2005). 
According to Ramírez (2016), it is important to develop social consciousness related skills in order to 
provide beneficial assets to our community from our students. Martell (2007) indicates that leadership 
skills are needed so that our engineering students can take part on the solution of problems related to 
our society. For this to happen, the students must develop leadership sub-competencies such as 
assertive communication skills, the ability to organize and work in teams, to support and sustain 
adequate relations with others, to search and analyze research data and self-critique among many 
other skills. 

As a result on the lack of leadership skills in undergraduate students, the Educational Model, Tec21 
from Tecnológico de Monterrey has been elaborated during the last four years. The goal of this model 
is to develop disciplinary and transversal skills in our undergraduate students, so they can be the 
future leaders our society demands (ITESM, 2012). The students and professors constitute the central 
part of this Model. The professors can be seen as facilitators that promote the use of technology, that 
are innovative and proactive. 

The students must gain knowledge so they are able to find innovative solutions to real life situations. 
Through this model, transversal competencies are defined, which are relevant to the real world, such 
as: ethics, citizenship, commitment to the environment, entrepreneurship abilities, leadership, self-
confidence, proficient in the English language and excellent oral and written communication skills.      

Leadership is defined as a set of qualities that can make a person appealing to others due to his/her 
congruency, and becomes an example to follow. Usual behaviors that can be identified on a leader 
are: proven creativeness and self-awareness in such a way that he or she acts with great 
assertiveness, proactivity and efficiency for handling his or her own emotional intelligence.  

Figure 1 shows the competencies that will be enhanced on each student that is enrolled in our 
institution. The most important disciplinary competencies that will be developed on the students 
majoring on Chemical Engineering are: design of chemical processes, use of equations and diagrams 
for modelling several phenomena, sustainability, understanding of energy and mass balance, among 
others.    
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Figure 1. Competencies that will be developed on the students of ITESM. 

A model based on three stages of equal duration (Swain, 2009), is adopted in order to evaluate the 
progress of the students competencies for the duration of their undergraduate studies. During the first 
stage, a diagnosis of the students’ competencies is made through a test, based on the predictive index 
of behavior (PIB). Afterwards, a plan of life and career is stablished where the student states his or her 
vision of things, activities for success and competitive advantages are enlisted, strategies for boosting 
his or her competencies are developed and a major plan with annual goals is elaborated. The goal is 
to have a strategic plan at hand for the student’s personal and professional growth, so the student will 
be able to accomplish his or her own goals.  During this first stage, the student works with curricular 
and extracurricular activities that boost his or her abilities as shown in Fig. 2. 

During the second stage, a follow-up of the student’s achievements is performed and the PIB is 
applied again, the student works on specifically designed company related projects, and they take part 
on contests related to their major. For example, in order to enhance the leadership and 
entrepreneurship competencies, the students participate in the “Social Innovation Challenge” contest. 
This activity is one semester long where the students are able to develop their social consciousness 
by analyzing and proposing solutions to problems related to our society (ITESM, 2013). 

On this stage, the progress of students is evaluated through an activity called “Development Center”. 
The goal of this activity is to determine the gaps that are present on the student’s development of 
competencies, in order to stablish a plan of action that allows to obtain the minimal levels of progress 
or accomplishment at the time of his or her graduation. 
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Figure 2. Stages through the student’s major studies. 

The third and last stage is devoted to strength the student’s competencies through challenging related 
activities. Most part of the courses in which the student is enrolled are focused on the progress on 
their disciplinary and personal competencies. Finally, the PIB is applied for the third time. 

At the end of this stage, the students are immersed on a major activity called “Assessment Center”, 
where a series of exercises specifically designed to evaluate the competencies level are applied to 
teams and individuals. These exercises are designed to detect specific skills, and complete 
information about the potential of each person is obtained. Additionally, these tests or exercises are 
very similar to the problems that students will face during their professional life, so it is possible to 
observe the students’ performance on real life situations.  

This assessment helps into validate the evaluation of the student’s competencies because 
weaknesses and strengths can be identified through the comments provided by several judges who 
are proficient on every competency that the students must show during their performance on this test. 
The teams of judges are formed by professors and specialists from the human resources sector of 
several companies. This offers a more objective evaluation on the student’s development of 
competencies. Additionally, since the procedure of this test is standardized, the results from the 
evaluations between different teams and generations of students can be compared. 

The general design of the Competency related model is shown in Fig. 3. We show the timeline for 
each stage with the mentioned activities and evaluations scheduled for each generation of students. 
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Figure 3. The model of competencies. 

2 METHODOLOGY 
We analyzed the development of competencies through the study of three generations, with a total of 
70 students between 18 and 24 years of age, of which 28 of them were women. Results were 
obtained through a process that was elaborated on three stages. 

All freshmen students, majoring in Chemical Engineering were interviewed during the first stage, and 
also the survey PIB was applied. The first survey considers questions on disciplinary knowledge and 
competencies of freshmen students. The PIB is useful to predict the natural talent of each student, 
relative to the standard competencies previously defined on the Competencies Manual of the 
Chemical Engineering Major. The PIB test evaluates the skills associated with the competencies 
developed at the time of graduation. Each skill is evaluated within the range 1-4, where 4 represents 
an excellent development and 1 represents a level where the students requires major improvements. 
With the outcome of this test, a long- term plan is elaborated to enhance the student’s skills.  

During the second stage, the progress on the transversal and disciplinary competencies is evaluated 
through another PIB test and an activity called “Development Center”. Through this activity, the 
students deal with several situations. A group of observers, evaluates the students’ behaviors through 
an evaluation form that considers several skills, such as: teamwork, leadership, oral and written 
communication skills, use of technology, the use chemical engineering related tools for the solution of 
problems, etc. 

On the last stage, the students have to face a new challenge called “Assessment Center”. A group of 
observers such as professors and staff from public and private companies, evaluates the students’ 
behaviors through an evaluation form. Throughout this stage, the PIB test is applied and the progress 
achieved by every student is registered.  

These activities are designed by the staff of the Chemical Engineering and the Institutional 
Effectiveness Departments from the Tecnológico de Monterrey. 
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3 RESULTS AND DISCUSSION 
The results obtained from the PIB test by three generations of students, are shown in Fig. 4. Ethical 
behavior (EB), social consciousness (SC), commitment with the environment (CE), oral and 
communication skills (OC) do not show any significant change. However, entrepreneurship and 
innovative capacities (EI), leadership (L), self-confidence (SC) and global perspective (GP) show a 
significant level of progress. This outcome may result from the enhancement of problem solving and 
leadership skills in which is focused the strategic plan of competencies on three stages, developed by 
the educative model proposed in this work. Additionally, students are immersed on activities where 
they are motivated to learn, innovate and learn by themselves. As a result, the students are able to 
gain self-confidence on their skills to communicate and transcend.  

 
Figure 4.  PIB’s Global Results. 

The global results from several competencies observed by judges from the industry and the academic 
staff, are shown in Fig. 5. The last generation of students is observed to perform better than previous 
generations. On the one hand, the last generation of students being involved in more curricular and 
extracurricular activities, where they are able to work and analyze their personal skills, may explain 
this result. On the other hand, the theory-practice related work was enhanced by the staff of the 
Chemistry department. On this graph, it can be observed that the students from the last generation 
have a better performance on the elaboration of flux diagrams (FD), chemical processes analysis 
(CPA), knowledge on the ethics code (EC), teamwork (TW), effective communication skills (EC), 
English proficiency (EP) and leadership skills (LS). 

The results from the Assessment related activities applied to three generations of chemical 
engineering students are shown in Fig. 6. On this figure, the results show that students are able to 
graduate with good ethical, teamwork, leadership and innovation related skills. These results may be 
obtained because the institute promotes these type of competencies in most of the courses and 
extracurricular activities. On this graph, (EP) stand for experimental process and the other 
abbreviations have the same meaning as in Fig. 5. 
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Figure 5. General results on transversal and disciplinary competencies shown  

by the students during the Development Center activity. 

 
Figure 6. General results on transversal and disciplinary competencies shown  

by the students during the Assessment activity. 

4 CONCLUSIONS 
This work has been developed through the last three generations of students, majoring on Chemical 
Engineering. The strategic plan of organizing the undergraduate studies in three stages has 
contributed to obtain a more objective and standardized form of evaluating disciplinary and transversal 
skills. On the one hand, to enhance the first type of skills, we have used real life situations where the 
students are evaluated by judges from the academy and industry. On the other hand, the results 
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obtained in this work are helping to focus the Chemical department efforts into the improvement of our 
program’s quality offer.  On the other hand, it is observed that newer generations of students are able 
to show a slight development on their transversal skills. However, leadership skills have shown 
significant improvements on the last generation, when compared to older generations of students. 
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