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Abstract 

 

The educational model of the Tecnológico de Monterrey (México) is on transition; it 

focuses on a new way of organizing and evaluating the teaching-learning process. The 

TEC21 educative model is an academic exercise that strives on the development of 

competences based on solving challenges (ITESM, 2015). Our project focuses on 

presenting the preliminary results of an integrated evaluation of a semester (Semestre i) 

versus a final integrated evaluation. During the last semester of industrial and systems 

engineering undergraduate program, students at Tecnológico de Monterrey participated in 

a Final Assessment in order to measure the development of competences and skills 

corresponding to their profession. They solved a problem under time pressure conditions, 

external irruptions, theoretical and technical requirements that will be present in their future 

work situations.  

On the other hand, the exercise called “Semestre i” focuses on the student's relationship 

with the work environment, through solving challenges, oriented to develop competences 

(ITESM, 2017). Students live a continuous embedded assessment  within the resolution of 

a designated challenge through 18 weeks, monitored and evaluated by different 

stakeholders. It is important to highlight that results are presented periodically during the 

semester by the students which are under constant surveillance, working in teams and 

managing time and resources. 

In the final assessment, the results tend to be higher and with lower standard deviation 

when grading competences development. While the evaluation included in “Semester i” 

shows an increment in the differences between the student outcomes and with greater 

standard deviation. Integrated assessment has a natural "tuning" of the criteria that must be 

considered, with a particular emphasis on technical aspects. Such considerations tend to be 

ignored in the isolated assessment, where soft skills seem to be the most valuable 

competences considered by the evaluators. 
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Introduction 

 

Tecnológico de Moterrey’s mission is “We develop leaders with an entrepreneurial spirit, a 

humanistic outlook and a global vision” ITESM SP (2015) . This mission is completed through 

student's competencies development. Competencies are defined as the conscious integration of 

knowledge, abilities, attitudes and values,  ITESM (2018). In order to validate such development, 

assessment exercises has being deployed along undergraduate students curriculum. However 

different assessment approaches show inconsistent results regarding students historical 

performance. In some of the assessment exercises, considered good students (according to his/her 

historical performance)  may show results that places them in a lower level of development of 

competencies, meanwhile students considered inconstant (according to his/her historical 

performance) may show results that places them in a higher level of development of competencies. 

Such results not only give feedback to students but also are an important source of information for 

curriculum continuous improvement process. It is then essential to deploy assessment exercises, 

whose characteristics leads to accurate results. 

In the next sections we explore theoretical approaches that reinforces our proposal, based on the 

experiences acquired performing different assessment exercises in the frame of Tec21 educative 

model. 

 

Literature Framework 

 

According to Jacobs et.al (2018), the assessment center permits the competency level evaluation 

of the participants, which need to solve problems in a similar business environment where 

observers can see their performance and identify strengths and opportunities for improvements.   

The main objective of assessment center is to evaluate the participants in the key characteristics 

and competencies that enterprises want to observe in a potential collaborator. Commonly this type 

of exercises are held in a few hours, in a simulated environment and with the conscious of being 

observed. All those characteristics can interfere with the participants natural behavior, who may 

influence results. People trends to give the best impression and try to do what they think is expected 

by the evaluators/observers, influencing their opinion. This behavior at first was described by 

Erving Goffman as impression management in 1959, and Klehe et.al (2014) mentioned that this 

behavior is commonly seen and increased by participant in the assessment center exercises rather 

than in other no evaluated and observable situations, because people goes with the main objective 

of being noticed and pursued a great evaluation and the desirable outcome.  

 

The observer effect was very well documented for Elton Mayo, throughout the famous Hawthorne 

effect, talking about performance in a production plant.  However this effect is not only exclusive 

for production plants,  Jonathan S Myers et al (2016) presents a study about Impossibility to 

eliminate observer effect in the assessment of adherence in clinical trials. Myers et al (2016) Shows 

that an observer effect was not reduced,in three different variants in subjects adhered to taking 

their medications. As in medical treatments, in assessments conceived and announced to evaluate 

individual participating this observer effect produces an artificial behaviour that will disappear  

once the participants will not be longer monitored. Talking about assessment of competencies 

development, it is expected that individuals will behave in the observed way in any other similar 

circumstances either he or she will be observed or not. 
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According to Randy E. Bennett, one important aspect that should include educational assessments 

in the future should be the Greater Use of More Complex Tasks, he explains that the activities that 

characterize proficiency in a discipline often take the form of extended problem-solving episodes. 

Making a comparison with the new Educational Model proposed by Tecnológico de Monterrey, 

we can find that the students are located at the center of the model and that through solving 

complex problems or challenges, they will acquire knowledge and develop competencies. 

 

Specifically talking about the Semestre i program, the way of assessing the knowledge acquisition 

and competence development is through the constant evaluation of academic content and by 

solving real life problems inside an organization. Students need to use all the technical knowledge 

and tools learned in the classroom, and apply them in the resolution of a real-life case. The length 

of the Semestre i program is 18 weeks, so this time frame allows to have enough time for the 

students to analyze and understand the problem to solve, to define the most accurate solutions to 

it and to start an early stage of implementation of these solutions.This process would be almost 

impossible to repeat in a classic assessment session, where the time is limited and the tasks to be 

performed usually are not very complex. 

According to Foss (2003),  the tacit and socially embedded aspects of knowledge may come over 

the limits established by the  bounded rationality. In our assessment design, the level of complexity 

of the situation that students overlook may force them to face challenges if a number of 

competencies has been transformed into tacit knowledge. Therefore complexity must be present 

in an assessment exercise,  in order to force students to respond in a more natural and spontaneous 

way if the competencies are already embedded in their action-reaction reflex. 

Evaluators in a Semestre i Embedded assessment track students the long of a semester as students 

develop the project (challenge). Evaluators in the final Programme Assessment discover students 

the day of the evaluation.  Maria de Lurdes Calisto (2017) describe some behaviours talking about  

Senior-level Managers assessing employees talking about intrapreneurial behaviour. Calisto 

suggests that managers base their decisions on a fragment or subset of available information. 

According to Calisto, individual bounded rationality might be compensated by the short social 

distance. This argument is based on the assumption that contact between socially proximate 

individuals occurs at a higher rate than among socially distant individuals. Following with 

Calisto’s analysis, is the idea that social imitation process may help people make decisions with 

limited knowledge. It might be that senior-level managers base their assessment of employees on 

the clues they pick from other people within the firm, for instance middle-level managers. And 

finally, Calisto ads a third explanation might have to do with the nature of corporate 

entrepreneurship (CE) itself. CE might be more clearly understand under a social exchange 

perspective, more than under the bounded rationality perspective. A social exchange perspective 

highlights CE’s on-going, dynamic quality. Individual actions and decisions are thus seen in a 

relational context, suggesting that managers are continuously interacting with, and learning about, 

employees. This third Calisto’s argument matches in a better way with the assessments that 

happens the long of a Semestre i, in contrast with what happened in a Final Programme 

Assessment, where we can identify more with Calisto’s point 1 and 2. 

Dietel R.J et. al (2003) stated in his article “What Does Research Say About Assessment?” that an 

important characteristic of a good assessment is that it can be reliable and offer validity depending 

on the consistency of the results obtained. In the case of the Embedded Assessment results are 
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consistent because the evaluation is performed in a periodic manner and it did not show significant 

variations.  On the other hand, Final Programme Assessment is an isolated event and also it has a 

limited time frame to perform the evaluation..  

In the same order of ideas, Mohammad AL- Shehri et al. (2015) refers that the authentic assessment 

strategies has the best results by reinforcing actual learning by connecting students' learning with 

real life challenges and triggering students critical thinking. Al Shehri et al, points in how useful 

are actually assessment in which a student can be involved in certain activities to get more 

information about student's ability to apply what he has learned by using new and various 

situations. 

Analysis  

 

Considering the elements detailed in the Theoretical Framework and linking them with the 

assessment initiatives performed at Tecnológico de Monterrey, the proposal of this article can be 

focused on comparing the Semestre i exercises versus the final programme assessments executed 

during the last academic periods. The main premise is that the grades obtained by the students 

during the assessment are in general higher than the ones obtained during a complete semester of 

being evaluated (embedded assessment) observed in a Semestre i. 

 

First, we will start with describing the methodology followed on each exercise in order to have a 

general context and then we will present the grades obtained by the students on each one of them. 

 

Semestre i Projects 

 

The Semestre i is an academic program developed by Tecnológico de Monterrey and it is part of 

the new Educational Model Tec21. This format consists of developing an academic semester that 

combines experiential learning, theoretical modules, and challenges faced inside a company that 

participates as a formative partner. 

 

The students fulfill the set of subjects that they have to study during their 5th semester, and also  

develop disciplinary competencies facing problems and challenges in a real environment. Students 

work intensively during 18 weeks, the first 6 weeks of the semester inside the classrooms, and 

during the following 12 weeks they experience a period of total immersion inside the company. 

 

In March 2016, an agreement was signed between the company BOSCH Security Systems, located 

in Hermosillo, Sonora, and the Tecnológico de Monterrey Campus Sonora Norte, to jointly execute 

a Semestre i dedicated to both academic and competence development for students of the fifth 

semester of the program Industrial and Systems Engineering (IIS). 

 

Four teams of students were formed, they were supported by an ITESM Tutor, and a BOSCH 

engineer who served as a Mentor. The role of the Tutor was to monitor student learning and 

validate the development of Industrial Engineering disciplinary competences. The Mentor role was 

assigned to the Bosch members who were responsible of the areas where the projects were being 

executed, and their main responsibility was to be the linkage between the student and the operators 

of the area, they were also in charge of assisting the students and help them to become familiar 
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with the Bosch working method, the formats, reports, and technical language used in the plant, as 

well as to guide them in the planning and daily execution of the tasks. 

 

Additionally, the intervention of the Plant Manager was very important and decisive for the correct 

execution of the projects. During the weekly meetings that the management team had in Bosch, 

they assigned 15 minutes to the student teams for presenting their progress and receive direct 

feedback about their contributions. Undoubtedly, in these sessions the students faced their first big 

challenge since they had to be very precise and concise when presenting the information, also they 

needed to be very receptive to constructive criticism and the evaluation of their performance. 

 

The structure of the Semestre i can be appreciated graphically in the following figure, where the 

coloured boxes represent theoretical modules and the yellow sections the time assigned to solve 

the challenges: 

 

 
Figure 1. Distribution of academic modules, preparation and challenge times, of Semestre i "Industrial Engineering 

Squad in BOSCH". 

 

 

The evaluation instruments used during the Semestre i were not only exams or practices, but also 

there were used individual logs, essays, technical reports, and presentations. We can then talk 

about an Embedded Assessment. The application of these instruments required a close 

accompaniment of the teachers, who conducted weekly interviews with each team member, to 

ensure progress in the development of skills, and give the proper feedback to the students. 

 

Also, a percentage of the evaluation was provided by the mentors of the company, they were in 

constant communication with the students and they were validating the solutions and 

improvements during all the project. 

 

Final Programme Assessment 

 

The Final Programme Assessment consists of a 4 hour session where the senior students have to 

solve an academic case related to Industrial Engineering and their performance is observed by 

experts and employers from the most important companies of the region. The session is divided 

into three main moments, the first one includes an introduction to the case for the students and 
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their initial analysis of it. The second moment allows the students to decide which concepts or 

Industrial Engineering tools should be used to solve the case in the most efficient and optimal way. 

And finally, the third moment where the results are presented to the evaluators and they provide 

individual feedback to the students about their performance and recommendations of personal 

improvement. 

 

For this exercise, the evaluation was made by the experts and employers that were previously 

defined, they did not have any prior information about the students in order to avoid any kind of 

prejudice or misconception. 

 

In Table 1, we map the characteristics observed in each type of Assessment, based on our literature 

framework. In such table, beyond the duration, we pound the level of each Characteristic’s 

influence, as Weak, Medium or Strong. 

 

Characteristics Embedded Assessment Final Programme 

Assessment 

Length 18 weeks 4 hours 

Observer effect Medium Strong 

Reliability and validity Strong Medium 

Social distance Weak Strong 

Social imitation Weak Strong 

Social exchange Strong Weak 

Table 1. Characteristics of Embedded Assessment and Final Programme Assessment 

 

Results Analysis 

 

Using the evaluation results obtained from both the final presentation in the Embedded assessment 

(Semestre i), and the Final Programme Assessment’s, we present a statistical analysis, comparing 

both exercises. 

 

In the case of the embedded assessment we are using a set of 15 students’ results. For the final 

Programme Assessment, we are counting a total of 24 registers. In both cases we are considering 

five  aspects to evaluate: 1) Problem identification, 2) Diagnosis, 3) Action plan, 4) Knowledge, 

and 5) Presentation.  

It is interesting to remark that 13 students were involved in both assessment exercises. 

 

Data sample was analysed with the statistical software Minitab, first of all, descriptive statistics 

were obtained for each aspect in both exercises, Final Programme Assessment results are Type A 

and embedded assessment (Semestre i) results are Type I, as shown in Figure 2. 
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Figure 2. Descriptive Statistics for Type A and I results 

 

According to information obtained for this first case, in all aspects, bigger variances identified, are 

from Semestre i and the bigger means are in Final Programme Assessment exercise. Also it can be 

inferred that means are similar, but variances might be different in some aspects. As shown in the 

Boxplot in Figure 3, when comparing Type A and Type I assessments, the dispersion is particularly 

different for the Identification, knowledge and Presentation, also the levels’ average seems to be 

different as well. 

 

 
Figure 3. Boxplot for Results Assessment Type A and Type I  

 

Levene’s method was used to compare variances of both exercises, type A and type I, due to the 

sample size and distribution. 

 

Initially, our first hypothesis was that the average variance would be significantly different when 

comparing both exercises, however the two variances test showed that the average variance was 

not considered statistically different (Figure 4). 
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Figure 4. Test for two variances: Average for Type A and Type I 

 

As a next step, we deployed an analysis splitting the five different aspects. The variance’s analysis 

shows that only Knowledge (Figure 5) and Presentation (Figure 6) are significantly different. 

 
Figure 5. Test for two variances: Knowledge for Type A and Type I 

 

 
Figure 6. Test for two variances: Presentation for Type A and Type I 

 

 

 



9 

Conclusion and discussion  

 

Regarding Figure 4, the Average comparison of both exercises, even when the difference is not 

yet significant, it is still interesting to observe the level of dispersion. A new analysis containing a 

greater number of elements in a sample, as well as a more accurate election of aspects to evaluate, 

may reveal new precision in the future.  

 

Regarding Figure 5, talking about Knowledge, it is confirmed that a significant difference between 

variance in results from both exercises was found. Additionally, an important dispersion range is 

observed in the Embedded Assessment, while in the Final Programme Assessment the range 

suggested a greater homogeneity in the competency evaluation level.  

 

Regarding Figure 6, talking about Presentation, it is also confirmed that a significant difference 

between variance in results from both exercises was found. In this case, as well, an important 

dispersion range is observed in the Embedded Assessment, while in the Final Programme 

Assessment the range suggested a greater homogeneity in the competency evaluation level.  

 

According to these results, it is suggested that the Embedded Assessment’s features allow more 

differentiation within the performance levels of the participants that are being evaluated.      

 

Since the participants of this evaluation process are particularly undergraduate students, the main 

objective is to provide feedback about the present status of the competencies development and 

gives academics valuable information in order to achieve continuous improvement. So, according 

to the present analysis, Embedded Assessment seems to be the more suitable exercise.     
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