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Refined active learning to reliably
grasp Control Systems and
Mechatronics at undergraduate
level via a robotic hand

Ricardo Zavala-Yoé'*, Bernardo A. Urriza-Arellano?,
Edgar O. Lopez-Caudana® and Ricardo A. Ramirez-Mendoza?

Instituto Tecnologico de Monterrey, Campus Ciudad de México, Mexico City, Mexico, ?Instituto
Tecnologico de Monterrey, Campus Monterrey, Monterrey, Mexico

Even with many innovative learning methods, a clear, efficient, precise, and well-
defined process to teach Mechatronics is still lacking. Although definitely Active
Learning (AL) shows up offering a lot of possibilities in this sense, we consider
that an improvement is still necessary. We propose here a careful monitoring
scheme assisted by specialized software and hardware to achieve this goal.
We called such a method Scientific-Technical Software Assisted Active Learning
(SciTSA-AL). In this sense, the curriculum for this subject now incorporates the
modeling, control, and construction of a mechanical hand. For this, the course
content was divided into 10 weekly topics with two exams and a project each,
keeping the final session to show the controlled robotic hand. As we paid a lot
of attention to proposing intermediate projects that could adequately converge
to the construction of the hand, we investigated the difference between the
grades of the P projects and the X exams; A = X — P. Thus, our purpose was
to conduct a statistical study to verify if the medians of A were significantly
different from 0. This result was true at 5% of level in seven out of nine groups,
indicating improvement via P. Afterwards, key groups 2009, 2021, and 2022 were
contended similarly. Significant differences to zero were found in groups 2009
vs. 2021 and 2009 vs. 2022 (progress), but not in 2021 vs. 2022. Thus, our novel
SciTSA-AL design via P succeeded at 95% of confidence in most cases. The
complete development is described in this document.

KEYWORDS

refined active learning, robotic hand, scientific and technical software, Mechatronics,
Control Systems

1 Introduction

Mechatronics (mechanics+electronics) is a branch of engineering that combines
mechanical, electronic, and electrical engineering, as well as computer science (Escudier
and Atkins, 2019). Despite being very attractive to students due to its applications,
achieving a real understanding of the concepts involved is not an easy task. Many students
consider Mechatronics and Control Systems to be the most difficult courses. Sometimes
this happens as a result of the attitude of some apprentices who consider that engineering
careers imply the exclusion of fundamental theoretical training. However, even when
students do understand the abstract component, the relation of it with the application
becomes challenging (Bernstein, 2002; Ziemann et al., 2022). Think, for example, of
a typical mass-spring-damper structure that is introduced after the explanation of a
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quarter-car suspension. The link between an automobile
suspension and an idealized second-order lumped system is
almost direct; however, associating more complex structures with
a transfer function is another matter. Since the bricks to construct
more elaborate knowledge (control design, for instance) are made
in the initial conceptual stage, we propose to carefully supervise
this key part supported by scientific software. We consider in this
document that, with the continual help of specialized software
throughout the Active Learning process, the real understanding
of a mechatronic system is reliable as long as such software
accompaniment is carried out from the most basic stage, as we will
explain later.

It is undeniable that the first modeling and control computer
packages that appeared helped a lot to understand the design of
the control system. The first versions of MATLAB, SIMULINK
(Mathworks, 2022), MAPLE (MAPLESOFT, 2023), DERIVE (del
Pais Vasco, 2023), and SIMNON (Astrom, 1995) were key
to unify theory and simulation practice. Even without actual
implementation, apprentices were able to analyze computational
simulations of many systems without the advantages we have today.
During the 80s and 90s, it was common to run MAPLE, SIMNON,
and DERIVE in a DOS environment. MAPLE (introduced in 1982)
was a novelty as a symbolic calculation resource. DERIVE (1988-
2007) was also an option for this kind of computation. SIMNON
was first exposed in Elmqvist (1972) and was mainly intended to
simulate non-linear systems in a very natural way; i.e., following
almost a direct writing from math notation to the computer.
These packages were also useful to show numerical implementation
of several modeling and control perspectives. In addition, these
resources were very helpful to provide a solid background to reduce
the gap between theory and (computational) practice (Zavala-Yoe,
2008). In this way, students could vary parameters, the simulation
time of given plants and controllers. Obviously, this fact was a
step forward compared to past generations. If the latter could
be complemented with MATLAB and SIMULAB (Grace, 1991)
(former SIMULINK), then the conceptual modeling-control nexus
could be established. Afterwards, in some other course, an actual
implementation could close the theoretical-practical learning path.
So far, we have been contemplating the software-assisted learning
process without paying direct attention to any modern Active
Learning (AL) method. As far as we are concerned, AL schemes
explicitly designed to teach Mechatronics or control systems are
rather scanty.

Definitely, there do exist reports that describe proposals about
how to teach particular areas of Mechatronics or Control Systems,
but these approaches (from our perspective) work in special
circumstances. For instance, in Shahini and Mohsen (2013), an
app was developed to teach Programable Logic Controller (PLC)
programming. The interactive application consists of two parts:
the students electronic devices and a front-end website where the
teacher has control over launching quizzes and demonstrations.
Student’s responses are received through the same resource. This
is a clear example where a specific part of automation is taught
using new technologies, but although AL is mentioned, no explicit
AL technique is developed. A more general project was prepared
in Lehtovuori et al. (2013), where AL was implemented to teach
basic Electrical Engineering courses. It is worth mentioning that
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this document highlights certain courses that demand a high degree
of abstraction are not perceived as motivating among students, and
as a consequence, trainees quickly get bored or even drop out. This
fact is partly due to poor preparation, and all this is aggravated
without additional motivating tools, as we established from the
beginning. The authors mention that the latter improved with AL
and by the inclusion of engineering software. Nevertheless, a more
concrete study to teach basic Control Systems using AL methods is
given in Patete and Marquez (2022), where Wolfram Mathematica
(Wolphram, 2022) was utilized for this purpose. Authors mention
that animations were very important during their development;
however, this key factor was used up to the moment of dealing
with a Control Systems course. A more complete perspective is
provided in Alvarado (2006), where a computational platform is
developed to simulate a DC motor controlled by a PID structure.
This part is useful to build a prototype. As we see, a program is
designed to simulate the controlled DC motor, but again, the basic
mathematical modeling phase is not relevant for this stage.

Paradoxically, in search of a more general and structured point
of view, the literature seems to make a quantum leap toward too
generic reports. For instance in Freeman (2014), the hypothesis
that lecturing maximizes learning and course performance is tested
via meta-analysis of 225 studies that reported data on examination
scores or failure rates when comparing student performance
in undergraduate students in the fields of science, technology,
engineering, and mathematics (STEM) under traditional lecturing
versus active learning. No descriptions of specific hands-on
activities, just mention of occasional group problem solving,
worksheets or tutorials completed during class, and workshop
course designs. On the other hand, although in a general method
to implement Active Cooperative Learning and Problem-based
Learning in an undergraduate Control Systems course is described
(Jayaram, 2013), particular activities are also portrayed. In the
sense of general perspectives, in Rojas-Palacio et al. (2022), active
methodologies to teach Control Systems are offered. There, a link
between educational methodologies and students learning styles
is shown, arguing that students can understand concepts with a
high level of abstraction. Additionally, AL methodologies from
an engineering perspective are proposed with a review of the
literature on the use of AL in Control Systems. The considered
AL process is complemented with laboratory practices, but from
a particular perspective.

The novelty we propose here is improving the AL process in our
classrooms via scientific and technical software, from the modeling
stage up to the controller design. More concretely, the modeling
part is enriched with MAPLE for symbolic computations. Later, a
CAD package (AUTODESK FUSION 360; Autodesk, 2023) is used
to design actual mechanical pieces that will define a mechanical
structure. These pieces are imported from SIMSCAPE to create
3D animations in the MATLAB environment. This fact has the
advantage of observing time responses as well. The controller
design is planned via MAPLE (again), to finish it with MATLAB,
SIMULINK, and SIMSCAPE to visualize the 3D model moving
properly by a controlled action. The software part finishes here,
and with this experience, an actual controlled model is built and
governed via a microcontroller. Hence, in addition to a proper AL
organization, the motivating part of very specialized software is
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always present with a closing hardware phase. The organization is
as follows: Section 2 gives a quick review of specific AL techniques
for Control Systems and Mechatronics, opening the door for the
details of our SciTSA-AL provided in Section 3. The results of
that are analyzed in Section 4, and this is complemented with
a Discussion in Section 6. Finally, conclusions are offered in
Section 7.

2 Learning and active learning: the
case of Control Systems and
Mechatronics from SciTSA-AL
perspective

According to de la Lengua Espanola (2023), learning is defined
as acquiring knowledge of something through study or experience.
From the same reference, knowledge is defined as finding out
through the exercise of intellectual faculties, the nature, qualities,
and relationships of things.

AL is defined as any method of instruction to engage students
in the learning process. This implies that scholars have to develop
relevant tasks and reflective processes about what they do. Thus,
in AL, the essential constituents are the students activities and
the commitment to the learning process (The University of
Manchester, 2023). We would like to point out that this report
did not follow a traditional protocol in education; that is, selecting
experimental and control groups. This happened because, in 2009,
we had no plans to organize such an investigation. We suddenly
realized that our students showed many serious deficiencies
(mainly in mathematics). As a result, we had to quickly implement
and design alternative and motivating Active Learning actions to
meet this challenge.

2.1 AL methodologies for teaching Control
Systems and Mechatronics integrated to
SciTSA-AL

In this section, we explain how we selected the main AL
techniques that were incorporated into our SciTsa-AL method.
In this sense, it is well known that there are several approaches
identified as AL, and each one has its pros and cons.

Moreover, there is some overlap among them. As a
consequence, some authors propose to consider AL as a
perspective instead of being a rigid procedure. Thus, each
viewpoint can be evaluated separately (Kovecses-Gosi, 2018). In
this spirit, classification of AL varies from author to author. For
instance, Cattaneo (2017) groups five AL pedagogies based on six
constructivists elements (Nola et al., 2006) as follows:

e Problem-based learning (PBL). A problem induces what
participants must investigate. The to-be-solved-problem arises
from an observable occurrence. It focuses on gaining new
knowledge, whereas the solution is less important (Cornell
University, 2023).
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Inquiry-based learning (IBL). It is a style of AL that fosters
apprentices to ask questions, conduct research, and explore
new ideas (The University of Manchester, 2023).
Discovery-based learning (DBL). It is a way of IBL and is
contemplated as a constructivist-based perspective (Klahr and
Nigam, 2004).

Project-based learning (ProBL). The project is separated into
tasks that will lead to the fabrication of a final invention. What
is important is the end product (Boston University, 2023).
Case-based learning (CBL). Knowledge is applied to real-
world situations to promote working together as a group to
examine the case (Queen’s Univeristy, 2023).

According to Cattaneo (2017), it is established that each
approach is student-centered, but the viewpoints vary quite a bit
in their implementation. However, Prince (2003) considers the
following categorization:

e Collaborative learning (CL). CL is a technique of teaching
in which participants work in teams scrutinizing a crucial
question or creating a relevant project (Queen’s Univeristy,
2023).

Cooperative learning (CooL). CooL is a special type of CL.
In CooL, students work together in small groups on a certain
organized activity. They are individually responsible for their
own work, but the work of the team is also evaluated (Queen’s
Univeristy, 2023; Donnelly and Fitzmaurice, 2005).

e Problem-based learning (PBL).

That document investigates the efficacy of AL according to the
classification given above, which is considered the most important
for engineering faculty. The essence of each style is remarked
in that report. This article concludes by saying that there is a
global but uneven trend to develop separately each of the methods
described above.

From above and in line with Section 1, general and particular
AL perspectives to teach Mechatronics and Control Systems are
diverse, and no one in particular has been developed as a generic
and effective learning method for those students.

As far as we are concerned, the closest approach to properly
teach Control Systems with AL in view is presented in Rojas-
Palacio et al. (2022), where the authors suggest that key active
methodologies are a mix of the types given above. Nevertheless,
although Rojas-Palacio et al. (2022) also offers a review of the
literature on the use of learning styles in Control Systems (with a
specific methodology and a laboratory approach), we still consider
that more careful software support is still lacking from the
early stages.

Examining the AL styles cited above, and after reviewing the
literature, we reflect that:

Some authors identify DBL as PBL (Klahr and Nigam, 2004).
The same happens for IBL and PBL. PBL is a type of IBL (The
University of Manchester, 2023).

In CooL, what matters is working together to accomplish
shared goals (Kozar, 2010).

CL is a technique that fosters teamwork to achieve a common
goal (Kozar, 2010).
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TABLE 1 Topics, themes, AL techniques used, and duration in weeks are illustrated here.

10.3389/feduc.2025.1493903

ELM-I SVM Mech.D. 3D-1 EL-II EL-IIT CAD-Hand 3D-1I Phys.Const. pctrl.
PBL PBL ProBL ProBL PBL PBL ProBL CBL ProBL CBL
2 1 2 2 2 1 1 1 2 2

Observe that this array reveals the complexity progress of the course. The transit between abstraction and concrete results is also illustrated in Figure 2.

FIGURE 1

The structure of our SciTSA-AL consists of seven parts as described in Section 2.2. The blue lines that connect planning to assessment stages denote
open/closed loop mathematical modeling. The outcomes of this are tested during the assessment phase. In contrast, red lines reveal the 3D
computational and physical version of the latter. Finally, blue lines denote the convergence of all this. The dodecahedron emphasizes our conscious
desire to truly convey Control Systems and Mechatronics topics to our students.

?hVSiCal
IMplem,.

e Asa consequence, CL is more reliable for our course.

e About CL and ProBL, some authors consider them almost the
same, while others do not.

e About the latter, CL will consider the learning obtained by the
involvement of participants in a collaborative group project.
PBL will investigate the relevance of placing apprentices in
control of their own learning (Donnelly and Fitzmaurice,
2005).

e Asaresult, CL is important for us.

Thus, it was decided to integrate PBL, ProBL, CBL, and CL into
our SciTSA-AL.

2.2 Organization of the course

On the other hand, to design the organization of our SciTSA-
AL, we examined a collection of AL contributions and decided

Frontiersin Education 04

to adopt a generic methodology (Barnes, 1989; Zavala-Yoe and
Ramirez-Mendoza, 2019; Zavala-Yoe et al., 2016) that we could
adapt to our own investigation. The evaluation method proposed

consists of the following phases:

1.

Planning. In this part, learning objectives, evidence Activities,
and general instructions are established.

2. Implementation. AL schemes are implemented at this stage.

. Assessment. Evidence of apprentices’ learning is collected during

this moment.

. Analysis. Processing of assessment results is performed at this

phase.

. Improving. Changes in our ScTSA-AL, if any, are planned to

refine implementation.

. Contrasting. This part was proposed by us to be included as part

of our SciTSA-AL to compare our results versus traditional AL
implementations we had in our institute.

. Outcomes. We also proposed this closing part to summarize

the results obtained in the contrasting stage, but at the
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same time, to highlight the students’ products throughout the
entire project

At this stage, it was clear how to plan our course and with
which AL styles. As the objective of the course, we had to
choose something attractive and didactic. Ergo, we chose to model,
control, and build a robotic hand in phases. These (10) stages
(see Table 1) were distributed throughout the 16 weeks that a
course lasts.*

In the 10th session, the hand had to be presented, working
correctly. It should be noted that the development reported in
Section 3 is the result of the experience accumulated in the years
2009, 2014, 2021, and 2022. In particular, we were able to mature all
this during the continuous period 2021-2022.

3 Materials and methods: SciTSA-AL
elements

The organization described in Section 2.2 is resumed in
Figure 1 (the meaning of their blocks will be defined in the lines
below, but it is resumed in Table 1). As mentioned above, our
SciTSA-AL method consists of seven parts. The time needed to
implement each of them is indicated in the illustration. Note that
this time frame contrasts with the one shown in Table 2, where
the course duration is separated by themes and not by SciTSA-
AL phases. In that table, we summarize the topics, AL technique,
and duration in weeks of each of them. As can be seen, the
course consists of 10 themes (T1-T10; more details in Table 1). The
2nd row shows the content of each topic: ELM (Euler-Lagrange
modeling phases), SVM (state variables equations), Mech.D
(mechanical design stage), 3D (three-dimensional animation in
open and closed loop, I, II), and p-controller unit programming.
Below this, the proposed active learning techniques are given (see
Section 2.1). Finally, the last row provides the duration (in weeks)
by topic.

The study was developed at the Instituto Tecnologico de
Monterrey, campus Ciudad de Mexico, and the investigated
subject was Laboratorio Integral de Control Automatico (Integral
Automatic Control Laboratory). Although the name laboratory
would imply a lot of practices with less theoretical activities, this
course is intended to encompass advanced control techniques for
complex plants as well. That is why the theoretical component
is very relevant here; there are many self-contained topics. In
addition, the instructor has the liberty to modify the content of
the course with respect to the level and the background of the
participants. A structural decomposition of our proposal is shown
in illustration Figure 2.

In this sense, to facilitate the understanding of the proposed
study plan, the information is presented as follows:

e Modeling by Euler-Lagrange (EL) equations.?

1 The course is 4 hours per week. Of them, two are theoretical and two are
practical, without being strict, allowing small variations in the distribution of

time. This depends on the topic to be discussed.
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TABLE 2 Themes, projects, and software used in our SciTSA-AL program.

Themes Subtopic Project Software
1. ELE/TF/SVM Open/closed loop Finger-type MAPLE
structure
Linear/linerized Idem SIMULINK
models
2. ELE/SVM Open/closed loop Idem MAPLE
Non-linear Idem SIMULINK
models
3. Mech. design Idem CAD
4. 3D-Animation Physical blocks Idem SIMULINK
Lin/nonlin.ctrl. Idem SIMSCAPE
5. ELE/TF/SVM Open/closed loop Mech.hand MAPLE
design
Linear/linearized Idem SIMULINK
models
6. ELE/TF/SVM Open/closed loop Idem MAPLE
Non-linear Idem SIMULINK
models
7. Mech. design Design of CAD
mech.hand
8.3D-Animation | Physical blocks Idem SIMSCAPE
9. Construction Gears/motors Idem —
10. Control impl. | Microcontroller Idem ESP32-language

ELE, Euler-Lagrange method; TF, transfer function; SVM, state variables model.

o Linear models.
o Non-linear models.

e State variables-based models and control.

o (Linear) state variable models and state feedback.
o (Non-linear) state variable models and state feedback.

e Implementation of the control law in a microcontroller
unit.

e Development of a complex mechanical structure.

o Mechanical finger (linear and nonlinear) model.

o Creation of a CAD model of a single two-degree-of-
freedom finger.

o Importation of the CAD model from SIMSCAPE.

o 3D animation (open loop and closed loop by PID
controller).

e Integration of fingers to a CAD-palm. Design of a CAD-
prosthetic hand.

2 Some other important topics, such as kinematic constraints, some types
of DAEs (differential-algebraic equations), etc., are considered here, but we

use the generic term Euler-Lagrange models for ease of exposition.
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o Importation of these CAD pieces from SIMSCAPE.
o PID control of fingers in the hand.
o State feedback to control fingers in a particular sequence.

e Physical construction of a finger. Replication to form a hand.
o Control implementation in a microcontroller unit.

The previous arrangement is organized and complemented in
Table 2, where 10 projects can be easily identified.

As remarked, the application of specialized software, such as
MAPLE (symbolic calculations), MATLAB, SIMULINK (scripts
and block systems), and SIMSCAPE (physical blocks with
3D animations), was essential for math modeling and control
theory. Notice that in 2022b, the hardware part was included.
Nevertheless, not all of this was always at hand (see Table 3).
There, G means group, SMLK means SIMULINK, and SMC means
SIMSCAPE. V1 indicates a video produced to show a 3D animation
(SIMSCAPE) working adequately. Prod designates a software (S)
or hardware (H) creation. V2 means that the activation of a device
was filmed.

We now proceed to briefly present the main characteristics of
the class project as well as its objectives. Besides, each of the 10
topics is explained with its respective outcomes. The AL technique
utilized was also added. These activities will converge in the actual
construction of the controlled mechanical hand.

3.1 AL-techniques by theme in SciTSA-AL
environment

Main project. Modeling, simulation, and implementation of
a controlled mechanical hand (CBL; Queen’s Univeristy, 2023).
The steps of CBL were done along the whole course and were
decomposed and mixed with the typical AL methods identified as
useful for us in Section 2.1.

Requirements: Differential equations, Continuous Control
Systems, Digital Control, Electronics, Mechanics, CAD.

Goals: At the end of the course, the student will be able to

e Apply the EL-method to represent electromechanical systems.

e Develop complex symbolic calculations for modeling in
specialized software.

e Perform 3D animations of open/closed loop systems in
technical software.

e Develop a physical implementation of an electromechanical
device represented by 3D animations.

e Perform a control

design implementation via a

microcontroller unit.

Comments: The mechanical hand is a real-world application.
Intense interaction among students is desirable and necessary.
The students will work in teams of 3-4 people as our Labarotory
requires. The goals given above will be acquired by means of
scientific and technical software support. In addition, the physical
construction of a prototype will close the SciTSA-AL process.
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Assignments and goals by topic:
Theme 1. EL-modeling (PBL; Cornell University, 2023).
The EL method for modeling is taught and compared

to other modeling techniques. PBL was used because
we gave students a prompting problem to investigate:
a mechanical structure of a knuckle and a phalange

(half finger).

Goal: Modeling with EL equations of a mechanical half finger.
Equivalence of EL equations and state variables/transfer functions
(SV/TF) is performed. Use of symbolic calculation software
(MAPLE) is key. See Figure 3.

Outcome: Modeling/control of linear and linearized models of
a mechanical knuckle-phalange in MAPLE.

Theme 2. EL-equations/state variables models (PBL; Cornell
University, 2023). In line with PBL, we present participants with
the real effects of a problem. The half-finger model presents non-
negligible non-linearities. Students learn the equivalence between
EL equations and non-linear state variable systems. Moreover, by
replication of a single knuckle-phalange array, a complete finger
can be defined.

Goal: Identifying suitable analytical representations for linear
and non-linear systems in terms of EL equations and state
variable models.

Outcome: non-linear  knuckle-

Open/closed  loop

phalange/finger model.

Theme 3. Mechanical design of a complete finger in CAD
(ProBL; Boston University, 2023). Similarly to theme 2, a
complete finger is assembled here. Critical thinking, teamwork, and
conflicting design ideas were key.

Goal: Constructing a finger structure in CAD software.

Outcome: A CAD file of a mechanical finger is developed.
Later, replications of this initial finger will be performed to form
a hand.

Theme 4. 3D animation (open/closed loop) and ProBL (Boston
University, 2023). CAD (Autodesk Fusion 360) was used to
create a mechanical finger composed of two phalanges and
two knuckles. Importation of CAD files from SIMSCAPE was
taught. SIMSCAPE-based models are compared with TF/state
variables representations. Participants were challenged to create a
computationally controlled mechanical finger prototype that could
be moved properly.

Goal: Realization of 3D animations in SIMSCAPE imported
from Autodesk Fusion 360.

Outcome: An animated full finger SIMSCAPE model
(with/without controller). A video of the animation plus a detailed
report is also presented. Questions were asked from one team to
the other.

Theme 5. EL method to model a complete mechanical hand
linear model (PBL; Cornell University, 2023). The experience of
modeling a single finger is generalized to a group of them attached
to a palm to create a hand. A linear controller is also implemented.

Goal: Identifying a modeling pattern from one finger to
repeat it for a set of them. The control action is designed
in SIMULINK. Equivalences among ELE, TE and SVS
are obtained.

Outcome: SIMULINK file with open/closed loop responses.
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SOFTWARE ASSISTED ACTIVE LEARNING

ACTUAL
IMPLEMENTATION

OPEN/CLOSED LOOP
3D-ANIMATION

OPEN/CLOSED LOOP
SIMULATION CURVES

OPEN/CLOSED LOOP
MATHEMATICAL PROCESS

x'=f(x)+g(x)u

FIGURE 2

SciTSA-AL framework. The progression from mathematical abstractions is gradually performed by the numerical solution of non-linear differential
equations that later "animates” 3D-CAD-based models (in open and closed loop). This activity converges to the physical construction of the
mechanical hand, controlled by the microcontroller. Thus, computational models in open and closed loops are replicated with real-life

implementations.

Theme 6. ELM to model the hand (PBL) in non-linear
version. In PBL, students must deal with a real problem where
each participant has to acquire knowledge. Discussions take place
keeping focus on the process, leaving the final solution to the end.

Goal: From ELM, a non-linear state variable model is deduced
for the hand. Later, a non-linear controller is designed.

Outcome: (Uncoupled) non-linear open/closed loop models
are obtained in MAPLE and SIMULINK.

Theme 7. Mechanical CAD of a hand (ProBL). This case is an
inductive reasoning from Theme 3. See Figure 4.

Theme 8. 3D animations of the uncontrolled and controlled
hand (CBL). CBL was implemented to enhance past experiences,
but is now using SIMSCAPE software. The case study of designing
a completely controlled mechanical hand with 3D animations is
given. This part is induced during discussions and comparisons,
remembering the beginning of the project with a single phalange.
See Figures 4-6.

Goal: Designing suitable control laws to govern the complete
hand, finger by finger, using physical blocks in SIMSCAPE.

Outcome: A fully animated and controlled SIMSCAPE model
that moves correctly following a complex reference signal is
produced. The file is enriched with a video and a detailed report.

Theme 9. Physical construction of the hand (ProBL). This is
the culmination of all the previous phases. Clearly, students have
to work as a team, they have to plan, design, and implement
(Figure 7).

3 We must clarify that the computational and physical designs differ a little

because there were some logistical problems that we had to suddenly solve
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TABLE 3 Software used by semester.

G MAPLE SMLK SMC V1 Prod V2 |
2009a No Yes No No No No
2009b No Yes No No No No
2014a No Yes No No S No
2014b No Yes No No N No
2021a No Yes Yes No S No
2021b No Yes Yes Yes N No
2022a Yes Yes Yes Yes S No
2022b;, Yes Yes Yes Yes S/H Yes

The 1st semester of the year is denoted with an a and the 2nd one with a b. 1,2 means groups 1
and 2, respectively. SMLK, SIMULINK; SMC, SIMSCAPE; VI, VIDEO presented by students,
Prod=Final (computational/physical) product, and V2=2nd (concluding video). Other graded
activities were included to evaluate the midterm and final exams, but as there are so many, we
will avoid mentioning them.

Goal: Organizing and designing a physical prototype of a
robotic hand based on modeling, numerical simulations, and 3D
animations as an open-loop system.

Outcome: Implementation of a robotic hand working in open
loop. Structure produced by 3D-printing (Figure 7).

Theme 10.
microcontroller unit (CBL). Finally, once the robotic hand is

Implementation of a control law in a

built, it is time to implement a control law. Since the hand is

on the 3D printer, but since we wanted the students to carry out this stage

by themselves, we had to compromise a little about the modifications.
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FIGURE 3
The students developed mathematical models by hand and compared them with the results provided by MAPLE (projected on the whiteboard).
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finished, we considered it convenient to apply CBL because the
hand is the case study (Figure 8).

Goal: Selecting a suitable and reliable microcontroller unit for
the previously designed robotic hand. Programming a PID control
in the microcontroller. See Figure 9.

4 Results

As can be seen, the construction of the hand started from
a simple model based on a pendulum to define a mechanical
phalange. From this, the work was extrapolated to a finger, then to a
collection of them, and finally this set was mounted on a palm. This
process was a combination of analytical-computational work that
generated a 3D animation of the controlled structure. In this spirit,
beyond that, two physical results were presented, a real robotic
hand and the implementation of the controller. Obviously, the good
behavior of the physically controlled mechanical hand was already a
proof of the success of the students. To complement these physical
results, we will now analyze the grades of the students collected
during the semester. Thus, the set of two exams by stage together
with their corresponding project (10 as observed above) defined a
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record for each student.* These activities were developed during
the 16 weeks that the course lasts. We then statistically tested the
difference in the mean of those exams against the corresponding
project. These results confirmed that our strategy succeeded.

4.1 Statistical analysis

As it was already mentioned, we suddenly detected background
problems in our Mechatronics students. Our administration took
care of these groups in discontinuous periods: 2009, 2014, 2021,
and 2022. Since this situation was identified in 2009, that was the
year we started a new organization of the course, which evolved
until 2022. In that year, we particularly noticed great progress in
our students. The outcome of that synergy was the construction of
the controlled mechanical hand.® The results of this section allowed
us to objectively verify the qualitative achievements obtained via

4 As mentioned in Table 3 and Figure 10, there were other individual
activities such as personal exams, but to keep the explanations brief, we
avoided breaking down the grading system in detail

5 Before this complete work, previous stages were created via software and

some simple prototypes using CAD
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FIGURE 4

A high-level masked block diagram of the controlled hand is shown here. This set of eight SIMSCAPE-SIMULINK blocks makes up the computational
model (open/closed loop). Many details of each building block are hidden by representative images of each part of the hand. The idea of replication
modeling and synthesis was actually grasped after showing the students that replicating a finger on a palm defines a hand. However, a “big finger”
(arm+forearm) also constitutes a higher structure in the same sense (theme 7).

FIGURE 5
After finishing the design of the hand (Figure 4), a higher level structure is computationally built (arm + forearm, theme 8).

our SciTSA-AL. In this context, a simple observation of the final  average X). We considered a key issue to investigate the difference
A between Pand X, i.e,, A; = P;—Xj,i = 1,...10 (see Section 3.1).

Thus, a student record was composed by one project and two exams

averages and coeflicients of variation by group (Table 4) gave us an
early feeling of confidence. The cvs display an oscillating upward

trend, may be an adaptation effect.

A deeper comprehension of our planning results will be
obtained by comparison of exam and project grades. In our
organization, each project grade P also implied two exams (with
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(by group). The descriptive statistics of A are shown in Table 5 by
group. There, n is the number of students by class, Min and Max
are minimum and maximum of A, respectively. “Av” is the mean
and qi, q2, and “Iqr” are the first quartile, second quartile, and
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FIGURE 6
Another example of an arm and forearm that follows the hand design (Figure 4). In this case, the animation starts with an extended arm and ends with
a bent arm (bottom right).

FIGURE 7
An example of a robotic hand construction. Left upper panel: CAD design of a lower phalange. Right upper panel: upper phalange. Below: hand
base and a lower phalange. Next to it, a complete finger was installed. All these components were 3D-printed.

the interquartile ranks, respectively. Actually, A;;x = P;jx — Xjjx  that table, we can notice that the highest medians were obtained
fori =1...p,j = 1L,...n, k = 1,...,g, for p = 10 projects,  in 2021, a period after which our institute was rebuilt (earthquake
ng is the number of participants by class and g = 9 groups. From  2017) and the pandemic began to stabilize. Interesting too is the
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FIGURE 8

An example of a microcontroller unit on a breadboard that will activate and control the robotic hand.
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FIGURE 9

Detailed flowchart of the ESP32 language to program a PID control.
With this image, we wish to emphasize that during math analysis,
coumputational implementation, and microcontroller-based
programming, the structure of a PID control remains the same.

comparison of 2009 (poor condition of students) and 2022 (hand
project). Actually, eight out of nine classes had positive medians
(improvement via projects).®

6 Actually, admission exams, prerequisite courses, etc., were modified

during and after the disastrous events.
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In line with this, we wanted to determine if there was a
significant change in the nine groups considering the grades of
the exams versus each corresponding project by participant. Our
institute considers a number of students enrolled between (15,35)”
per class per semester. This means that we have small sample
sizes. Additionally, the normality of data was assessed. For this, a
Shapiro-Wilk test showed that our data did not behave normally
at a level of 5 %. These facts guided us to conduct a non-
parametric study (Dekking et al., 2005; Martinez-Gonzalez, 2020).
Since the associated probability distributions resulted to be non-
normal, we have groups of less than 50 students, and we want to
objectively compare groups between them, we use the Wilcoxon
signed test (WST) and the Wilcoxon rank sum test (WRST)
(Martinez-Gonzalez, 2020; Pallant, 2016; Tomczak and Tomczak,
2014).

Accordingly, this procedure was executed in two phases: an
“internal” one (comparing partial grades versus projects per class)
and an “external” one (contrasting 3 pairs of groups between them).
Therefore, we have the following:

Stages:

e A was computed for each group and for each participant.
From this, a Wilcoxon signed test (WST) was utilized to
determine whether the median of a population is significantly
different from zero.

e A two-sample Wilcoxon rank sum test (WRST) is performed
to compare results obtained during key moments. Therefore,
we decided to evaluate 2009a vs. 2021a; 2021a vs 2022b; and
2009a vs. 2022b. Thus, the contrast was done comparing the
results obtained during the beginning of our solution against a
middle development; again, this stage versus the time at which
the hand was built, and from the very beginning with the final

7 Indeed, our n € [13,24].
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phase. This means testing A; vs. As, As vs. Ag,and Aj vs. Ag
to discover if improvements (if any) were significantly distinct.

Outcomes:

e The WST produced Table 6. This procedure tests the null
hypothesis that the data in A come from a distribution whose
median is zero at the 5% level. From the table, seven out of nine
classes show a logical value of h = 1 (true). This indicates that
the test rejects the null hypothesis of zero median at the 5%
level. With that confidence, there appears to be an optimistic
effect of the projects. Remember that, traditionally, this course
did not have this kind of activity. This is not the case for 2009a
and 2022a (semesters 1 and 7, resp.).

e Now we want to know if the measures of improvement in
all classes were significantly different. Before proceeding with
the application of the WRST, a box plot is presented in
Figure 10 for each A. We already know that notches typically
do not overlap if median values are significantly different from
each other at the 5% level. From that picture, we observe
that notches do not overlap (excluding semesters of 2021
and 2014b with 2022bl). If two notches do not overlap, it
means that their medians are significantly different. The case
of groups of 2022 is special because of the flipped aspect.
The reason why notches extend beyond the 25th and/or 75th
percentiles is due to the uncertainty of the true median value.
This occurs if a sample size is relatively small (Dekking et al.,
2005; Martinez-Gonzalez, 2020).

Next, a formal WRST test tests the null hypothesis that data
in two collections are samples with equal medians, against the
alternative that they are not with significance at the 5% level.
Outcomes of this part are given in Table 7.

The values of p < 0.05 and h=1 denote the rejection of the null
hypothesis of equal medians at the default 5% significance level.
Therefore, significant differences from zero are perceived in cases
1 vs. 5and 1 vs. 9. Therefore, students of group 1 seemed to have
learned a little more between exams and project than the students
of groups 5 (2021a) and 9 (2022b2). This fact seems to suggest that
an actual improvement (via projects) occurred from the detection
of the problem (2009a) to the middle periods (2021a) and from that
detection to the final period. This is not the case for middle times
(5) to end epochs (9), where both the p-value and h = 0 indicate
that there is not enough evidence to reject the null hypothesis. This
fact seems to indicate that students did not learn more from the
exam period to the project time. Finally, it is worth considering
whether improvements in key groups medians have any practical
significance. This issue is explored next.

4.1.1 Calculation of effect size (side effect)

It is well known that in conjunction of p, the size of the
observed effect must be included. This effect of size will allow us
to know if, besides being significant, the difference is practical.
The effect size for a Mann-Whitney-Wilcoxon test (MWWT) or a
WSRT (Pallant, 2016) is commonly determined via a correlation
coefficent in terms of the standarized z-score with rrcc = z/4/n,
where 7 is the total number of samples of all records, i.e., n =
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n1 + -+ + ng for g, the number of groups This quantity is some
times referred to as the Rosenthal correlation coefficient (RCC;
Rosenthal, 1994). Despite its simplicity, it has some drawbacks. The
biggest of them is that rrcc sensitive to the size of #, i.e., to each
N, ., Hg. Contrastingly, the rank biserial correlation coefficient
(RBC)® is chosen to report effect size estimates in Wilcoxon tests.
This coefficient helps us see how items or subjects in one group are
ranked compared to a second group. It indicates the discrepancy
between the portion of ranks in favor of or against the hypothesis
(Dekking et al., 2005; Martinez-Gonzalez, 2020; Rosenthal, 1994;
Pallant, 2016). Accordingly, rrpc is defined as (Tomczak and
Tomczak, 2014):

(- (2)

nn+1) M

TRBC =

Where, T =
signs; R, sum of ranks with negative signs; n, total sample size.

min(Ry, Ry), Ry, sum of ranks with positive

The outcomes of these tests were obtained in MATLAB and are
summarized in Table 8 (Cohen, 1988).

Table 8 reflects that parameters p and h coincide, expressing
rejection of the null hypothesis of equal medians at the default 5%
significance level for pairs G5 and Gy 9. For Gs, p and h suggest
that there is not enough evidence to reject the null hypothesis.
Nonetheless, |rrrc| << |7rBc| and their signs are inverted, suggesting
contrary effects. Analyzing rgrrc, we deduce that there is a very
small deterioration in group 1 compared to a small improvement in
groups 5 and 9, and the other way around. However, since rrrc ~ 0
and by the reasons given above, it is more convenient to consider
rrpc as an effect size indicator.

Depending on the values of rrrc and rgpc, a scale of relation
between two groups is defined in Table 9 (Bartz, 1999; Cohen, 1988;
Kerby, 2014).

Recall that the effect size indicates the significance of the
relationship between variables or the difference between groups.
It reveals the realistic relevance of a research result. A large effect
size means that a research finding has sensible relevance, while
a small effect size indicates limited feasible applications. Table 9
permits the objective expression in common language of what
Table 8 communicates in terms of the null hypothesis. Thus, from
both sides of the table, we can finally conclude that we reject the
null hypothesis of equal medians at 5% of significance in groups 1 vs.
5, on the one hand, and in groups 1 vs. 9, on the other. Median of
A in groups 1 and 5 are 2.67 and 8, respctively. Hence, a difference
of 8 — 2.67 = 5.33 represents a moderate improvement, of class
5 vs. class 1. The same happens with groups 1 and 9, where D is
4.25 —2.67 = 1.58.

Now, in the case of classes 5 and 9, there is not enough evidence
to reject the null hypothesis of equal medians. Here, D = 8 —
4.25 = 3.75 reveals a low improvement of group 5 with respect
to 9. In spite of this apparent achievement of group 5, we must
remember that these students presented the highest variation in the
entire study.

8 Actually, the number of methods that report effect size measures for
Mann-Whitney U-test and Wilcoxon tests are rather scanty (Pallant, 2016;
Tomczak and Tomczak, 2014; Glass, 1965).
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TABLE 4 Final grades by group and coefficients of variation (cvs).

10.3389/feduc.2025.1493903

Issue 2009a 2009b 2014a 2014b 2021a 2021b 2022a 2022b; 2022b,
Sem 1 2 3 4 5 6 7 8 9
Mean 74 73 76 78 76 78 86 92 90

Cv 7.67 471 6.17 5.55 6.43 6.01 7.07 638 9.04

The highest cvs appear at the beginning and end of our implementation, but in the end, the scores improved. Although the grading scale goes from 0 to 100, in our institute, a grade below 70 is
considered as failed.

TABLE 5 Descriptive statistics of A.

Statistic 2009a 2009b 2014a 2014b 2021a 2021b 2022a 2022b; 2022b,
n 23 24 14 24 20 13 16 10 14
Min -11.67 -13.33 -4.33 -8.00 -9.33 -0.67 -15.33 -0.20 -0.64
Max 9.33 5.67 1633 17.33 18.00 19.00 10.00 18.25 21.71
Med 2.67 -2.83 6.00 433 8.00 8.00 3.83 6.87 425
Av 1.28 -3.15 6.26 4.00 6.50 7.82 1.65 7.90 7.34

Q 2.25 -6.67 1.00 -0.50 033 3.42 -4.50 6.13 243

Q@ 525 033 10.67 8.50 11.17 12.67 7.33 9.74 8.83
Igr 7.50 7.00 9.67 9.00 10.83 9.25 11.83 3.61 639

The interquartile rank has its smallest values in 2022b; (a relatively “stable” season). There is only one negative median (2009b). The latter seems to agree with the values of . This information
is a complement to Table 4.

TABLE6 WST.
Parameter 2009a 2009b 2014a 2014b 2021a 2021b 2022a 2022b; 2022b,
P 022 0.01 0.00 0.01 0.00 0.00 028 0.00 0.00
h 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00

At the default 5% significance level, the value h = 1 indicates that the test rejects the null hypothesis of zero median, objectively confirming a difference in the student performance.
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FIGURE 10
Box plots for A. Data are quite scattered in the middle periods and less so at the end. However, in 2022, groups presented outliers, which may be a
result of team and individual work to build the mechanical hand.

Frontiersin Education 13 frontiersin.org


https://doi.org/10.3389/feduc.2025.1493903
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Zavala-Yoé et al.

TABLE 7 WRST to compare groups 1,5,9.

10.3389/feduc.2025.1493903

TABLE9 Common language effect size.

Groups o h Levels |7RRCI |rrRBCI
Gis 0.01 1.00 Very low (0,0.1) (0,0.2)
Gss 0.90 0.00 Low [0.1,0.3) [0.2,0.4)
Gio 0.04 1.00 Moderate [0.3,0.5) [0.4,0.6)
h = 1 means true hypothesis. Strong [0.5,1) [0.6,0.8)
TABLE 8 Effect size via rrpc (green section) and via rrpc (blue part). Very strong NA [081)

Groups p h rRrc¢ 2z P h rrBC U

Gis 001 | 1.00 | -006 | -0.38 | 0.01 | 1.00 | 044 | 12850
Gsyo 056 | 000 | 000 | 003 | 090 | 0.00 | -0.03 | 144.00
Gus 002 | 1.00 | -006 | -0.34 | 0.04 | 100 | 042 | 94.00

If p > 0.05 (h = 0), then there is no statistically significant association between the two groups
contrasted. z is the standarized z-score and U is the Mann-Whitney statistic.

5 A glance at student’s opinion

Although the last section has objectively shown the statistical
reliability of our method, we would like to share a brief comment
about students perceptions via the end-of-course survey. In
Figure 11, part of the complete evaluation by group is given. On
top, we can read “Sistema de encuestas” (Survey system) and
below it, “Reporte de comentarios” (Comments report). In the
table, the first column indicates the campus where the class was
taught. The second column shows the subject code. The third and
fourth elements provide the course name (Process Automation
Lab) and group number, respectively. Columns five and six report
the number of students expected to graduate and the number of
people who provided opinions on the topic. At the end, students’
comments are directly shown. The four opinions shown in the
table are positive; however, the third one says that: “It would have
been great if we could have worked at the lab and not only with
MATLAB”. We highlight that students generically call MATLAB
the binomial MATLAB-SIMULINK, and if we review the Table 3
again, what this person says makes sense.

Figure 12 (topmost panel, 2014) reflects the perspective of other
students enrolled in another class (Process Automation). What is
relevant here is the second viewpoint. This student states that: “The
teaching style is questionable but (the professor) is fair in grading.
I wish we had had computer activities”. Although computational
activities were definitely present, the student may complain about
having worked more with SIMULINK than with MATLAB (“block
programming”). This perspective is, in some sense, contrary to the
one given above, where the person mentions that he/she had a
lot to program in MATLAB (besides the lack of manual events).
Now, it is interesting to read what another student thinks about the
same course but followed in 2021a (after the 2017 earthquake and
still during 2020-2021 COVID pandemic). This person says that:
“Excellent professor, he could adapt to the hybrid (teaching) model
and giving a class with academic quality via Zoom. The classes were
very clear and he solved all my doubts, he uploaded a lot of material
to Blackboard, for instance, exercises to complement the class”.
This student is satisfied with our new implementations despite
working in remote mode. As a complement, another viewpoint is
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Levels of relation between two sets of data according to rrpe and rppc. As a result of the
disadvantages of rrrc, we kept rppc as a relevant coefficient. Note that rows 1 and 3 of
Table 8 are classified as Moderate. Thus, the medium-term activity and the final exam do
reflect a positive (> 0) moderate difference (improvement) in the corresponding groups. This
deeper finding is in line with the initial observation of the mean grades and their coefficient
of variations given in Table 4.

given in 2021b where the person expresses that “He (the teacher)
is very patient and he solves our your doubts, it does not matter
how many times you ask him. He really cares about teaching us.
Although we find it difficult to learn on Zoom, he works hard
when it comes to teaching and continues to go further :) (happy
face, i.e., satisfaction). If for some reason you get low grades it is
because of Zoom, it is very difficult to concentrate on the screen
(in remote learning we had to spend a lot of time teaching-learning
via Zoom)”. In this case, the student does not complain about the
computational resources, nor about the manual activities, but about
the mandatory nature of distance learning. Finally, in the last row,
a student says that “He (the teacher) is very friendly and that is
why some times the class may be disordered. At some moments,
he teaches a lot of theory and uses MAPLE a lot and I personally
think that this time should be used in practice exercises”. Here,
the student is happy with the professor performance and attitude
but complains about some “induced” disorder (as a result of the
necessity of using Zoom the whole day) and the exigency of using
MAPLE to “replace” close personal explanations. This comment is
also interesting because this person recognizes the teacher’s effort,
but at the same time accepts the implicit disadvantages of long
periods of remote learning. Obviously, practical exercises were
definitely not possible during the COVID-19 pandemic, and that
is why the practicals had to be done through software. Besides, the
student does not protest (directly) against software, active learning
techniques, but rather against implicit long-time sitting in front
of the computer screen. We must remember that everyone at our
institution was tired of remote learning and home office also due to
the time we were waiting to be assigned to some improvised facility
after the 2017 earthquake.

Finally, in contrast to the observations given above, 2022b
improved a lot (see Figure 13). Although we only offer a sample of
a survey, most of the comments did not show serious complaints.
It is important to note that during the study period, in general,
the teacher was well evaluated by the students. However, as we
can see in our study, student complaints decreased as our new
method was implemented. What was nearly impossible to reduce
were complaints about prolonged use of Zoom due to the need
for remote learning. It is also worth noting that from observing
Figure 13, there appears to be a combination of the teacher’s
attitude and the progress of our SciTSA method. The first row says:
“Very good teacher. He knows a lot and make the class dynamic”.
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Profesor: Ricardo Zavala Yoe - L00560219
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Opinlones

Comentarios

Comentarios al instructor (a):

Campus Cludad MR2015 aboratorio de 1 18 4 En muchos practicas me sentia bastanle perdido, me hubierd encantado que ke profesor nos explicard 1as €sas en lugor e
¢e México aulomatizacién de asumir que las sablamos,
procesos
Campus Cludad MR2015 Laboratorio de 1 18 4 Excelente profesor. La materia la hace muy apticable a la carrera. Muestra verdadero inlerés en que bos alumnos aprendan
e México aulomatizacién de ofreciendo actividades extra, recursos y visitas. Si te acercas a preguniarie 0 a compartir dlgo de ka clase, siempre eres bien
procesos fecbido, y te apoya e incentiva a sequir De mis mejores cn la carrera,
Campus Cludad MR2015 Laboratorio de 1 18 4 Estaria muy pacre que fucra en el laboratorio de control y no 5010 con Malkab,
e Mxico aulomatizacién de
procesos
Campus Cludad MR2015 Lavoratorio de 1 18 4 Es excelente explicando y su método de enseitanza es bueno, ademds de que es muy paciente y siempre estd al tanto de sus
e México aulomatizacién de alumnos y sus Intereses
procesos

FIGURE 11

A sample of an en-of-course survey (2014). In the 3rd row, a student says that: "It would have been great if we could have worked at the lab and not
only with MATLAB". Our perception (as teachers) was also in line with student’s remarks, and that is why we proposed the innovative method
described in this work. MATLAB-SIMULINK, although good, was not enough

Camous Cutad VAR ASoratiaodn oo 1 » B Por B conocimaenny Go $a%emas Ge Contly BU 305Ca00n 80 o CITE0 Injeniert,
e Mo Proceson
Camous Cutad VA2 Avoeatzyobe oo 1 » > Cueatonadie korma e airend.iae 2210 ¢4 LA1 evaluanda. Okl tuvé: s '] Sedn.
<o Miico procescn
Cameus Cutad VA1 Asoeatoacia oe 1 » B Escelente peelesce. Expicacones Caras y en verdad be inleresd Que aprendas.
<o Néuco procesen
2021a

Excelente profesor, pudo adaptarse al modelo hibrido y otorgar una clase con calidad académica a través de Zoom, Las clases
fueron muy claras y resolvié todas las dudas, subié demasiado material a Blackboard como ejercicios para completar la clase,

2021b

Caios
ce Vdico

NARN12

Asmatsacdin Ge
frocescs

b

bastarte pacente y be resuetvr QU2IY, 10 IMEGrt) 193 vaces que pregunies. £n verdad e creocvpa por envselamos. A pesar
atener

(4]
O Que 3 G501 aorender Por Z0Om, 34 €1MUerz cor dar \a Uase y sigue adelante. ©) 5ifega Puruacdn b3 Con
16320010 8 B0ENOING €4 poe de 200, fanel Lo pareats

2022

Es muy amigable pero por lo mismo [a clase a veces es muy desastrosa. Por momentos da mucha teoria y ocupa mucho Maple,
y personalmente creo que ese tiempo lo podriamos usar en ejeecicios de practica.

FIGURE 12

Opinions of students about the progress of our adaptive learning process. The 2022 comments also correspond to the Automation Processes class.
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Sistema de Encuestas

2022 b

Reporte de Comentarios
Profesor: Ricardo Zavala Yoe - L00560219

\,\ @ Tecnoldgico
£ y de Monterrey

the implicit difficulties of the course.

Campus Clave Materia Grupo Alumnos Opiniones ~ Comentarios
materin Candidatos
¢Queé le **comentarias** a un estudiante que quisiera inscribir la Materia con
este(a) profesor(a)?
Campus Ciudad MR2025 Diseflo de sistemas ¢2 553 17 7 Muy buen profesor conoce del tema y hace as clases gndmicas
de México control
Campus Ciudad MR202S Diseiio de sistemas de 583 17 7 Un excelente peodesor, tiene un gran dominio de los temas, €3 demasiado tranquiio para explicarte 5o que no ¢ liegue a
de México control comprender, slempre esta abierto a asesceas, Se preocupa por que aprendas y entiendoas los temas,
Campus Cradad MR202S Disefio de sistemas ¢ 583 17 7 Experto del tema, ¢red un ambiente muy ameno y ¢¢ conflanza para trabajar, pero sus trabajos en esta materia estuvieron
de Méuico control demasiado largos, complejos por 1o que casl faliecemos.
FIGURE 13

Final year of our implementation. Notice that the type of complaints (at least in this sample) is not related to software, remote learning, etc., but with

Second row: “He is an excellent teacher, he domains the topics,
he is very patient to explain what you can not understand, he is
always open to mentoring. He cares about your understanding.”
And the 3rd row closes saying that: “He is an expert on the theme,
he creates a pleasant and reliable work environment, although the
home works were long and complex.”

6 Discussion

As it was established from the beginning of this study, the
idea of this study was to explore new ways to reliably grasp the
content of Mechatronics suitably. As a result of not identifying
a suitable bibliographical reference that could have helped us,
we developed our own AL technique, referred to as SciTSA-AL.
This process implied a redesign of the course with a fine and
close supervision of the students. They were motivated by the
modeling and design of a robotic hand. The steps to construct
the main project were implemented by 10 intermediate activities
(complemented with two exams by outcome). Although the robotic
hand was constructed correctly, and final marks improved, a
statistical analysis verified our observations. Now we can claim
that we are 95% confident that the introduction of those manual
activities was useful in six out of nine groups. We also need
to remember that in 2021 (periods 5 and 6), our institute had
been recently rebuilt after the 2017 earthquake. In addition, the
pandemic was beginning to stabilize, and attendance at the institute
was irregular due to activities being conducted remotely via Zoom.

As it was described in Section 1, there are just a few
studies that actually address the problem of effective learning of
Control Systems in Engineering. In the literature reviewed in that
section, we demonstrate that the research carried out there is
short-term, whereas ours encompasses several years. Moreover,

Frontiersin Education

the examinations described in those references are applicable to
particular situations using only one type of software. In contrast,
although the investigation offered in Rojas-Palacio et al. (2022) is
too general, it does not deal with software support. Furthermore,
none of them were carried out for several years, a period in
which catastrophic events were recorded that occurred almost
consecutively. Thus, the strong point of our study is that we
analyzed a set of AL techniques and from them we chose those
that we considered most suitable for our courses, taking into
account various types of software support that converge in the
construction of a real robotic hand. Some unexpected findings were
that the teacher has been positively evaluated this entire time as our
implementation progressed. Furthermore, student complaints were
mainly due to outdated learning processes (which were already
changing with our strategy) and some other difficulties inherent to
the course, as well as discomfort caused by extremely long periods
on Zoom. We consider that our proposal could be extended to
similar situations because the profile of our students is comparable
to that of others (and even ours!). However, to date, we are not
aware of similar studies.

7 Conclusion

We are convinced that the learning path followed in this
report solves the problems exposed from the beginning. Early
identification of a lack of theoretical understanding is mandatory,
and moreover, in courses as these, theoretical understanding allows
extending knowledge to the next level, numerical solutions of
mathematical models (2D graphics). If apprentices had grasped this
part, 3D animations in open and closed loop flows very naturally.
If this structure can be embodied in a physical prototype where
a microcontroller can govern it, then the cycle closes, endowing
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students with an actual comprehension. This is what we identified
as our SciTSA-AL. It may not be perfect, but it is new and it works.
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