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ABSTRACT: In Mexico, technical edu-
cation faces the challenge of training pro-
fessionals who not only possess specific
knowledge but also cross-cutting skills that
enable them to adapt to the demands of
Industry 4.0. The objective of this study
was to examine the fourth-semester curri-
culum of the “Automated Systems Tech-
nician” program at the Hidalgo Scientific
and Technological Center (CECyT) of the
National Polytechnic Institute (IPN). The
objective is to understand the integration of
21st-century skills and active methodolo-
gies in the implemented curriculum design,
which involved reviewing the current study
programs of the four corresponding lear-
ning units through content analysis. The
findings indicate a systematic analysis and
progressive application of a variety of acti-
ve methodologies: collaborative learning,
flipped classroom, project-based learning
(PBL), and challenge-based learning. The
results show that these methodologies su-
pport the development of soft skills such as
critical thinking, creativity, collaboration,
communication, and digital literacy, which
are necessary for solving social, economic,
and technological problems. The curricu-
lar structure of the 2022 study programs is
a deliberate and coherent response to the
vision of the IPN’s New Educational Mo-
del, demonstrating a commitment to com-
prehensive training and preparing students
for a dynamic and technologically globali-

zed work environment.
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Introduction

Upper secondary technical education
is a strategic factor for the country’s deve-
lopment, a driver of social mobility and a
means of strengthening the productive sec-
tor in Mexico. Its function is twofold: to
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provide young people with technical pro-
fessional skills and knowledge for a profes-
sion that allows them to enter the world
of work immediately, and to prepare them
with a solid foundation for higher educa-
tion (Hablamex, 2024). This level of edu-
cation represents the link that connects hi-
gher education with the world of work and
industry, promoting labor inclusion and
closing the technical skills gaps that impact
the country’s competitiveness.

In the Fourth Industrial Revolution,
where digital, physical, and biological tech-
nologies converge, technical education sys-
tems face the challenge of adapting to the
needs of Industry 4.0. Automation, advan-
ced robotics, the Internet of Things, and
artificial intelligence are transforming job
profiles, requiring specialized technicians
who can operate preferred equipment and
solve unstructured problems, work in mul-
tidisciplinary teams, and learn continuous-
ly (World Economic Forum, 2020). In this
regard, the National Polytechnic Institute
(IPN) is an institution that has initiated an
intentional and organized process of edu-
cational innovation, which is radical in its
conventional pedagogical approaches, mo-
ving from models focused on the transmis-
sion of knowledge to models that prioritize
the development of competencies and soft

skills.

Thus, since the last decade, the IPN
has developed a “New Educational Model”
to transform itself into a competitive, in-
novative institution that takes advantage
of cutting-edge technologies, cares for the
environment, and preserves its identity and
social commitment (DEMS, 2014). Its tra-
jectory is a benchmark for quality technical
education at the national and global levels,
demonstrating a commitment to increasing
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its social impact. The objective of this work
is to contribute to how the IPN is imple-
menting pedagogical innovation in a spe-
cific context and in a technical career that
is highly relevant to the country’s industrial
development. It is a proposal that anticipa-
tes global and national challenges in higher
education, seeking to transcend conventio-
nal and pragmatic pedagogical models by
integrating active methodologies and the
development of soft skills.

Established in 2012, this campus was
developed with the aim of expanding upper
secondary education and meeting a social
need in the region, contributing to the
scientific and technologic e development of
Hidalgo (Oncenoticias.digital, sf). CECyT
16 “Hidalgo” has become a benchmark for
quality technical education, demonstrating
the IPN’s commitment to increasing its
social impact and democratizing technical
education.

The objective of this work is to contri-
bute to this field by showing how the IPN
is implementing pedagogical innovation in
a specific context and in a technical degree
program that is highly relevant to the cou-
ntry’s industrial development. The study fo-
cuses on the degree program in Automated
Systems Machinery Technology, whose gra-
duate profile meets the needs of advanced
manufacturing and industrial automation,
which are priority areas for Mexican indus-
trial policy.

The purpose of this article is to criti-
cally review the incorporation of active me-
thodologies and 21st-century skills in the
fourth-semester curriculum design of the
Technician in Machines with Automated
Systems program at CECyT 16 “Hidalgo”;
verifying whether the pedagogical strategy
of the curriculum is aligned with the pro-
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gram’s graduate profile and the institutio-
nal philosophy of the IPN, recognizing its
strengths in design and the challenges for its
implementation.

Problem Statement

Current technical training faces a fun-
damental challenge with rapid technologi-
cal evolution and the transition to so-called
Education 4.0, which requires graduates to
possess a set of skills that goes beyond me-
morizing knowledge and repeating standar-
dized procedures. The generic and discipli-
nary competencies of the graduate profile
for the “Technician in Automated Systems”
degree require students to be able to develop
innovations, propose solutions to complex
problems, learn on their own initiative, and
contribute critically to sustainable develo-
pment. so the pedagogical challenge lies in
how curriculum design can actively foster
these skills in an educational environment
that has traditionally favored the knowledge

transmission model.

The National Polytechnic Institute
addresses this challenge through its New
Educational Model, which pursues both
structural and curricular transformation.
In this context, the curriculum is conceived
not only as a set of learning units and topics,
but as an integral component of the educa-
tional policy being implemented, where the
structure of the study programs, the selec-
tion of methodologies, and the definition
of expected learning outcomes reflect the
institution’s pedagogical intention to inno-
vate and improve. This approach is aligned
with an interpretive paradigm, in which the
curriculum is conceived as a dynamic and
contextual text. In this sense, the meaning
of the curriculum is actively constructed by
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the subjects involved, as opposed to a ma-
nagerial perspective that tends to objectify
reality and measure performance exclusively.

With these considerations in mind,
the research question that guides this stu-
dy is: How does the curriculum design for
the fourth semester of the Technical De-
gree in Automated Systems Machinery at
CECyT 16 “Hidalgo” use active metho-
dologies and promote the development of
21st-century skills, and how does this stra-
tegy align with the IPN’s graduate profile
and institutional objectives?

The relevance of this question lies
in the fact that the answer allows us to go
beyond a simple statement of intent. An
in-depth analysis of the curriculum de-
sign in the context of CECyT 16 provides
a window through which to examine the
internal coherence of the study program.
The study will help identify strengths in
the implementation of the IPN educatio-
nal model in one of its units and unders-
tand the implications of adopting these
methodologies in the training of future
technicians.

Theoretical Framework

The IPN’s New Educational Model is
based on the recognition of the challenges
facing higher education at the global and
national levels, as well as on a diagnosis of
the institution’s internal conditions. Its fun-
damental principles focus on competitive-
ness, innovation, the use of technologies,
care for the environment, and social com-
mitment. This model seeks to transform the
conception of education from a hierarchical
and unidirectional vision to a democratic
perspective, where the active participation
of individuals in the construction of know-
ledge is central and meaningful.
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In this context, the study programs
are documents that reflect this transforma-
tion. The redesign of the IPN’s plans and
programs guides the structuring of content
so that it moves beyond a vision that consi-
ders performance as the only metric of suc-
cess. The inclusion of active methodologies
shows that the curriculum is being designed
to foster critical thinking skills, creativity,
and complex problem-solving, pillars that
oppose a purely rote-learning pedagogy or a
vision that reduces the curriculum to a stu-
dy plan focused on measuring immediate
results. The presence of these pedagogical
approaches in the curriculum of the Tech-
nician in Automated Systems program is a
tangible manifestation of the institution’s
intention to align its educational offerings
with its philosophy of comprehensive trai-
ning and its social role.

Active Methodologies
and Their Impact on
Technical Education

Active methodologies are a set of peda-
gogical approaches that place students in a
proactive role in their own learning process,
and their application in technical education
is particularly valuable because of their abi-
lity to link theory with practice, developing
essential cross-cutting skills.

* Collaborative Learning: This is a pe-
dagogical method in which students
collaborate to solve problems and
build knowledge, relying on everyone’s
learning and positive interdependence.
Educational research shows that this
model not only raises academic per-
formance but also strengthens critical
thinking, social skills, and self-aware-
ness. In addition, it is in line with 21st-
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-century skills training, promoting
collaborative work, communication,
and the simultaneous development of
individual and collective responsibility.

Flipped Classroom (Flip Teaching):
This pedagogical model transforms
learning times, allowing students to
acquire theory and concepts asynchro-
nously outside the classroom (through
videos, podcasts, or readings). In this
way, classroom or synchronous time
is devoted to activities of high cogni-
tive value, such as active practice, re-
solving doubts, and the contextualized
application of content. This methodo-
logy can be implemented in any area
of knowledge and develops student
autonomy and self-management of
their learning, reinforcing content and
achieving more functional and lasting
knowledge.

Project-Based Learning (PBL): This
is an active methodology where stu-
dents learn by designing and creating
real projects. Through practice and the
resolution of complex problems, this
strategy develops both in-depth disci-
plinary knowledge and 21st-century
skills. In addition, PBL is especially
useful in teaching any area of know-
ledge and STEM (Science, Techno-
logy, Engineering, and Mathematics)
methodology, as it generates motiva-
tion and interest among students in
applying it.

Challenge-Based Learning (CBL):
This is a pedagogical methodology
that aims to integrate school know-
ledge with real and meaningful pro-
blems, organizing learning around the
identification of a real problem and its
solution; it supports the development
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of initiative, creativity, reflection, and
understanding of content by the stu-
dent. In this context, the teacher goes
from being an expert to a companion
and guide, accompanying the student
in their learning process.

Case Method: This strategy allows stu-
dents to construct their learning ba-
sed on the analysis and discussion of
real-life situations that are narrated. It
develops crucial skills such as decision-
-making, analysis, the development of
alternatives, and the communication

and defense of ideas.

21st Century Skills for
Technical Careers

For a technician in Automated Sys-
tems Machinery, 21st Century Skills are the

key to employability (Table 1).

21st Centu .
. Yy Relevance in Automated Systems
Skill
.. Essential for rigorous analysis of
Ciritical . . - .
1. information, diagnosis of com-
Thinking L .
plex situations, and formulation
and Problem . . L
. of effective and logical solutions in
Solving .
various contexts.
Fundamental for effective inte-
Collabo- . e
. raction in multidisciplinary work
ration and . .
teams, the negotiation of ideas,
Commu-
L and the successful management of
nication .
group projects.
.. Applied in the generation of ori-
Creativity R
ginal ideas, the search for novel
and Innova- .
. . approaches, and the adaptation of
tion (Design o .
1 existing solutions to new challen-
Thinking) .
ges or scenarios.
Necessary for the development of
individual responsibility for one’s
Autonomy . .
own learning process, the conti-
and Self-Ma- S
nuous acquisition of knowledge,
nagement . .
and proactive adaptation to chan-
ging environments.|

Source: Own creation
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Methodology

Type of Research

This study is conceived as a qualitati-
ve case study. It focuses on the curriculum
of an academic program for Technicians
in Machines with Automated Systems at
the IPN’s foreign academic unit (CECyT
16 “Hidalgo”). This approach allows for a
deep understanding of the dynamics and in-
ternal logic of curriculum design in its real
context, with the 2021 study programs of
the professional learning units: lathe and
milling machine operation, mechanical
parts manufacturing, hydraulics and pneu-
matics, and electric motor control.

Sample and Analysis Units

The study sample consists of the four
learning units from the fourth semester of
the Technician in Machines with Automa-
ted Systems program at CECyT 16 “Hidal-
go,” school year 25-2 (January-July 2025).
The analysis units are the textual descrip-
tions of the expected learning outcomes (),
the active methodologies applied, and the
21st-century skills applied that are contai-
ned in the study programs.

Data Collection Instruments

The academic programs of the four
learning units, presented in tabular format,
constituted the main data collection instru-
ment. The tables explicitly contain the va-
riables to be analyzed, allowing for a direct
and systematic examination of the curricu-
lar intent.

Data Analysis Process

The analysis of the textual data was
carried out in the following phases:
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1. Information Reduction: The tables
were reviewed to identify and separate
relevant units of meaning. References
to active methodology, 21st-century
skills, and the activity environment
(classroom or laboratory) were treated
as a unit of analysis.

2. Open Coding: Descriptive codes were
assigned to each unit of analysis. The
variables: Teamwork and Collabora-
tion were grouped under the category
Collaborative Skills; Critical Judgment
and Critical Thinking were coded as
Critical Thinking.

3. Categorization and Contextualization:
The codes were grouped into broader
thematic categories to identify patter-
ns and trends. This process, which is
not linear but recurrent, allowed for
the creation of a consolidated table for
the visualization of the findings. The
recurrence and distribution of metho-
dologies and skills were analyzed, con-
sidering the context of each learning
unit and its relationship with the en-
vironment (classroom or laboratory).
The contextualization of data is essen-

tial for obtaining meaningful results.
(1)

Analysis of Results

To summarize the findings of the con-
tent analysis, the following consolidated ta-
ble illustrates the frequency and distribution
of active methodologies and 21st-century
skills in the fourth-semester curriculum.
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Academic Program: Technician in Machines with Automated Systems

Learning Unit: Lathe and Milling Machine Operation

Expected Learning

Active metho-

21st-century skills applied

Key activities (lear-

dology applied ning environment)
Recognize the basic Collaborative - Teamwork Classroom:
elc?n}ents of t}.le lathe ar%d learning - Effective communication | - A comparative table
milling machine, applying . .
. g is drawn up with the
safety and collaborati- - Responsibili- r
characteristics of the lathe
ve work standards. ty and tolerance o )
and the milling machine.
- Critical thinking
Assemble materials Flipped - Self-management Classroom:
?md tools using critical Classroom - Collaboration -The teacher supports
judgment and safety. h ion of
- Responsible use £he preparation ot a
. descriptive report on
of equipment
the assembly process.
- Critical thinking
Prepares process sheets Case study - Problem solving Classroom:
with .machlmrTg cal- method - Collaboration - Students develop a
culations, solving .
. - practical case report
complex problems. - Effective communication .
with process sheets.
Demonstrate basic Flipped - Teamwork Laboratory:
turning operations based | Classroom

on the process sheet.

- Time management

-Students machine the
workpiece on a lathe.

- Responsibility

- Ciritical thinking
Apply advanced turning Problem-Based | - Problem solving Laboratory:
techmques' (con.es' and Learning (PBL) | _ Use of measu- - Process sheets, calcu-
threads) with critical . . . .
) ring equipment lations, and machined
judgment and care. arts are analvzed

- Collaboration P yzed:

- Responsibility
Demonstration of Flipped - Sustainability Laboratory:
basic milling opera- Classroom - Collaborative work -Work report and milled

tions on flat surfaces
and simple profiles.

- Responsibility

part with annotations.

DOI https://doi.org/10.22533/at.ed 5585122530097

ACTIVE METHODOLOGIES AND 21ST CENTURY SKILLS AT CECYT 16 “HIDALGO" IN THE AUTOMATED SYSTEMS MACHINERY PROGRAM

~
4

5}
z
<




Academic Program: Technician in Machines with Automated Systems

Learning Unit: Manufacturing of Mechanical Parts

Expected learning Active methodo- 21st-century Key activities (lear-
logy applied skills applied ning environment)
Critically and analytically Flipped classroom and | - Critical thinking Classroom:
describe mechanical part collaborative learning | Graphic expression | - Standardized plans

drawings in accordance

are described

with ISO standards for the - Individual and
manufacturing process. social responsibility
Interpret process sheets Flipped classroom and | - Critical thinking Classroom:
according to parame- collaborative learnin .
g. . p & | - Teamwork -The teacher explains
ters, conditions, and .
. . e what the process sheet is
standardized plans. - Social responsibility
- Questions are asked re-
garding its interpretation
Determines working con- | Flipped classroom and | - Technical and Classroom:

ditions and machining pa-
rameters for chip removal.

collaborative learning

critical analysis

- Problem solving

- Calculate parame-
ters and conditions

Machining mechanical
parts by chip removal,
applying sustaina-

bility principles.

Project-based le-
arning (PBL)

- Creative thinking

- Responsible and

collaborative work

- Sustainability

Laboratory:

-A machined part is
made according to plans

Determine process parame-
ters without chip removal.

Collaborative work
and problem solving

- Solving com-

plex problems
- Sustainability

- Decision making

Classroom:

-More complex calcu-
lations explained by
the machining para-
meters instructor

Manufactures parts using
non-cutting processes
for automated systems.

Project-based le-
arning (PBL)

- Use of emerging
technologies (such
as 3D printing)

- Technical verification

- Responsibili-
ty and safety

Laboratory:
-The project and finished

piece are constructed
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Academic Program: Technician in Machines with Automated Systems

Learning Unit: Hydraulics and Pneumatics

Expected learning Active methodology applied 21st-century Key activities (lear-
skills applied ning environment)
Recognize fluid and pressuri- | Flipped classroom, pro- - Analytical thinking | Laboratory:
.zed energy generation systems blem—baseld learnu?g, - Social responsibility | -Practice identi-
in hydraulics and pneumatics. | collaborative learning ine hvdraulic and
 Effective fying hydraulic an
L pneumatic systems
communication

- Collaborative work

Schematize hydraulic and
pneumatic components with
symbols and operation.

Flipped classroom, chal-
lenge-based learning

Creativity

Effective
communication

Organization

Collaborative work

Classroom:

-The teacher explains
the standard sym-
bols for elements

Relate elements and sym- Collaborative lear- Decision making Classroom:

bols of basic }}ydfaul%c ning, workshop Critical thinking -Identification of ele-

and pneumatic circuits. . s
Teamwork ments in basic circuits

Manipulate sequential Project-based learning Sustainability Laboratory:

anfi combmatlor.ml o Effective -Construction

cuits based on diagrams. . . .
communication and simulation of
Critical thinking seq}lennal./cor.nbl—

national circuits

Problem solving

Explains how complex Flipped classroom, chal- Social responsibility | Classroom:

circuits work using sym- lenge-based learning Critical thinking - Analysis of elements

bols and standards.

Decision making

in industrial circuits

Builds and operates com-
plex hydraulic and pneu-
matic circuits, detecting
and correcting faults.

Project-based learning

-Innovation
- Ciritical thinking

- Personal
responsibility

- Collaborative work

Laboratory:

-The aim will be to
find solutions to faults
in industrial circuits
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Academic Program: Technician in Machines with Automated Systems

Learning Unit: Electric Motor Control

Expected learning Active methodo- 21st-century Key activities (lear-
logy applied skills applied ning environment)
Recognize the elements for | Collaborative Critical thinking Classroom:
controlling and protec- learning: Trigger .
dine elect g tp " & igs - Questions about automated
ing electric motors. uestions, grou . .
& q, L g P . doors and verbal discussion.
discussion, identifi-
cation and labeling -The teacher explains the
of components. importance of motors
and shows examples (fans,
washing machines).
Demonstrates how Challenge-based Analytical thinking | Classroom:
basic circuits work learning, simulation .. . .
. & . .| Use of digital Practical demonstrations
through physical con- collaborative learning . N .
. technologies and circuit simulations
nection and software.
Teamwork

Following sa-

fety rules
Build electrical circuits Project-based learning, | Creativity Laboratory:
with control and power cooperative learning Critical thinking “Physical assembly and

elements, applying regu-
lations and sustainability.

. qs circuit simulation
Social responsibility

Collaborative work

Uses frequency conver-
ters to control the speed

Problem solving,
simulation

- Problem solving Classroom:

. - Creativity, -Practice speed control
of electric motors. .
. ... | with frequency converter
- Social responsibility
Connect and use electronic | Project-based learning | Innovation Laboratory:
devices to control motors. .. . .. .
Critical thinking -Practice integrating

. electronic devices
Collaborative work

Performs preventive and
corrective maintenance on
control and power circuits.

Challenge-ba-

sed learning

Responsibility Laboratory:

Problem solving -Practice in detecting

and correcting faults

Collaborative work

Analysis by Learning Unit:

e Lathe and Milling Machine Ope-
ration: The curriculum for this unit

follows a deliberate pedagogical se-

quence, starting with initial activi-

ties to recognize parts, which are car-

ried out using collaborative learning

and the flipped classroom approach,

promoting

teamwork and critical
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thinking. Complex activities, such as
creating process sheets and machining
parts, are linked to the Case Method
and PBL, solving complex problems
and working as a team to apply them
in practice.

* Manufacturing of Mechanical Parts:
Here, there is a clear duality between
theoretical work in the classroom and

10
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practical application in the laboratory.
The phases of describing and inter-
preting plans are carried out in the
classroom using methodologies such
as the Flipped Classroom and Colla-
borative Learning, which focus on
critical thinking. On the other hand,
the machining of parts is carried out
in the laboratory, using Project-Based
Learning (PBL), which promotes sus-
tainability, creative thinking, and the
use of emerging technologies.

* Hydraulics and Pneumatics: This is
the most methodologically diverse te-
aching unit, focusing on innovation,
creativity, and complex problem sol-
ving. The relationship between the task
and PBL methodologies, where the
curriculum seeks to prepare students
for the real world, in which they will
encounter diverse problems to solve.

¢ Electric Motor Control: The empha-
sis in this unit is on practical appli-
cation and maintenance; assembly,
simulation, and preventive and cor-
rective maintenance activities are di-
rectly linked to methodologies such as
Project-Based Learning and Challen-
ge-Based Learning. This directly alig-
ns learning with job tasks, fostering
skills such as responsibility, creativity,
and complex problem solving in the
laboratory.

There is a clear correlation between the
complexity of the learning task and the ac-
tive methodology selected. Tasks involving
the recognition of basic concepts and the
acquisition of theory are approached with
more structured approaches such as Colla-
borative Learning and the Flipped Class-
room, which provide a solid foundation of
knowledge. In contrast, more complex tasks
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that require innovation or the resolution
of unforeseen problems are associated with
more open-ended methodologies such as
PBL and RBL. This pattern indicates that
the curriculum is not a simple list of acti-
vities, but rather an intentional pedagogical
design that seeks progression from the ac-
quisition of concepts to creative application
and real-world problem solving.

Discussion

Curriculum Alignment and
Graduate Profile

The analysis shows strong consisten-
cy between the fourth semester curriculum
design and the program’s graduate profile,
which requires graduates to have leadership
skills, teamwork skills, the ability to propose
solutions to problems, and a commitment
to sustainable development. The recurrence
of skills such as critical thinking, complex
problem solving, collaboration, and sustai-
nability in the learning units analyzed is a
strong indicator that the curriculum is de-
signed to foster the development of these
cross-cutting competencies. In this way, CE-
CyT 16 “Hidalgo” is training its students to
become well-rounded professionals, capable
of facing the challenges of modern industry.

Pedagogical Strengths of the
Design

The curriculum design has a number
of pedagogical strengths, such as: the logi-
cal progression between learning units is
evident, students begin with knowledge of
machinery operation and then move on to
parts manufacturing, control systems, and
finally, complex problem solving in the la-
boratory. The curriculum promotes comple-

1
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mentarity between the methodologies used,
alternating between classroom and labora-
tory work, allowing for a complete learning
cycle, where the Flipped Classroom introdu-
ces theory autonomously, while PBL allows
for practical application and innovation.

Challenges and Future Implications

The effective implementation of these
active methodologies requires a fundamen-
tal change in the role of the teacher, who
must shift from being an instructor to a faci-
litator, guide, and mentor. This change is not
trivial and raises the critical need for robust
and continuous teacher training programs;
the success of approaches such as Challen-
ge-Based Learning depends on the teacher’s
ability to guide students with trigger ques-
tions, allowing them to make mistakes and
learn from them, rather than providing di-
rect answers. Therefore, the challenge for
the institution is not limited to creating an
innovative curriculum on paper, but also
to providing the resources, training, and
support necessary for these methodologies
to be successfully implemented in the clas-
sroom and laboratory. The sustainability of
this pedagogical model ultimately depends
on the institution’s commitment to the con-
tinuous training of its academic staff.
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