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Abstract

Objective. To observe the behavior of expertise, communication, and critical thinking with
the project method. The research was carried out at Universidad Santo Tomas de Tunja with
students from various undergraduate courses and with projects that are part of obtaining a
civil engineering degree. Interviews, surveys, and observation grids were applied to teach-
ers, instructors, and students. This was done with four undergraduate projects under the
direction of the principal researcher, four teachers, four instructors, and ten students. The
research began in 2012 and was documented from 2014 to 2018. Significant progress was
observed in expertise, teamwork, critical thinking, and human competences. The results
contribute to engineering education, although they may be useful for other professions.

Keywords: Life competences, Expertise, Project method, Experimental pedagogy, Critical
thinking, and Experimental project.

Resumen

Objetivo. Observar el comportamiento de la experticia, la comunicacion y el pensamiento
critico con el método de Proyectos. La investigacion se llevo a cabo en la Universidad Santo
Tomas de Tunja, con estudiantes de varios cursos de pregrado y con proyectos para optar
al titulo de ingenieros civiles. Se aplicaron entrevistas, encuestas y rejillas de observacion
a docentes, monitores y estudiantes. Se hizo en cuatro proyectos de pregrado con la direc-
cién del investigador principal, cuatro docentes, cuatro monitores y diez estudiantes. La
investigacion se inicié en el afio 2012 y se documenté desde el 2014 al 2018. Resultados y
conclusiones. Se encontraron avances significativos en la experticia, el trabajo en equipo, el
pensamiento critico y en competencias humanas. Los resultados aportan a la educacion en
la ingenieria, aunque pueden ser Utiles a otras profesiones.

Palabras clave: Competencias para la vida, Experticia, Método de proyectos, Pedagogia ex-
perimental, Pensamiento critico y Proyecto experimental.
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Llenb. PaccMoTpeTh noBejeHUe KOMMNETEHTHOCTU, KOMMYHUKALMM 1 KPUTYECKOTO MblLL-
JIEHVS1 C TOMOLLIbH METOAA NPOEKTOB. McceloBaHe MPOBOAUIOCH B YHUBEpCUTETE CaHTO
Tomac fie TyHxa, o CTyAeHTaMU HeCKo/IbKMX KypCcoB 6akanaBpuata v ¢ poekTaMu Ha TUTYN
MHXeHepoB-cTpouTeneii. IHTepBbIo, ONPOCkl 1 HabAaTeNbHble CMUCKY NPUMEHSINCH
K yunTensim, BOCMUTATeNsIM 1 yUYeHMKaM. 3T0 Bbl10 CAeNaHo B paMKax YeTbipex NpoeKkToB
ANs CTyAeHTOB 6akanaBpuaTta noj pykoBOACTBOM [MIaBHOTO UCCIe0BaATENSs, YETbIPEX Mpe-
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nojasareneli, YeTblpex BoCNuTaTeNeN N AecaTy CTYAEHTOB. MccnegoBaHmne 6bI10 HavaTo
B 2012 rogy v sokymeHTupoBanocb ¢ 2014 no 2018 rog. Pe3ynbtaThbl 1 BbIBOAbI. 3HaUU-
TeNbHble ycnexy bbiny 06HapyXKeHbl B Taknx 061acTsX, kak KOMNeTEHTHOCTb, KOMaHAHas
paboTa, KpUTMYECKoe MbIlUAeHUe U TyMaHUTapHble HaBblKU. MoyyeHHble pe3ynbTaTbl
CNOCO6CTBYIOT Pa3BUTUIO MHXEHEPHOrO 06Pa3oBaHKS, XOTA OHW MOTYT 6biTb NMOME3HbI U
Ans apyrmx npodeccuii.

KntoueBble cnosa: )XM3HEeHHble HaBbIKY, 3KCI'IepTI/IBa, MeTog, NpOoOeKTOoB, 3KCI'IepI/IMeHTaI'Ib-
Had nejarorvika, KpI/ITVIl—IECKOE MbILLINEHNE N 3KCI'IepVIMEHTaJ'IbeII7I MNPOeKT.

Introduction

In the third decade of the 21st century, new challenges are faced in education that re-
quire the formation of visions of the future, with paradigms of equity and social justice
in a world built in the physical, social, political and environmental aspects, given that
the concentration of economic resources increasingly falls on a few people. Therefore,
it is necessary to train and be trained to act in scenarios in which the vital and intellec-
tual force can be put, to build not only professionals with instrumental competences
but also human beings (Nussbaum, 2011). It is vital to contribute to the reorientation
of the world to give priority to human development rather than economic growth,
from the place where we are acting so that there is better coexistence, based on a
greater redistribution of wealth, knowledge, education and resources (Sen, 2012; Peri-
co-Granados, 2017).

In this regard, training is an act that includes several elements that collectively facili-
tate the making of human beings to promote them in all dimensions: physical, men-
tal, emotional, and spiritual. This can in turn be enhanced with the participation of
entertaining processes, such as comprehensive training (Gadamer, 2003). Training
also involves the ability to observe its context, review the existing problems, analyze
potential solutions, and seek to build a better future for that environment (Freire &
Faundez, 2018). Comprehensive training has a policy that urges people to strength-
en civil society so that it dominates the State and the State dominates the market
(Pérez-Tapias, 2017). Thus, it is essential to promote training in human competences
over other possibilities (Di Marco, 2020).

On the contrary, an essential part of training is environmental sustainability educa-
tion. This is necessary in all professions and even more so in engineering, since it
is directly related to exploiting materials, their transformation, use, and disposal in
construction processes (Leonard, 2011). Now is the time, in 2020, to conserve and
recover the environment in education before it is too late (Nussbaum, 2011). These
professionals are also concerned with conserving the paramos and forests to store
water that is carried through aqueducts. In addition, the treatment of wastewater is
an essential part of the work, so when it is delivered to the effluent bodies, it is decon-
taminated (Leonard, 2011).

In this regard, when training professionals, especially engineers, holistic training is
required, including disciplinary and humanistic aspects (Covey, 2013). In this way,
it is necessary to train in expertise close to the profession, in building solid knowl-
edge and communicating it, in teamwork, in promoting better human beings, and
through reflection to encourage critical thinking as an essential component to grow
and strengthen democracy (Aguirre, 2017). Communication is an important aspect in

Publicaciones 52(3), 305-317. https://doi.org/10.30827/publicaciones.v52i3.22275
Perico-Granados, N. R. et al. (2022). Project method to build knowledge...

307


http://doi.org/10.30827/publicaciones.v48i2.8331

308

building knowledge, as when used properly, it facilitates learning (Castellanos-Ramirez
et al., 2020). These aspects should include projects and research related to the envi-
ronment, which is getting increasingly degraded due to human activity (Perico-Grana-
dos, 2017b). It is a process that must contribute to reducing poverty and increasing
freedom to learn about principles and values (Sen, 2012).

One way that contributes to the construction of knowledge through action, experi-
mentation and reflection is with the project method proposed by John Dewey (Plate,
2011). This method allows learning through practice, materials, laboratories and their
results, from the confrontation with other concepts, as developed by Kilpatrick (UN-
ESCO, 2000). It is also successful when the project is close to the students and corre-
sponds to their interests (Trilla et al., 2001).

The method, applied correctly and taking advantage of all its potentialities, trains in
disciplinary competencies such as expertise. At the same time, it contributes to the
formation of human beings who practice it in aspects such as solidarity, cooperation,
autonomy, knowledge construction, critical thinking and teamwork (Zhou et al., 2012;
Jamison et al., 2014). These are some of the aspects addressed in the present research,
which was carried out in Tunja, at the Universidad Santo Tomas, in Civil Engineering,
with professionals, young researchers, monitors and students.

Addressing this issue is essential due to the importance in designing and constructing
safe work in the world, especially in Colombia (Perico-Granados & Arévalo-Algarra,
2019). Additionally, more training in human competences is required to overcome cor-
ruption and consumer society, aspects that burden the human development process.
It is also important to reduce inequalities with a good education, which is one way to
overcome poverty, given that the poor have fewer opportunities and fewer capaci-
ties to progress (Sen, 2012). Then, as a requirement, working appropriately to use the
method so teachers gain all its potential must be considered. Teachers, in turn, will
do the same with their students and have well-designed and built works created by
excellent human beings (Granados et al., 2017).

It is a contemporary method, with educational processes in engineering, with differ-
ent didactics and great potential in human formation. (Garcia-Castro et al., 2018; Ma-
drid-Hincapié, 2018). Then, it is expected that professionals, teachers and students
can contribute with new actions to comprehensive training, which are being worked
on in several European and Canadian universities (Jamison et al., 2014).

Materials, Methods, and Results

The research was documented between 2014 and 2018, as part of a project at Uni-
versidad Santo Tomas called “Training civil engineering teachers.” Four projects were
involved, led by the principal researcher. The following people served as researchers:
an engineer and a student in “Variation of vegetation cover in Boyaca,” conducted be-
tween 2014 and 2015; an engineer and two students in “Causes of floods in Tunja and
proposed solutions” in 2015 and 2016; a biologist and seven students in “Study and
revitalization of the Siscunsi paramo” in 2016 and 2017; and a biologist and two stu-
dents in “Phytoremediation in previously untreated wastewater. Case study: Tierra Ne-
gra, Boyaca,” in 2017 and 2018. Interviews, surveys, observation grids, and workshops
were conducted to establish the progress in knowledge building in expertise, commu-
nication, and critical thinking related to the environment using the project method.
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Weekly meetings were held to review project progress with the researchers as well
as with students, instructors, and young researchers. The follow-up was carried out
with reflections on actions taken and planning the following week as proposed in
the educational action research study (Elliot, 2005). The instructors and researchers
followed up with the students to review the learning objectives, as stated by other
authors (Jamison et al., 2014). Periodic workshops, observation grids, interviews, and
surveys were held. It was evaluated by applying instruments each semester to observe
the processes and improve the new tasks with guidance from the principal researcher.
The information obtained was triangulated and conclusions such as those described
in the following sections were obtained. The projects were completed with what was
planned in the educational research actions (Perico-Granados et al., 2015).

Building Expertise Related to the Profession

By applying the instruments and with monthly reflections, the growth in expertise and
autonomy by the researchers and students was notable as the studies developed. Ex-
pertise is understood as a combination of practical experience, theory, and autonomy
as the ability to make one’s own decisions (Jamison et al., 2014). In this regard, in the
vegetation cover project, the researcher and student decided to learn about the clas-
sification of areas, instruments used, measurements, correction methods, and project
scope. Their expertise and autonomy gradually grew through field work, experiments,
and in building concepts. Then, they were instructors in the Master of Aquatic Environ-
ment, which ended successfully.

The research project was based on Landsat images with an evaluation on land cover
in Boyaca. The variation in area of forests, pastures, crops, buildings, erosion, and
snow, among others, was assessed. All variables represent important elements in en-
gineering. In this regard, the student analyzed the areas that create water storage in
forests and paramos from which drinking water supply is obtained (Sudrez, 2015; Peri-
co-Granados et al., 2015). They built knowledge in their profession and independently,
they each continue to study aspects of hydrology and the aquatic environment. They
also continue to progress and guide classes and research as teachers in universities in
these same subject areas.

In the second project, the engineer and the students were trained in expertise and
autonomy based on decisions about visits, obtaining samples, and information. The
students successfully presented on their practical experience compared with the the-
ory of hydraulics and hydrology (Acevedo & Sanchez, 2016). They assessed the Jordan
and La Vega rivers to highlight the obstacles that prevent water’s normal flow or circu-
lation, leading to floods. Thus, a process to model the floods in the city was conducted,
and they built knowledge related to their profession and wrote an article for publica-
tion (Acevedo & Sanchez, 2016).

In the third project, the professional and the students worked in the field, took soil
samples, characterized them in the laboratories, studied concepts and with their anal-
ysis were trained in expertise. The students took the initiative in the tours, made the
diagnosis and projected with modeling the potential water reserves and were trained
in autonomy (Puerto & Garcia, 2016). They made a diagnosis of the vegetation cover
in the Siscunci paramo, in Sogamoso, to know the water retention capacity. The dete-
rioration of this area was seen and with the modeling for the studied scenarios they
proposed recovery actions (Perico-Granados et al., 2015).
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The biologist and the students in the Tierranegra project were trained as experts with
the work in the construction of the pool, obtaining of the buchons, taking and testing
samples of these and of the water before and after the pool, their analysis in certified
laboratories and confrontation with the concepts that guided the project, during one
year, in the field work. The students were autonomous in their execution during this
period, with the guidance of the principal investigator. These aspects were evidenced
in the instruments applied and in the weekly reflection meetings. Their activity was
immersed in the topic of the environmental component, which is a central part of the
civil engineering profession (Araque et al., 2020).

Building Solid Knowledge and Communicating It

It was found in observations and voices of the actors, in all projects, that problem solv-
ing skills increased, as well as interpersonal skills. Motivation was present to conclude
the research, disciplinary knowledge and human competencies were consistently built,
such as communication, based on the orientation for this purpose (Perico-Granados
et al., 2015). The oral expression capacity was substantially raised, the projects’ sus-
tentation was excellent, they developed excellent reports and published their results.

In this regard, in the vegetation cover project, the student also developed verbal flu-
ency in the presentations and in the way they and the principal investigator dealt with
each other (Sudrez, 2015). The team was motivated during the project and both ac-
quired solid knowledge in conservation and recovery of moorlands, aspects that they
deepened in the master's degree in Engineering. The student acquired professional
skills such as making real diagnoses, locating appropriate and relevant information,
modeling scenarios and proposing government policies based on her research. It was
found, both in the interviews and in the observations, that the construction of knowl-
edge was done in a solid way and that the actors increased their capacities to com-
municate it. They advanced in confidence to expose their results in a partial way and
the student sustained her public policy proposal. An excellent report was made and an
article was published in the proceedings of the V International Engineering Congress
(Perico-Granados et al., 2015). Presentations were held at local, national, and interna-
tional events. In the call for young researchers, she ranked first among more than ten
applicants.

In the Jordan and La Vega rivers project, the students progressed in interacting with
their peers, the engineer, the principal researcher, and the laboratory workers. They
learned to solve problems such as measuring areas and interpreting and using the
land registry and hydrology and hydraulics models. They were motivated to complete
nearly double the work initially proposed and increased the scope and results (Ace-
vedo & Sanchez, 2016). Based on the project, today they know how to assess work
on a specific route. They know how to process the information gathered and how to
develop a flood model with different programs. They have the competences to make
good presentations and produce research reports. They also built solid knowledge
and demonstrated it in written documents as well as through oral support, with great
success. Based on their knowledge, they proposed alternatives to solve the problem
of flooding in Tunja (Acevedo & Sanchez, 2016). The project led to another interdisci-
plinary project to establish early warnings, which was registered under this name at
Universidad Juan de Castellanos in Tunja.

In the Siscunsi project, the professional and the students had frequent interaction to
build knowledge in the tours, laboratories and analysis of results, with the guidance
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of the principal investigator. Problem solving skills increased in these processes and
they proposed several scenarios to recover the paramo. Students learned how to take
samples in the field, develop laboratory tests and contrast the results with theory. They
used models such as HEC RAS and IBER, learned to structure projects, obtain relevant
information, and present information properly. The degree of knowledge was highly
evident because of their experiences at different work sites and the laboratory tests
they prepared.

In the phytoremediation project, the biologist and the students regularly interacted
with each other, the principal researcher, and the community so that they had first-
hand information. The students planned the project, located the supply of the com-
mon water hyacinth, planted them, monitored them in the pool built especially for this
purpose, took water samples, and then checked the samples in the laboratory and an-
alyzed their results. In this way, they built solid knowledge, and less than a year after
the project ended, they are working on similar projects in the department of Casanare.
Similarly, the team developed communication competences in oral expression and in
disseminating their results. They presented several papers in different spaces and
published a general circulation article as well as one for a scientific journal (Araque
et al., 2020). Similarly, they prepared a book chapter and submitted it for peer review.

Critical Thinking and Teamwork

Professionals, instructors, and students showed growth in building critical thinking
and taking initiative. They saw themselves as the main protagonists, and they ex-
pressed that they gained teamwork skills. The projects encouraged actors to study
areas they were interested in based on taking samples, analyzing laboratory tests, re-
viewing, and contrasting them with concepts and authors. The students took positions
in regard to poorly designed or poorly constructed work and proposed new ways of
completing them safely, complying with design and construction standards. This con-
cept is similar to that suggested by authors such as Quintar (2008), Madrid-Hincapié
(2018), and Perico-Granados and Arévalo-Algarra (2019) on taking a critical stance on
surrounding reality.

In the vegetation cover project, the researcher and the student took a leading role.
They took the initiative in searching for information and the project's development.
The student strengthened critical thinking regarding climate change with the findings
in the thawing of the Nevado del Cocuy, the increased erosion, and the loss of forests
by more than 50%. She took the initiative to propose government policy processes to
revive these areas with draft municipal agreements to present them to councilors from
the population centers. She also took the leading role in searching for information
from the department of Boyaca, made decisions about areas of study, defined cate-
gories of areas to develop, analyzed results, and compared them with other studies
(Suérez, 2015).

We listened to the voices of the actors and saw in the projects, the action of subjects
to build knowledge, the increase of solidarity and cooperation. The student played the
role of apprentice subject, she was formed in the discipline of engineering with her
findings, analysis of results and conclusions. The proposals she made are oriented
to develop reforestation processes, motivated by tax exemptions (Sudrez, 2015). The
project was permanently evaluated with successful and the data obtained were con-
fronted with the theories studied.

Publicaciones 52(3), 305-317. https://doi.org/10.30827/publicaciones.v52i3.22275
Perico-Granados, N. R. et al. (2022). Project method to build knowledge...

31


http://doi.org/10.30827/publicaciones.v48i2.8331

312

In the flooding project in Tunja, the students took initiative through visits along the riv-
ers and by collecting information from companies. Their critical thinking was strength-
ened by the State's negligence due to the lack of initiative in early warning processes.
This put the city of Tunja at high risk with a potential avalanche similar to Salgar in An-
tioquia, Mocoa in Putumayo, or La Chapa in Tasco (Perico-Granados & Arévalo-Algarra,
2019). They took the lead in the field visits, data collection, measurements, analysis of
results, and drawing conclusions. The principal researcher guided the process through
the weekly check-ins. The teacher proposed streamlining the objectives to avoid ener-
gy dispersal (Acevedo & Sanchez, 2016).

The students also developed capacities as subjects to learn as the process developed,
by obtaining information and confirming it in the laboratory. By interacting during the
project, they built knowledge from different tasks, and the camaraderie was also ex-
cellent, demonstrating clear progress in teamwork. The presentations demonstrated
that the students learned autonomously, as they presented results at the weekly eval-
uations. They also showed good teamwork and both offered valuable contributions
with mid-term reports and progress on field tests and trials with continual evaluation,
until the project successfully ended (Acevedo & Sanchez, 2016).

In the Siscunsi paramo project, the professional and the students regularly took
initiative in the field work and in laboratory tests. They gained critical thinking with
knowledge on the damage in the paramo, especially with reduced coverage from the
vegetation layer. They proposed policies and actions to conserve and revitalize it in
various settings. They played a continuous lead role in the ten trips to the paramo with
a two-hour drive in vehicles and on foot throughout the day. There, they took samples,
conducted laboratory tests, obtained data to set up the scenarios with different pro-
grams, analyzed results, and developed conclusions (Perico-Granados et al., 2015).

In the phytoremediation project, the students used readings suggested by the princi-
pal researcher, and together with the professional, they observed sites with water con-
tamination due to sewage. This encouraged the development of critical thinking. They
built knowledge throughout the process with practical work and theoretical concepts.
In the same way, they developed teamwork with the activities they worked on togeth-
er, such as building the swimming pool, which they did as a group. They took the sam-
ples from the water and the common water hyacinth and worked in the laboratories
to analyze the results together. However, in some cases, they alternated between the
two students because of their other academic responsibilities (Araque et al., 2020). In
general, the students were proactive, and as subjects learning various methods for
field work and laboratories, they built solid knowledge foundations. Teamwork was
good; they completed tasks together and with others and divided the work to perform
better. During the entire process, the progress in field tests, laboratory tests, and in-
formation searching for modeling was continuously evaluated.

Better Human Beings

In all the projects, the actors consolidated human competencies such as solidarity,
cooperation, teamwork, autonomy and critical thinking, among other elements that
contributed to their integral growth. Likewise, the method was observed to reduce
student desertion and academic mortality, based on the development of a taste for the
profession, enhanced by field experimentation and laboratory tests. In the students
who participated during the execution of the projects, these indicators were zero and
learning increased with the description and construction of the problem. The projects
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were successfully concluded and the actors observed the harmful processes of de-
forestation, the decrease of snow cover, the increase of eroded areas and urbanized
areas, aspects that increase environmental problems. They grew in the disciplinary
part and as human beings.

Likewise, in all the projects the students solved the problems that were presented
to them in the process, worked as a team, with autonomy, solidarity, cooperation,
responsibility, perseverance, presented excellent results, developed permanent inter-
action among themselves, with laboratorians, monitors, the professor and the princi-
pal investigator. They were creative in the search for information and in the activities
for the creation of future scenarios and learned about sustainable development. They
were trained as lecturers, wrote articles for dissemination, grew in knowledge of the
profession and in integral formation.

Discussion

The expertise that was developed in the four projects was visible in the students’ pre-
sentations, reports, and their support for the final projects. Progress was seen in the
practical aspect, in the samples that they themselves took in the field, and in seeking
concepts to defend their conclusions. The projects were aimed at conserving and re-
vitalizing the paramo environment, watershed, regional deterioration, and essential
aspects for water retention, which was then provided through aqueducts, a funda-
mental task carried out through engineering. In this regard, with the project method,
given that they had practical experience and with the teacher’s guidance, content can
be seen that corroborates through experimentation that students consolidate their
knowledge building and gain expertise (Kolmos et al., 2013).

In addition, as autonomous people and as professionals, both researchers and stu-
dents experienced continual growth. They all continue to work on activities in the same
field, in engineering as well as in teaching and research. Three of the researchers are
continuing with postgraduate studies. With this work, they hope to make additional
contributions to the environmental sphere. In this sense, with the project method,
based on the processes of experimentation and leadership of those who participate in
it, they are empowered and motivated to the extent that the knowledge they gain im-
pacts them for a long time and can continue to affect their work (Jamison et al., 2014).

All the participants learned to use the tools, which were used on the samples, and the
laboratory instruments to verify findings. They learned to solve different kinds of prob-
lems to complete their specific learning objectives. They did so under the guidance
of instructors and based on reflection to familiarize themselves with the procedures.
In this regard, a characteristic of this method is that it motivates and trains students
to solve problems in their environment and in everyday life (Perico-Granados, et al.,
2017).

In all the projects, disciplinary and human competences were gained, which were evi-
dent as they were completed and as they developed skills to communicate them orally.
They empowered themselves through practical experience and with the security that it
generated; they presented at different events, with national and international presen-
tations, supporting their projects in an organized and distinctive manner. Proposals
and presentations were made on public policies to reassess the conservation of forests
and paramos. In this sense, with the fundamentals offered by the method and its ap-
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propriate application, it promotes empowerment of knowledge that allows the actors
to take ownership of the topics to present them confidently (Kolmos et al., 2013).

In addition, the progress in preparing tests and reports was important, given the
preparation that was required, with the proposed guidance (Perico-Granados et al.,
2015). In all of them, mid-term reports and a final report were submitted for each
project. Articles were also written, of which four were published and one is pending. In
these articles, specific actions are proposed to conserve forests, paramos, and ecosys-
tems that are necessary for the future of human beings. In this regard, the motivation
generated by this method leads to growth in many aspects, including those related to
the profession and among the actors' relationships with each other. These aspects pro-
mote research among students and the dissemination of their results (Kolmos, 2015).

The researchers and students built in-depth knowledge in their specific research areas,
given their motivation, commitment, dedication, and interest obtained by the method.
Two researchers continue to work on the same issues and have submitted proposals
in their municipalities to develop reforestation incentives based on tax relief. From
these studies, other studies have emerged that are in progress to revitalize the para-
mos and provide early warnings to reduce the risks of floods and mass erosion. In this
sense, with the learning that came as a result of the projects, researchers and students
continue to conduct research and more topics arise, continuing along the same line
(Hernandez et al., 2015).

With these actions, the researchers and students in particular learned critical thinking
and teamwork skills. With the students’ analysis of works in the environment, during
their complete process, up to comparing their results with theories, they took a po-
sition on poorly designed or constructed works or their absence due to State negli-
gence, particularly in forests protection and paramos conservation. As a result, they
suggested alternatives and proposed government policies that they promoted with
different authorities. In this sense, critical thinking leads to facing the reality and see-
ing different options that allow for redirection to build a better world with affections
and affinities (Quintar, 2008; Madrid-Hincapié, 2018; Perico-Granados & Arévalo-Al-
garra, 2019).

In addition, advances in solidarity, cooperation, and collaboration strengthened team-
work. These aspects were solidified with the progression and actions for each project
in addition to how the activities were divided for more effective results. They took
turns at different times, especially when the progression and actions took a long time.
In this regard, because of the circumstances of the work done with a positive learn-
ing design, the students interacted collaboratively and displayed effective teamwork
(Zhou et al., 2012).

Similarly, the project actors became better human beings based on the different com-
petences they acquired and their comprehensive training. In addition, student drop-
outs and academic mortality decreased, and the students learned by studying and
constructing the problem. They interacted more with each other and the members
of the communities to promote actions aimed at protecting the environment. They
acted responsibly, persevered, were creative, and grew in aspects that allowed them
to develop as people. In this sense, with the characteristics of this method, the actors
acquired competences that comprehensively promote the improvement of human be-
ings (Dahl et al., 2016).
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Conclusions

The project participants acquired specialized knowledge thanks to advances in practi-
cal experience and integrated theory on environmental issues, oriented to engineer-
ing. They grew in autonomy, in the use of sampling and laboratory tools, in profession-
al knowledge, in research and problem-solving skills, and several of them, through
their work as monitors, are now successful teachers.

The actors built disciplinary and human competences, which generated the neces-
sary confidence for them to communicate results orally at national and international
events and reports and articles for dissemination and publication in indexed journals.
They made public policy proposals to conserve and revitalize forests and paramos.

From the study, reforestation and recovery proposals with tax relief incentives
emerged based on the students’ growth in critical thinking. They also resulted in new
research on early warnings that can reduce risks of mass erosion.

The students improved their ability to work as a team, based on solidarity and co-
operative work throughout their projects, both in the field and in laboratories. With
the increased comprehensive training that was developed, the researchers grew as
human beings.

References

Acevedo, W., & Sanchez, D. (2016). Propuestas para las inundaciones en Tunja [Tesis de
pregrado]. Universidad Santo Tomas.

Aguirre, J. (2017). Redecir lo humano. Revista colombiana de educacién, (72), 177-197.
http://www.scielo.org.co/pdf/rcde/n72/n72a09.pdf

Araque, L, Britto, M., Cuellar, L., & Perico-Granados, N. (2020). Fitorremediacién en
aguas residuales sin tratamiento previo. Caso: Tierra Negra, Boyaca. Revista de
Tecnologia, 17 (1). https://revistas.unbosque.edu.co/index.php/RevTec/article/
view/2950

Castellanos-Ramirez, J., Nifio-Carrasco, S., & Parra-Encino, K. (2020). Discurso socio-
emocional y construccién compartida del conocimiento en tareas colaborativas
en linea. Revista Electronica Educare, 24 (2), 1-21. http://dx.doi.org/10.15359/
ree.24-2.4

Covey, S. (2013). La sabiduria y las ensefianzas de Stephen Covey. Editorial Grupo Planeta.

Dahl, B., Holgaard, J., Hiittel, H., & Kolmos, A. (2016). Students’ experiences of change
in a PBL curriculum. The International journal of engineering education, 32 (1), 384-
395.

Di Marco, M. (2020). El sentido de la educacion desde lo humano: Apuntes a partir de
Martha Nussbaum y Francisco Ruiz Sanchez. Revista Electronica Educare, 24(1),
1-18. http://dx.doi.org/10.15359/ree.24-1.15

Elliott, J. (2005). El cambio educativo desde la investigacién-accién. Ediciones Morata.

Freire, P., & Faundez, A. (2018). Por una pedagogia de la pregunta. Critica a una peda-
gogia basada en las respuestas de preguntas inexistentes. Siglo veintiuno.

Gadamer, H. (2003). Verdad y método. Editorial Sigueme

Publicaciones 52(3), 305-317. https://doi.org/10.30827/publicaciones.v52i3.22275
Perico-Granados, N. R. et al. (2022). Project method to build knowledge...

315


http://doi.org/10.30827/publicaciones.v48i2.8331

316

Garcia-Castro, G., Ruiz-Ortega, F. J., & Mazuera-Ayala, A. (2018). Desarrollo de la argu-
mentacién y su relacién con el ABP en estudiantes de ciencias de la salud. Revista
Latinoamericana de Estudios Educativos, 14(1), 82-94. 10.17151/ rlee.2018.14.1.5

Hernandez, C., Ravn, O., & Valero, P. (2015). The Aalborg University PO-PBL Model
from a Socio-cultural Learning Perspective. Journal of problem based learning, 3
(2). https://journals.aau.dk/index.php/pbl/article/view/1206

Jamison, A., Kolmos, A., & Egelund, J. (2014). Hybrid learning: An integrative approach
to engineering education. Journal engeneering education, 103 (2), 253-273. https://
doi.org/10.1002/jee.20041

Kolmos, A., Holgaard, J., & Dahl, B. (2013). Reconstruccién del modelo de Aalborg para
ABP, un caso de la Facultad de Ingenieria y Ciencia, Universidad de Aalborg. Simposio
Internacional de Investigacién sobre Aprendizaje Basado en Problemas. Univer-
sidad de Aalborg, Dinamarca.

Kolmos, A. (2015). Design-based research: Issues in connecting theory, research and
practice. Journal: Research in Engineering Education Symposium Sider, 13-15.

Leonard, A. (2011). La historia de las cosas. Nomos Impresores S.A.

Madrid-Hincapié, J. M. (2018). Practicas pedagdgicas del docente de ciencias sociales
para el desarrollo del pensamiento critico y competencias ciudadanas en contex-
tos de vulnerabilidad social. Revista Latinoamericana de Estudios Educativos, 14(1),
150-168. 10.17151/rlee.2018.14.1.9

Nussbaum, M. (2011). Creating Capabilities. Harvard University Press,

Pérez-Tapias, J. (2017). La insoportable contradiccién de una democracia cinica. Editorial
de Granada

Perico-Granados, N., Acosta-Castellanos, P., & Perico-Martinez, N. (2015). El Ensayo,
para Formar Profesionales Reflexivos. Ingenio Magno, 5, 111-119. http://revistas.
ustatunja.edu.co/index.php/ingeniomagno/article/view/885

Perico-Granados, N. R., Caro-Camargo, C., & Garavito, L. N. (2015). El Proyecto en la In-
vestigaciéon Formativa. In Vestigium Ire, 9, 166-174. http://revistas.ustatunja.edu.
co/index.php/ivestigium/article/view/1156

Perico-Granados, N. R., Sdnchez-Olarte, H., & Medina-Roa, J. (2015). Elementos para
exposiciones orales en la formacion profesional. Quaestiones disputatae, 8(16),
69-82. http://revistas.ustatunja.edu.co/index.php/qdisputatae/article/view/954

Perico-Granados, N., Garavito, L., & Sudrez, P. (2015). Pedagogia y diagndstico sobre
la variacién de la cobertura vegetal, 1985-2011, para Boyacd. Universidad Santo
Tomas, Tunja. http://www.ustatunja.edu.co/cong/images/Articulos/-PEDAGO-
GIA%20Y%20DIAGNOSTICO%20SOBRE%20LA%20VARIACION%20DE%20LA%20
COBERTURA%20VEGETAL%201985%202011%20PARA%20BOYACA.pdf

Perico-Granados, N., Caro-Camargo, C., Acosta-Castellanos, P., & Bohérquez-Herrera,
J. (2015). Pdramo de Siscunsi, en la cuenca alta de la Martinera, encuentro interna-
cional de educacién en Ingenieria, ACOFI. XXV encuentro de Acofi: Una formacion
de calidad en ingenieria para el futuro. Cartagena, Colombia. https://antiguo.
acofipapers.org/index.php/eiei2015/2015/paper/viewFile/1404/510

Perico-Granados, N. (2017). La formacién de los docentes de Ingenieria civil en la Universi-
dad Santo Tomds en Tunja [Tesis doctoral]. Universidad Pedagdgica y Tecnoldgica
de Colombia.

Perico-Granados, N., Sanchez, P., & Suarez-Alvarado, P. (2017). Experiencias del docen-
te y monitores con el método de aprendizaje basado en proyectos (ABPr). Caso de

Publicaciones 52(3), 305-317. https://doi.org/10.30827/publicaciones.v52i3.22275
Perico-Granados, N. R. et al. (2022). Project method to build knowledge...


http://doi.org/10.30827/publicaciones.v48i2.8331

estudio: unas asignaturas de la Facultad de Ingenieria Civil de la Universidad Santo
Tomds de Tunja. http://rdigitales.uptc.edu.co/memorias/index.php/ped_practi-
cas/ped_practicas1/paper/viewFile/2706/2768

Plate, E. (2011). Aportes del pensamiento reflexivo de John Dewey para la educacién
en la sociedad de alta complejidad. Reflexion Académica en Disefio & Comunicacion,
16, 38-39. https://www.ellenplate.com/Publicaci%C3%B3n%20en%20Reflex-
i%C3%B3n%20Acad%C3%A9mica%20UP%202011.pdf

Quintar, E. (2008). En didlogo Epistémico- Diddctico. Ipecal

Sen, A. (2012). Desarrollo y libertad (112 edicion). Editorial Planeta.

Suadrez, P. (2015). Variacién de la cobertura vegetal en Boyacd de 1985 a 2013 [Tesis de
grado]. Universidad Santo Tomas.

Trilla, J., Cano, E., Carretero, M., Escofet, A., Fairstein, G., Fernandez Fernandez, J., &
Vila, 1. (2001). £/ legado pedagdgico del siglo XX para la escuela del siglo XXI. Edito-
rial Grao.

Zhou, C., Kolmos, A., & Nielsen, J. (2012). A Problem and Project-Based Learning (PBL)
Approach to Motivate Group Creativity in Engineering Education. Revista inter-
nacional de educacién en ingenieria, 28 (1), 3-16. https://vbn.aau.dk/en/publica-
tions/a-problem-and-project-based-learning-pbl-approach-to-motivate-gro

Publicaciones 52(3), 305-317. https://doi.org/10.30827/publicaciones.v52i3.22275
Perico-Granados, N. R. et al. (2022). Project method to build knowledge...

317


http://doi.org/10.30827/publicaciones.v48i2.8331

	_GoBack

