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Abstract

The objective was to conduct a systematic review of the strategies applied for developing investigative
competencies in secondary education. The information management was expanded without the segment
of years of publication of different scientific articles. For the diagnosis of the information, databases such as
Scielo, DOA), Scopus, Dialnet, and the Scholar Google metasearch engine were used. As inclusion criteria, only
documents related to the development of competencies investigated in secondary school were accepted. As a
result, it is evident that the most used strategies for development were Project-Based Learning, Problem-Based
Learning, the use of web technologies oriented to education, and incorporation into curricular plans.
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Introduction

Curricular interest in the importance of investigative competence in secondary education, especially in Latin
America, is very recent (Falavigna et al., 2015; Hernandez-Carranza et al., 2015). For example, in Peru, the
development of this competence was only promoted in 2016 through the National Education Curriculum.

To understand investigative competencies, it is necessary to explain them as what, why and why to investigate
(Wood & Smith, 2018), understood as the set of skills to carry out an investigative process addressing a certain
topic, contrasting it, through the reflection, and critical thinking, managing to propose solutions in contexts of
daily life (Cafion & Baron, 2015).

In most pedagogical practices, these skills are sought to be developed at the higher educational level, facing the
student to solve problems in their field of action, as mentioned by Calderén et al. (2020):

Itis essential to develop skills that allow the student to function to solve various situations in the contexts where
they develop their pedagogical practice using knowledge, skills, and attitudes. Undergraduate students must
develop this type of skills because, with a professionally active life based on research, they can consolidate
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Thus, little has been deepened on investigative competencies in primary
education, lacking adaptable models and strategies conducive to our
educational context. Therefore, it is essential to establish evaluable levels,
achievements, and learning goals in investigative competencies for a
diagnosis, monitoring, and implementation of improvement strategies, since
it is unknown at what level those students belonging to primary education are
(Moreno-Guerrero et al., 2021; van Leeuwen & Janssen, 2019; Zapata et al.,
2021).

Training in these skills promotes not only the academic training of the student
but also provides them with tools to solve real problems in different contexts,
adaptability, critical thinking, decision making, motivation, and technical
application of theoretical knowledge. In addition to a better self-learning ability
at later educational levels (Fernandez, 2006).

According to the Peruvian National Curriculum of Regular Basic Education of
the Ministry of Education (2016), it is expected that the student will be able
to use the scientific method to inquire about a specific topic, building their
knowledge. This achievement requires that the student is motivated to
investigate, learn to seek knowledge, evaluate it and acquire it as his own, thus
preparing his cognitive capacity for higher education. However, although this
expected achievement has been established, how to get there is unknown.
Imitating the adaptation of the investigative process in university education in
primary education is not the best solution (Zapata et al., 2021).

Research such as that of Murillo & Martinez-Garrido (2019) indicates that the
educational system in Latin America does not encourage motivation as the
axis of investigative competence in primary, secondary, and regular education
since orders are given, and it is sought to strictly comply with the objectives
rather than the development of the competence as such, the result is then,
students with a forced, monotonous and mechanical research experience,
without addressing topics of their own interest.

In this sense, the objective of this research was to carry out a systematic
review of the strategies that are applied for the development of investigative
competencies in secondary education.

Method

A systematic review was carried out on the strategies for the development of

scientific, cultural, ethical, more productive, professional, and personal preparation (p. 3).

research skills in secondary education. The theme of the study is still relatively
recent, for which the collection of information was done in an expanded
manner. That is, the parameters of the year for the search for information
were not segmented (Table 1).

Development
Strategies That Promote Research Skills in Secondary Education
Strategy 1

Project Based Learning (PBL): It implies that the student must be an active
protagonist (Packer & Goicoechea, 2000); the teacher as a guiding presence
(File, 1993); inquiry as a central path of learning; the integration of the
contents, the constant formative evaluation and the use of time and space in
a flexible way. According to Corica (2020), the Project-Based Learning strategy
leads to training that cannot be based on the reproduction or storage of
information but instead seeks its functionality and reconstruction in various
situations (Geng et al., 2022). Basically, the essential keys for Project-Based
Learning strategies are: starting from a real challenge, assuming the teaching
role of guide and support, favoring collaborative work, encouraging inquiry
and autonomy, banishing the fear of error, evaluating continuously, allows the
project to be seen as an assembly (Dobson & Dobson, 2021; Geng et al., 2022).

Rivera (2019), in a quasi-experimental and longitudinal design study, aimed
to determine the influence of Project-Based Learning in the production of

Table 1: Units and axes of study.

Study Units Study Axes
Strategies that promote e Project-Based Learning (PBL).
research skills in « ENARI Program (Argumentative Essay for Research).
secondary education o
« Application of web 3.0 tools
« Digital Educational Materials (DEM).
e Curricular and didactic planning.
e Problem-based learning.

Note: The study axes were subtracted from the systematization of strategies
that promote research skills in secondary education.
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expository texts in first-year high school students of a Private Educational
Institution. The study concludes that there is evidence to affirm that project-
based learning influences the production of expository texts.

Cornejo & Guadalupe (2016) set out to establish how project-based learning
influences the development of competencies in the area of science, technology,
and the environment of students in the fifth grade of secondary school. For data
collection, a project-based learning questionnaire and a written test on skills
in the area of science, technology and environment were developed. It shows
as a result that the PBL significantly influences 33.99% in the development of
competencies in the area of science, technology and environment.

Larmer & Mergendoller (2010) suggest that there is a certain association
between talent and the student's own cognitive capacity in their performance
in research, so methods such as PBL are not applicable to any group and
must have previous diagnoses that measure capacities before applying
them. educational intervention, while traditional methods tend to be more
effective with standard students, PBL presents better results with capable
and talented students. The execution of projects has shown good results in
collaborative activities. However, their individual effectiveness has not been
fully demonstrated, there are cases that in individual projects only stressful
and difficult experiences have been achieved.

The orientation, based on an explanatory work, teaches searches, based on
the principles of research, motivating the student to create a research plan,
searching and selecting sources, how to find them, their synthesis, their
schedules, predicting results and testing hypotheses. By following the new
paradigms of modern education, the PBL is oriented to "learn by executing
the activity". In this sense, to develop the investigative capacities of future
specialists, various simplified topics will be delved into, the fact of delving into
asking and consulting various sources (not strictly scientific and academic) an
effective method is promoted to be used in the lessons, discussions between
groups can help prove their own conclusions and acquire knowledge from this
activity, in the case of basic primary education, children they will be able to
formulate simple conclusions on everyday topics, supported and delimited in
their cognitive framework (Salybekova et al., 2021).

At the time of the execution of the projects, the student will have to define:
names, objectives, hypotheses, results, difficulties encountered, sense
of satisfaction, sources, future interests, capacity and feedback, and a
reassessment of the project.

Strategy 2

ENARI Program (Argumentative Essay for Research): It is a planning
instrument based on creating argumentative texts (essays) by primary
education students, verifying and tracing objectives, using resources, and
determining work periods with a result of the text in its final version. In this
case, argumentative texts are used due to their easy adaptability to different
curricular areas, such as natural sciences, mathematics, language, literature,
etc. In the process of writing an essay, reflective, critical, argumentative, and
writing skills are involved. This process involves the systematization of data,
search for bibliographical sources, citation, formulation of objectives, testing
of hypotheses, and formal presentation of the subject under investigation,
including the critical analysis and argument of the student himself.

Pacherres et al. (2021) proposed to implement the Argumentative Essay
Program (ENARI) to strengthen investigative skills in fifth-grade high school
students from an educational institution in Catacaos, in Piura (Peru). It was
developed from the quantitative approach, propositional descriptive modality,
and simple descriptive cross-sectional design. It was concluded that the ENARI
Program constitutes a didactic strategy that helps to constructively strengthen
investigative skills in secondary school students.

Strategy 3

Application of web 3.0 tools: Unlike web 2.0, web 3.0 is a web-semantic
tool with the use of executable information engines and processors on any
device (Corino-Lopez, 2017). Because in the teaching-learning process, the
organization and personalization of information are essential, web 3.0 is
presented as a dynamic tool in the teaching-learning process. By facilitating
the organization of information (main capacity in research), the student can
develop their digital and investigative skills with great dynamism; this tool
encourages the creation of conceptual and mental maps, digital content in
online or offline multimedia, presentations, podcasts, blogs, wikis, among
others (Sandoval, 2016).

Sudrez-Triana et al. (2020) proposed the pedagogical strategy based on web
3.0 tools to develop the competence of interpretation and problem solving of
research projects in high school students. The work had a qualitative approach
with an exploratory scope. The study population corresponded to 32 students
from the tenth and eleventh grades of a Colombian educational institution.
Two questionnaires were used to carry out the diagnosis and the advancement

of competencies, applied one before and the other after the pedagogical
strategy, respectively. Initially, 16 students formulated the research problem
correctly, while after applying the pedagogical strategy, only one student
failed to formulate it. It is concluded that the implementation of web 3.0
tools allows students to achieve the necessary skills to develop transversal
research projects, leading the educational process both inside and outside the
classroom.

Digital Educational Materials (DEM)

The use of educational materials is effective when strengthening capacities or
facilitating student learning regarding certain subjects. It is so for (Navia, 2016).

Interpretive, argumentative, and propositional skills (axes of the individual's
cognitive potential to participate in a research process) can be highly
developed if they are correctly structured in digital educational materials. The
author explains that multimedia materials strengthen prior knowledge and
encourage the acquisition of new ones. It also highlights the importance of
material design in terms of aesthetics and functionality since the attractiveness
of the material will be one of the motivations for the student body, so a correct
application and condensation of content allows the student to identify and
propose solutions to the problems presented dynamically with critical thinking,
these skills are closely linked to research (interpretative, argumentative and
propositional) (ICFES, 2013).

Strategy 4

Curricular and didactic planning: Calderén et al. (2020) mention that the
acquisition of these skills is part of an integrating process, with the teacher
as the protagonist, who must be interdisciplinary and transversal to the
curriculum that he/she develops. In other words, the teacher can be the axis
of change in their own class, but an improvement of the collective curriculum
(generally national) will notably improve the collective training of the student
body. Rojas (2013) explains that curricular improvement triggers a series of
benefits in a specific educational group. At the basic education level, the student
will improve their personal learning processes, leading to better opportunities
for their academic performance and even the integration of research into
their professional performance. Calderon et al. (2020) finally suggest that
regular education curricula adapt to an investigative approach of the teacher,
the questioning of the knowledge imparted, and promote an exchange of
knowledge with synergies with other strategies such as collaborative learning.

According to Alamettdld and Sormunen (2021), teaching research skills
(especially in digital media) is a challenge for teachers more than in other
subjects since it includes an entire process of digital literacy in research.
Didactic methods and the pedagogical management of teachers are often not
effective, not because they are poor methods but because they are poorly
oriented (Limberg et al., 2008). Literacy includes a process in which the student
can learn to solve their problems through research assignments guided by a
teacher in the process. In this participatory methodology, the student takes
an active role in applying theories to the confirmation of their own answers.
However, unlike the other strategies, the role of the teacher is also active since
if he does not identify the crucial points in which students need support, he
will only end up building a meaningless web of knowledge for the student
(Kuhlthau et al., 2015).

It is even highlighted that participatory teaching in research must be
individualized and personalized since each student will have different rhythms,
approaches, and forms of criticism that cannot be fully developed in a group
standard. The design of a model of guided inquiry is effective in terms of self-
efficacy and the attitude of students regarding research as long as the teacher
in his pedagogical capacity knows how to carry out each situation differs from
one to the other. It is based on the position that the same problem will not
always be approached in the same way, and each student can have a position
regarding it (the objective is to develop critical thinking, not standardize it)
(Alamettald & Sormunen, 2021).

Another case of the application of teaching didactics in the learning of research
competencies occurs in two cases. According to Limberg et al. (2008), they
distinguish between two types of investigative learning designs. The first is an
atomistic learning design, where complex skills are broken down into a series
of simple skills and trim pieces, and these fragmented skills are accumulated
into the design. The reduction used in the atomistic design is efficient when
there are few interconnections between the different elements of matter.

The second is integrated learning design, the design that pays attention to
the interconnectedness between different skills and tasks. In a holistic design,
different skills and tasks are framed into the big picture, making students more
aware of how to accomplish them independently. A holistic design is supposed
to be more beneficial for learning complex skills because an atomistic
design loses sight of the complexity of the entire task and does not show the
interconnections between the skills being taught.
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Janssen et al. (2019) explain that the pedagogical strategy must be aimed
at making the student aware of the different skills that they have to use
simultaneously. That is those innate abilities of the individual and how to use
them to solve difficulties presented. Later, the student must learn where is the
knowledge that is required to complement those abilities.

The importance of this fragmentation of the entire research process is
also highlighted so that it is assimilated in parts by the student. It is vital to
approach cases that show the importance and application of their knowledge
outside the classroom. Although it is true that the Units of knowledge are
easier to learn divided and organized, the skills that students are acquiring
should not be fragmented. That is, the teacher must be able to link them in
stages, showing the usefulness of the previous competence to acquire the next
one. This provides them with essential tools that the student uses in real-life
situations (Janssen et al., 2019).

Strategy 5

Problem-based Learning: Problem-Based Learning aims to promote cognitive
ability, is oriented to the process rather than the result, and is part of a solid
base of student knowledge and personal experiences (Fidan & Tuncel, 2019;
Kanyesigye et al., 2022). The principle of this Learning is "The student knows
at the moment that influences his learning as the most important factor"
(Ausubel, 1978).

On the other hand, for Noriega (2022), Problem-Based Learning is "learning
to learn" using cooperative work on many occasions in small groups seeking
the solution to the problem through inquiry. The strategy is based on three
components: 1) Representation Learning, which is characterized by the use
of symbols and associates concepts with particular objects. 2) Learning of
Concepts, which is characterized by the representation of the concept to
an object, the formation of concepts falls on its attributes, formulating and
contrasting hypotheses. This generates a solid cognitive structure, not
mechanical but acquired with contrast. 3) Learning of propositions, from the
foundation of the cognitive structure, new meanings are generated, that is, the
ability to search for or refute concepts already acquired. The student is shown
that no conception is rigid but changing.

Problem-Based Learning often focuses on learning to formulate hypotheses
(the solution or the reason for the research problem). By acquiring this ability,
the student is able to develop an involvement by contrasting and reinforcing
their skills through their own self-learning. In this methodology, the results
are not relevant since it is the student's cognitive construction process, their
analysis, and defense posture that is relevant for the construction of their
knowledge, even if their hypothesis is rejected, the student will have acquired
the experience for new approaches (Zapata et al., 2021).

Conclusion

The evidence on the strategies that promote the development of research
skills in secondary education starts from applying the Project-Based Learning
program (which also includes the ENARI Program) and Problem-Based
Learning, which influence the area of letters and sciences.

Another critical aspect for developing these skills is the application of web 3.0
tools and the use of digital educational materials, which allow the collaborative
organization and systematization of diverse knowledge found in the era of
connectivity and information.

Finally, we find that it is necessary to incorporate the development of
investigative skills in the curricular plans and the application in the educational
didactics of the teacher. In Latin America, it has been seen that the promotion
of educational competence in curricular plans is very recent.
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