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Abstract

The aim of this article is to review the existing literature on pedagogical practices in natural sciences 
that promote scientific competencies, and to identify the central categories that characterize such 
practices for basic education students. This article presents the results of a systematic review using 
the PRISMA methodology during the period 2020 – 2024. The results showed bibliometric data of 50 
articles selected from databases such as: Scopus, Web of Science and SciELO. A qualitative analysis 
was performed, identifying three main categories that allow stablish that to promote scientific 
competencies in the pedagogical practice of natural sciences, the textbook is not enough, textbook 
activities do not develop scientific skills of high cognitive demand. To promote these processes, it is 
necessary to incorporate active methodologies that facilitate scenarios and dynamics for participation, 
mediated by a contextualized pedagogical discourse of the teacher that fosters the dialogue of 
knowledge.

Keywords: scientific knowledge, natural sciences, basic education, pedagogical practice.

Resumen

El objetivo de este artículo es revisar la literatura existente sobre prácticas pedagógicas en ciencias 
naturales que promuevan competencias científicas y determinar las categorías centrales que 

caracterizan dichas prácticas en estudiantes de educación básica. Este artículo muestra los resultados 
de una revisión sistemática haciendo uso de la metodología PRISMA durante el periodo 2020 – 

2024. Los resultados muestran datos bibliométricos de 50 artículos seleccionados en bases de datos 
como: Scopus, Web of Science y SciELO. Se realizó un análisis cualitativo identificando tres categorías 

centrales, las cuales permiten establecer que para promover competencias científicas en la práctica 
pedagógica de ciencias naturales no es suficiente el libro de texto, las actividades de los textos 

no desarrollan habilidades científicas de alta demanda cognitiva. Se concluye que para promover 
estos procesos es necesario incluir metodologías activas que propicien escenarios y dinámicas de 

participación mediadas por un discurso pedagógico contextualizado del docente, promoviendo el 
diálogo de saberes.

Palabras clave: conocimiento científico, ciencias naturales, educación básica, práctica pedagógica.
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1.	 Introduction

The main foundation of sciences is an-
swering humanity’s great questions 
and serve as a method of proposing 
explanations to these great questions. 
This perspective tends to be neglected 
in school education. To a certain extent, 
this is due to the underestimation of the 
popular knowledge that comes from 
cultural heritage and the people who 
formulate these simple explanations of 
natural phenomena that they experi-
ence in their daily lives. While it is true 
that the sciences are constituted as a 
means to reach objective truth, they are 
based on analyses and contrasts based 
on the subjective experiences of the in-
dividual (Husserl, 2008).

It is essential to contextualize science 
in order to promote contexts where the 
student feels involved and not just recites 
ready-made knowledge. Equally import-
ant are discussion environments that fos-
ter debate, comparison and experimen-
tation to enrich scientific knowledge and 
give it meaning (Akilli & Kutur, 2023).

(…) “The teaching of natural scien-
ces and environmental education 
should emphasize the processes 
of knowledge construction rather 
than the methods of transmitting 
results, and should make explicit 
the relationships between science, 
technology and their impact on 
the life of man, nature, and society” 
(Ministerio de Educación Nacional, 
1998, p. 43-44).

This framework directly involves the role 
of the teacher in education, prompting 
a rethinking of their praxis and teach-

ing methods, whether it focuses on 
rote memorization or instead proposes 
a more creative approach to knowl-
edge. Creativity implies originality, but 
at the same time it implies usefulness; 
the teaching of the natural sciences 
must create learning environments that 
ground theory in practical problems 
connected to the students’ reality.

In this context, it is necessary to promote 
initiatives and strategies that assign the 
central role to the student, who is the 
main actor in the teaching-learning 
process. John Dewey, through his active 
school approach, proposes a pedagogy 
characterized by encouraging the ac-
tivity of children, developing both the 
cognitive and motor aspects to make 
learning more effective.

According to Rodriguez (2015), Dewey’s 
contributions to education, identifies 
four innate impulses of children: to com-
municate, to construct, to inquire, and 
to express themselves appropriately. 
This can be observed in classroom ex-
periences with children, where children 
have countless questions, ways of par-
ticipating, and ways of communicating 
that are often restricted and blocked 
in school by teachers and traditional 
teaching methods.

With the aim of identifying the cate-
gories influencing the development of 
scientific competencies in basic educa-
tion, this paper formulates the following 
review question: which factors charac-
terize natural science educational prac-
tices that foster scientific competencies 
in basic education? Thus, a systematic 
review of the existing literature on ed-
ucational practices in natural sciences 
over the past five years was carried out 
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to analyze their objectives, methodolo-
gies, resources and results. 

2.	 Methodology

A systematic review of the literature was 
conducted to examine the educational 
practices in the field of natural sciences 
aimed at fostering the development of 
scientific competencies in basic educa-
tion. The PRISMA framework was select-
ed due to its rigorous structure, which 
includes a protocol designed to miti-
gate author bias arising from revisions in 
study results. These potential revisions 
can influence decisions and lead to de-
viations from the research objectives 
(Urrutia and Bonfill, 2010). The following 
section outlines the preliminary selec-
tion criteria used in the search for the 
articles included in this study.

The review covered articles published 
between 2020 and 2024 in English and 
Spanish. These records were obtained 
through institutional access provided 
by Universidad Simón Bolivar library 
account. The databases and research 
areas included in the study were Scopus: 
social sciences, arts and humanities, 
biological sciences, environmental 
sciences, computational sciences; Web of 
Science (WOS): social sciences, education, 
environmental sciences, biology, scientific 
educational disciplines, multidisciplinary 
sciences, humanities; and SciELO: Social 
sciences, education, environmental 
sciences, biology, scientific disciplines 
in education, multidisciplinary sciences, 
and humanities. A total of four categories 
were selected for the study, and terms in 
both Spanish and English were chosen 
based on broad search terms.

The terms included in the first catego-
ry were: Scientific Competencies (SCo), 
Scientific Skills (StS); in the second 
category: Educational Practice (EPr), 
Pedagogical Practice (PPr), Teaching 
Practice (TPr); in the third category: 
Basic Education (BEd), Basic Primary 
Education (EseE); and in the fourth cat-
egory: Natural Sciences (NS).

The next step was to construct the com-
binations for the Boolean search formu-
las, that  were consulted on October 27, 
2024. The search formulas for the cate-
gories and corresponding terms used 
are detailed as follows:

SCo + EPr: (“Scientific Competencies”) 
OR (“Scientific Skills”) AND (“Educational 
Practice”) OR (“Pedagogical Practice”) 
OR (“Teaching Practice”).

SCo + BEd: (“Scientific Competencies”) 
OR (“Scientific Skills”) AND (“Basic 
Education”) OR (“Basic Primary educa-
tion”) OR (“Basic Secondary Education”).

SCo + NS: (“Scientific Competencies”) 
OR (“Scientific Skills”) AND (“Natural 
Sciences”).

SCo + EPr + NS: (“Scientific Compe-
tencies”) OR (“Scientific Skills”) AND 
(“Educational Practice”) OR (“Pe-
dagogical Practice”) OR (“Teaching 
Practice”) AND (“Natural Sciences”).

SCo + EPr + BEd + NS: (“Scientific Compe-
tencies”) OR (“Scientific Skills”) AND 
(“Educational Practice”) OR (“Pedagogical 
Practice”) OR (“Teaching Practice”) AND 
(“Basic Education”) OR (“Basic Primary edu-
cation”) OR (“Basic Secondary Education”) 
AND (“Natural Sciences”).

A total of 2,285 documents were re-
trieved from the Scopus, Web of Science 
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and SciELO databases. These records 
were downloaded in RIS format and up-
loaded to the online platform Rayyan IA, 
where they were subsequently filtered, 
categorized and analyzed. The article se-
lection and evaluation was done using 
the Rayyan IA system (Universidad del 
Bosque, 2025). This tool automatically 
detects duplicate files and facilitates 
their review by calculating the per-
centage of duplication and establish-

ing comparisons between documents. 
Following this analysis, the titles and 
abstracts of the articles are reviewed, 
and inclusion and exclusion criteria 
were applied. These criteria were filtered 
through keywords that correspond to 
the selected terms, as well as those un-
related to the objectives of the review. 
A subsequent filtering process was con-
ducted based on the full texts uploaded 
to the system (see Figure 1).

Figure 1. Flowchart of the selection phase.



32

The influence of pedagogical practices in natural sciences on the development of scientific competencies in basic education: a systematic review

Rev.Investig.Desarro.Innov. Vol. 16(1), enero-junio de 2026, 27-46. ISSN: 2027-8306  ISSN-E: 2389-9417

As a result of the selection process, 50 
articles were obtained for the analysis 
phase. These documents were orga-
nized into matrixes in order to identify 
trends and contribute to the definition 
of the main categories.

3.	 Results and discussion

3.1.	 Bibliometric analysis

Table 1 presents the bibliometric variables, 
which summarize the contextual informa-
tion of the selected articles. The synthesis 
incorporated a total of 50 articles.

Table 1. Bibliometric analysis.

No. Database author (s) Year Type of 
research

Country Language

1 Web of Science Cramer, et al. 2024 Quantitative Netherlands English

2 Web of Science Höper 2024 Qualitative Norway English

3 Web of Science Fazio, Kemmis, & Zugic 2024 Qualitative Canada English

4 web of Science Bónus, Antal, & Korom 2024 Quantitative Hungary English

5 SciELO Morales-Silva, Álvarez-Durán, 
Álvarez-Iriarte, & Rivero-Diegues

2024 Mixed Chile Spanish

6 Web of Science Fuentealba-Cruz, Miño-Gonzalez, 
& Neira-Morales

2024 Quantitative Chile Spanish

7 Web of Science Lhardy & Reina 2024 Qualitative Mexico English

8 Scopus Delgado-Iglesias, Bobo-Pinilla, 
Reinoso-Tapia, & Vega-Agapito

2024 Qualitative Spain English

9 Scopus Eka-Putra, Harianto, Pudjaningsih, 
& Eriyani

2024 Quantitative Indonesia English

10 Web of Science Kopcha & Ocak 2023 Qualitative United States English

11 Web of Science Baur 2023 Qualitative Germany English

12 Web of Science Akilli & Kutur 2023 Quantitative Turkey English

13 SciELO Sepúlveda-Obreque, Minte-
Münzenmayer, Villalobos-Clavería, 
Peña-Troncoso, & Diaz-Levicoy

2023 Mixed Chile Spanish

14 Web of Science Okada, Steimber de Pereira-Okada, 
& de Olivera-Campolina

2023 Qualitative Brazil Portuguese

15 Web of Science Muñoz Martínez & Charro Huerga 2023 Quantitative Colombia Spanish

16 Web of Science Arana -Tuesta & Solis-Trujillo 2023 Quantitative Peru Spanish

17 Scopus Hernández-Gil, Cardozo-Jiménez, 
& Perdomo-Rojas

2023 Qualitative Colombia Spanish
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No. Database author (s) Year Type of 
research

Country Language

18 Web of Science López-Banet, Martinez-Carmona, 
Soto-Cascales, & Reis

2023 Mixed Spain Spanish

19 Web of Science Lima Diniz, da Silva, & Fernández-
Florêncio de Araujo

2023 Qualitative Brazil Portuguese

20 Web of Science Holguin-Alvarez, Cruz-Montero, 
Ruiz-Salazar, & Ledesma-Pérez

2023 Quantitative Peru Spanish

21 Web of Science García-Gaitán, Ramírez-Díaz, & 
Arriaga-Santos

2022 Qualitative Mexico Spanish

22 Web of Science Jiménez & Álvarez-Hevia 2022 Quantitative Spain English

23 Web of Science Landinho, Mendonça-Duarte, & 
Biscalquini-Talamoni

2022 Qualitative Brazil Portuguese

24 Web of Science Santini, Sensevy, Quilio, Forest, & 
Blocher

2022 Qualitative France English

25 Web of Science Albertos-Gómez 2022 Quantitative Spain Spanish

26 Web of Science Vieira-de Moraes, Simões-Girotto, 
& Pereira-de Oliveira

2022 Qualitative Brazil Portuguese

27 Web of Science Ochoa-López, Canquíz-Rincón, & 
Lubo-De la Rosa

2022 Quantitative Colombia Spanish

28 Web of Science Palacios, Moreno-Mediavilla, & 
Barreras

2022 Quantitative Spain Spanish

29 Web of Science Pey-Betrán, Villa-Orduna, &
Mazas-Gil

2022 Mixed Spain Spanish

30 Scopus Vela-Acero & Jiménez-Cortés 2022 Quantitative Colombia Spanish

31 SciELO Vargas-Velandia & Morales-Silva 2021 Mixed Colombia Spanish

32 Web of Science Philander & Botha 2021 Qualitative South Africa English

33 Web of Science Chávez-Charro, Neira , & Lacalle-
Calderón

2021 Quantitative Cambodia, 
Ecuador, 
Guatemala 
Honduras, 
Paraguay and 
Senegal

English

34 SciELO Jaime-Muñoz 2021 Qualitative Chile Spanish

35 Web of Science Asimakopoulou, Nastos, Vassilakis, 
Hatzaki, & Antonorakou

2021 Qualitative Greece English

36 Web of Science Holguín-Álvarez, Figueroa-
Hurtado, Apaza-Quispe , 
Montañez-Huancaya, & Cruz-
Montero

2021 Quantitative Peru Spanish

37 Web of Science Sandoval, Kawasaki, & Clark 2021 Qualitative United States English
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No. Database author (s) Year Type of 
research

Country Language

38 Web of Science Tavarez, Marques-Vieira, & Pedro 2021 Mixed Portugal English

39 Scopus Earle 2021 Qualitative England English

40 Web of Science Borić & Zečević 2021 Quantitative Croatia English

41 Web of Science Jimenez-Liso, Delgado, Castillo-
Hernandez, & Baños-González

2021 Qualitative Spain Spanish

42 Web of Science García-Barros, Martínez-Losada, & 
Rivadulla-López

2021 Quantitative Spain Spanish

43 Web of Science Sotomayor-Soloaga 2021 Qualitative Chile English

44 Web of Science Rodríguez-Mora & Blanco-López 2021 Qualitative Spain Spanish

45 SciELO Zúñiga-Meléndez, et al. 2020 Qualitative Costa Rica Spanish

46 Web of Science Reis, Tinoca, Baptista, & Linhares 2020 Quantitative Portugal English

47 Web of Science Perez & Meneses-Villagrá 2020 Qualitative Spain Spanish

48 Scopus Ribau 2020 Mixed Portugal English

49 Web of Science Castelblanco-Sánchez, Cifuentes-
Garzón, Pinilla-Saavedra, & Pulido-
Buitrago

2020 Qualitative Colombia Spanish

50 Web of Science Blanchar-Añez 2020 Quantitative Colombia Spanish

The articles are distributed as follows: 
Web of Science (39), Scopus (6), SciELO 
(5). The year 2021 recorded the highest 
number of selected publications (14), 
while 2020 had the lowest number (6), 
The remaining years showed similar 
numbers; 2024 (9), 2023 (11) and 2022 
(10). Regarding the type of research 
on scientific competencies in natural 
sciences in basic education, the studies 
were divided into qualitative (24), 
quantitative (19) and mixed methods 
(8). For the country variable, the 
distribution of articles is as follows: Spain 
(10), Colombia (6), Chile (5), Brazil (4), 
Portugal (3), Peru (3), Mexico (2), United 
States (2), Chile - Colombia (1), Ecuador 
- Honduras - Guatemala - Cambodia 
- Senegal - Paraguay (1), Costa Rica, 

England, Indonesia, Canada, Germany, 
Croatia, France, Greece, Hungary, Norway, 
Netherlands, South Africa and Turkey (1). 
The language variable is divided into three 
categories: Spanish (25), English (22) and 
Portuguese (4). It should be noted that 
although the search filters only included 
English and Spanish, some of the full-text 
documents were in Portuguese.

Some key findings from the bibliometric 
analysis show that scientific competencies 
in basic education are studied in a wide 
range of countries; however, there is a 
particular emphasis on Spanish-speaking 
contexts such as Spain, Colombia and 
Chile. Another relevant aspect is that the 
methodologies used to address issues 
related to educational practice in natural 
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sciences tend to be applied in a relatively 
balanced manner. Although qualitative 
studies predominate, the difference 
compared to quantitative approaches 
is not substantial, and several studies 
employ mixed approaches.

3.2.	 Categorical analysis

In relation to the second objective of 
the review which aimed to identify the 
categories that characterize educational 
practices in natural sciences among ba-
sic education students, the analysis re-
vealed three central categories, derived 
from nine subcategories and, in turn, 27 
first-level codes. The coding and catego-
rization process was conducted deduc-
tively, based on the selected articles: first 
through open coding, then axial coding 
that formed second-level codes, and fi-
nally the extraction of the central catego-
ries of the analysis, for which the Atlas ti 
Cloud software was used to carry out this 
coding process. The three categories into 
which the selected studies are grouped 
are presented and described below.

	 Natural science textbooks that guide 
educational practice require low 
cognitive demands

This category is derived from the way 
many teachers use textbooks in the field of 
natural sciences. While these materials are 
often regarded as support for pedagogical 
work, some studies have indicated that 
the cognitive skills developed through 
the activities proposed in these textbooks 
are not of high level. In the study by 
Sepúlveda-Obreque, et al (2023), cognitive 

skills were grouped according to levels of 
thinking development and classified as 
basic, investigative, reflective, and critical. 
The results show that the activities in 
the analyzed textbooks primarily foster 
basic scientific thinking, allowing the 
improvement of skills such as observing, 
answering, and explaining, while 
neglecting leaving aside experimentation.

Arana-Tuesta & Solís-Trujillo (2023) con-
ducted a quantitative study in which 
they classified textbooks activities into 
four types according to levels of thinking 
development. Type 1 (36.8%) includes ac-
tivities such as identifying characteristics, 
establishing relationships, comparing, 
and defining. Type II (33.4%) involves ac-
tivities that apply knowledge to specific 
situations. Type III (19.2%) consist of ac-
tivities such as observing, searching for 
information in different sources, hypoth-
esizing and proposing their own work 
strategies. Finally, Type IV (10.6%) includes 
analyzing information and drawing con-
clusions based on scientific evidence. 
The study concludes that the analyzed 
textbooks primarily promote activities of 
lower cognitive demand, suggesting the 
need to transform these materials and 
emphasizing that textbooks should not 
be considered the sole means of support-
ing educational practice.

	 Active methodologies and the 
pedagogical use of technologies 
promote training in scientific 
competencies

Active methodologies are a recurring 
category in the development of 
scientific competencies. These 
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methodologies promote constructivism, 
which emphasizes the student as the main 
actor in the learning process. Therefore, 
it is necessary to provide learning 
scenarios that foster the development 
of competencies and give meaning to 
the process. The impact of pedagogical 
technologies on this process, however, 
is not yet fully understood.

Many active learning methodologies 
prioritize experimentation. Holguín-
Álvarez et al. (2021), conducted a study 
to assess the efficacy of a school-based 
scientific learning initiative that imple-
mented a planting project. This project 
fostered skills related to competencies 
associated with the scientific method, 
facilitating the exploration of informa-
tion, the formulation and testing of 
hypotheses, and critical engagement 
through didactic interaction.

The increase in overall post-assessment 
scores demonstrated improvements 
across several dimensions. Many partici-
pants learned to understand specific 
scientific situations, formulate theoreti-
cal associations with observable pheno-
mena, interrogate underlying mecha-
nisms, propose explanations grounded 
in assumptions, and articulate hypo-
theses guided by convergent or 
divergent scientific insights (Holguín-
Álvarez et al., 2021).

Other experimentation-based strategies 
included outdoor approaches such as 
educational field trips. This alternative 
was implemented in multi grade class-
rooms in the Coquimbo region of Chile, 
integrating science teaching with en-

vironmental awareness. The field trip 
theme was “Structure, functions, and 
relationships of organisms with their en-
vironment” and students demonstrated 
progress according to their level of en-
gagement in each grade. Notably, first- 
and second-grade students exhibited an 
understanding of plant anatomy. Third-
grade students demonstrated the ability 
to differentiate seven different autochtho-
nous plants, classifying them into three 
endemic, three autochthonous, and one 
introduced species. Fourth-grade stu-
dents exhibited an understanding of 
biotic and abiotic factors during their 
field trip, identifying bodies of water 
and local fauna characteristic of the area 
visited. Finally, fifth- and sixth-grade 
students studied food chains, which 
facilitated their comprehension of the 
relationships among colliguay, tenca, 
peuco, and Fox. One student’s reflection, 
recorded in a notebook, read: “The col-
liguay is very important for other living 
beings. For example, its flower and seeds 
are food for insects that come to the area 
in search of food”. This outdoor strategy 
also fostered parental participation in 
the educational process and encour-
aged broader community in achieving 
the learning objectives (Jaime-Muñoz, 
2021).

The most frequently reported active 
methodology among the selected arti-
cles was Inquiry-Based Science Education 
(IBSE). As highlighted in several studies, 
this methodology has shown positive 
outcomes. Delgado-Iglesias et al. (2024) 
indicate that the implementation of IBSE 
allowed conceptual development and 
familiarizes students with scientific pro-
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cedures such as observation, measure-
ment, representation, and argumenta-
tion. Albertos-Gómez (2022) confirmed 
that: “There are statistically significant 
differences in the development of sci-
entific competence between students 
following an inquiry-based science 
teaching methodology and those using 
a traditional approach”.

These findings are based on an experi-
mental study that employed a 24-item 
objective test administered during both 
the pre-test and post-test assessments.

In the study conducted by Jimenez-
Liso et al. (2021), the authors proposed 
a sequence of activities framed within 
inquiry and modeling to address an en-
vironmental impact problem (death of 
fish and algae due to dehydration on 
the beach). The main contribution of 
this sequence according to the authors 
was “to help students in the first cycle 
of secondary school (12-14 years) to ex-
plain, through the osmosis model, the 
problems of dehydration or hyperhy-
dration of fish and algae at the cellular 
level” (p. 20). Furthermore, the authors 
suggest that such progress can support 
the development of sophisticated ex-
planations at higher educational levels.

Sotomayor-Soloaga (2021), conducted 
a study aimed to characterize the good 
practices in science education imple-
mented by teachers within an IBSE pro-
gram. The study revealed that teachers’ 
pedagogical practices transcend the 
classroom into a reflective dimension, 
where they continuously evaluate and 
adjust their teaching approaches. The 

study also identified that these prac-
tices encourage autonomy and discov-
ery, promoting a collaborative learning 
environment. Teachers were found to 
view error as integral part of the learn-
ing process, providing positive feedback 
that nurtures a safe environment for 
learning and experimentation, encour-
aging active student participation.

Concerning the use of technologies, 
Vela-Acero & Jiménez-Cortés (2022) 
conducted a study exploring the learn-
ing experience with digital technologies 
and in scientific competencies (both 
self-perceived and observed) while 
also considering gender differences. 
Although the study did not demon-
strate a direct impact of technology in 
the learning experience, the findings 
support the hypothesis that learning 
depends more on the quality rather 
than the quantity of technology use. 
This study also highlights that there are 
no significant differences between boys 
and girls in terms of self-perceived scien-
tific competencies. In addition, the ob-
served scientific competencies revealed 
that most students displayed a moder-
ate performance across domains such 
as the living environment, the physical 
environment and science, technology, 
and society.

In Athens, Greece, the satellite-based 
Earth Observation (EO) technology was 
integrated into educational initiatives 
aimed at teaching climate change in 
schools. Asimakopoulou et al. (2021) 
state that modern EO satellite technol-
ogies provide striking visualizations of 
the Earth’s climate system and its trans-
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formations. Although the participating 
teachers initially expressed concerns 
about the use of these systems, once 
they became familiar with the available 
resources and educational tools, they 
recognized their potential to capture 
students’ interest and foster active learn-
ing. The participating teachers were pri-
marily from the STEM fields; however, 
they believe that this tool can be used 
in non-STEM fields such as history, social 
studies, literature, art, and others.

	 The training of natural science 
teachers and its impact on 
the development of scientific 
competencies 

Another category involved in the deve-
lopment of scientific competencies is 
the qualification of teachers who teach 
science subjects. Akilli & Kutur (2023) 
conducted a study examining the 
relationship between elementary school 
teachers’ level of scientific literacy and 
their self-efficacy in teaching science. 
The results indicate that teachers with 
greater scientific knowledge perceive 
their practices as more effective, whereas 
those with lower levels of scientific 
literacy also report reduced self-efficacy 
in science teaching.

One factor associated with teacher 
qualification is the discourse used in 
their educational practice. Sandoval et 
al. (2021) assert that discourse affects 
the learning opportunities available to 
students. In this regard, a discourse that 
fosters active participation and dialogue 
can strengthen students’ epistemic 

agency, enabling them to engage more 
deeply in the learning process.

Zúñiga-Meléndez et al. (2020), con-
ducted an assessment of the training 
needs of natural science teachers. From 
a disciplinary perspective, the study 
found that biology teachers should 
strengthen areas such as ecology, 
evolution, genetics, cell biology, envi-
ronmental care and biotechnology; in 
chemistry, areas such as chemical com-
pounds, chemical bonds, stoichiometry, 
and organic chemistry; and in physics: 
kinematics, modern physics, work, ener-
gy, and electricity. It is important to note 
that this disciplinary knowledge must 
be complemented with pedagogical 
knowledge; student-centered strategies 
should be developed instead of relying 
on the mere transmission of content. 
The study concludes that the use of 
technology requires proper training to 
promote more dynamic and effective 
learning in science education.

Philander & Botha (2021) proposed an 
alternative to address issues related to 
unqualified natural science teachers, 
as most of them had limited teaching 
experience. Their strategy sought to 
strengthen the effective functioning of 
communities of practice, thereby con-
tributing to teachers’ professional devel-
opment. According to Philander & Botha 
(2021), a community of practice helps 
participants to develop specific com-
petencies. The study found that such 
communities were characterized by 
interactivity, collaboration, diverse ex-
periences, motivation, friendship, trust, 
responsibility, a sense of belonging, and 
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mutual support, as well as the involve-
ment of a facilitator.

Through interactive collaboration, 
participants enhanced their content 
knowledge, developed the ability to 
teach scientific theory in ways relevant 
to real-life situations, and gained great-
er confidence in conducting demon-
strations and laboratory activities. 
Opportunities for self-reflection proved 
instrumental in embedding newly ac-
quired teaching practices. These positive 
changes resulted from fostering teacher 
autonomy by involving participants in 
key aspects of the design and operation 
of the community of practice (Philander 
& Botha, 2021).

To provide a deeper interpretation of 
the information condensed in the re-
view documents, a categorical analysis 
was carried out to group the selected 
articles and identify the factors that 
characterize the teaching practices of 
natural science in basic education. As 
a result, the first relevant category that 
emerged was the use of textbooks by 
some science teachers. Although it is an 
accessible resource, in many cases they 
do not include activities that cognitively 
challenge students. Sepúlveda-Obreque 
et al. (2023) indicate that, although the 
relationship between scientific thinking 
skills in professional literature, curricular 
foundations, and textbooks is strong, 
these skills are not developed at the 
same level: “using the school textbook as 
the sole teaching resource may lead to 
discouraging results in student learning, 
since, as research has shown, it tends to 
strengthen lower-order cognitive skills 
at the expense higher-order ones”.

According to the weaknesses in the 
analyzed textbooks, it is necessary to 
adopt other alternative resources that 
can complement pedagogical practice 
and foster the development of scientific 
skills and competencies. An alternative, 
which also emerged as the most signif-
icant category based on the number of 
related articles, was the use of active 
methodologies and the pedagogical 
integration of technologies to promote 
training in scientific competencies. 
López-Banet et al (2023) highlight the 
motivational effect of inquiry and ac-
tive learning in carrying out activities in 
laboratory settings, where experimental 
testing proves to be motivating for stu-
dents. These spaces for the dialogue of 
knowledge are more closely related to 
a democratic society, as they foster the 
development of vital capacities. In this 
way, learners acquire life skills that make 
their existence richer and more mean-
ingful (Rodriguez, 2015).

Within this category, one of the most 
frequently applied active methodolo-
gies is Inquiry-Based Science Education 
(IBSE). Multiple articles highlight its 
potential; however, for some teachers, 
knowledge of this methodology is lim-
ited. Lima-Diniz et al. (2023) examined 
science teachers’ conceptions of IBSE. 
The teachers identified certain scattered 
characteristics of the methodology, 
although these were incomplete. The 
authors conclude that being unfamiliar 
with this methodology which offers a 
range of possibilities for fostering the re-
search process while taking into account 
reality, as well as the social, environmen-
tal, and economic context, remains a 
limiting factor in science learning today.
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Husserl (2008), points out that the study 
or knowledge of the sciences must be 
carried out through the transcenden-
tal attitude, which consists in relating 
evidence to intuition, in other words, in 
clarifying the meaning of the world for 
us in our daily lives. The lifeworld is: “The 
world we all share: scientists and non-sci-
entists. It is the world of the streets with 
their people, cars and buses; the world of 
the shops with their goods, buyers and 
sellers; the world of the neighborhoods, 
the marketplaces, the parks, and rural 
communities” (Ministerio de Educación 
Nacional, 1998).

From this perspective, IBSE shows con-
siderable potential because it encour-
ages interaction and contextual aware-
ness, which is reflected in the positive 
outcomes of its application. As Jimenez-
Liso et al. (2021) previously demonstrat-
ed, high school students improved their 
ability to construct scientific explana-
tions regarding the environmental phe-
nomenon of fish mortality.

According to the analysis of this cate-
gory, active methodologies are also 
supported by the pedagogical use of 
technologies. Holguin-Alvarez et al. 
(2023), conducted a social responsibil-
ity experiment based on a robotic ecol-
ogy program designed to promote the 
sustainable care of a polluted beach. 
The program integrated creativity into 
scientific inquiry processes through 
a STEAM approach within the experi-
mental group, functioning as a form of 
scientific feedback. These programs not 
only connect with the local context but 
also establish dynamic, purpose-driv-

en participation among students. They 
foster skills that enable learners to 
apply scientific knowledge to under-
stand real-world situations, explain ob-
served phenomena, verify hyphoteses, 
and, when necessary, formulate new 
questions.

The third category complements the 
previous ones: textbooks alone are insuf-
ficient for teaching science, and active 
methodologies are effective in develop-
ing scientific competencies, they require 
some teachers who are committed to 
these new dynamics, assertive in their 
discourse, up to date in their discipline, 
and willing to use technology to foster 
new skills.

This process calls for self-reflection on 
the part of the teacher, who must con-
stantly evaluate his educational practice. 
In this regard, Earle (2021) documented 
a training process based on an evalua-
tion activity designed to assess elemen-
tary science teachers (TAPS: Teacher 
Assessment in Primary Science). The 
findings indicated that TAPS influenced 
teaching practice in multiple ways: in de-
cision-making; as some teachers mod-
ified the structure of future lessons; in 
the diversity of actions, as some teachers 
planned new strategies for later imple-
mentation; and in follow-up, as others 
incorporated changes directly into their 
ongoing practice. Thus, self-evaluation 
becomes an essential tool for teachers 
to implement new dynamics in their 
classes.

The training needs of teachers are di-
verse but can be classified into three 
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main areas: disciplinary, pedagogical, 
and technological (Zúñiga-Meléndez et 
al., 2020). Various alternative approaches 
have been identified as beneficial in ad-
dressing these needs, such as communi-
ties of practice, spaces where educators 
can exchange methodologies, as well 
as strategies, and activities with their 
peers to strengthen teaching practice. 
Moreover, these collaborative scenarios 
foster implicit values associated with 
teamwork (Philander & Botha, 2021).

4.	 Conclusions

The collected, analyzed, and selected 
documentary evidence indicates that 
the development of scientific compe-
tencies in the field of natural sciences 
at the basic education level consti-
tutes a topic of great relevance, which 
is currently being examined in various 
schools by stakeholders in both primary 
and secondary education.

A variety of initiatives can be observed 
that enrich the pedagogical practices 
of science teachers. Among these, 
some emphasize diagnostic exercises 
based on the analysis of stakeholders’ 
perceptions, while others focus on 
assessing outcomes related to specific 
competencies. Certain initiatives 
examine the media, resources and 
methodologies proposed as alterna-
tives to foster the development of 
competencies, whereas others highlight 
the crucial role of teacher mediation 
in creating scenarios that enhance 
pedagogical practice. Numerous alter-
natives also stress the need to teach 

science in a contextualized manner, 
linking scientific knowledge with 
social understanding and encouraging 
dialogic exercises rather than relying 
solely on traditional instruction. the 
importance of teacher mediation to 
favor scenarios that enrich pedagogical 
practice. Furthermore, Technological 
integration emerges as another powerful 
alternative that underlies opportunities 
for innovative practices, significantly 
contributing to the improvement of 
scientific skills. 

As a result of the qualitative analysis, 
three central categories were identified 
that encompass the selected studies. 
The first indicates that natural science 
textbooks entail a low cognitive 
demand; the skills developed through 
these materials do not challenge 
students cognitively, as they consist of 
elementary activities that fail to promote 
experimentation, critical discussion, and 
the construction of knowledge.

The second category indicates that active 
methodologies and the pedagogical 
use of technologies promote the 
development of scientific competencies. 
Active methodologies involve initiatives 
that encourage students to assume a 
leadership role in the learning process 
by providing opportunities to interact, 
engage in dialogue, ask questions, 
exchange knowledge, and continuously 
participate in the construction of their 
own understanding. In addition to 
creating these scenarios, in which both 
contributions and mistakes are regarded 
as opportunities, many of these 
initiatives also integrate technology, 
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which offers added value by enriching 
the learning environments.

It is pertinent to note that relying sole-
ly on a textbook is not insufficient; it is 
necessary to explore active methodolo-
gies that foster a conducive learning en-
vironment. However, this also requires 
the presence of a well-trained teacher 
willing to guide the teaching-learning 
process. The third category establish-
es that the training of natural science 
teachers, together with their discourse, 
and interactions, has a direct impact 
on the development of scientific com-
petencies, since teachers are the ones 
who guide pedagogical actions in the 
classroom. Therefore, they must possess 
disciplinary, pedagogical, and techno-
logical knowledge that enables them to 
support students in using knowledge 
comprehensively, explaining natural 
phenomena, and formulating their own 
hypotheses, questions, and conclusions.
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