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Abstract - Scientific competencies are related to inquiry, argumentation and explanation processes. Its
strengthening allows the understanding of nature and the environment. The objective of the study is
to implement an educational strategy for the strengthening of scientific competencies in the teaching
of chemistry. The methodology is mixed with the performance of laboratory activities. The sample is
made up of 33 students of eleventh grade of an educational Institution located in a rural area of
Colombia, who don’t have technological resources (cellphone, computer, internet, among others). The
data collection comes from a questionnaire of natural sciences (chemistry) that served as pre-test and
post-test, a script of open questions and the activities developed in class and experiments. It is
concluded that by implementing the didactic sequence it was possible to generate changes in the
teaching of science and strengthen scientific thinking through experimentation in the classroom. It is
recommended a cross-cutting approach of scientific thinking in subjects such as physics, biology and
chemistry.

Keywords: Scientific competencies, natural sciences, teaching of chemistry, high-school education,
teaching- learning.

INTRODUCTION

Competencies are skills to carry out activities based on previously acquired knowledge (Fuentes et al.,
2019; Quintanilla et al., 2005). They're related to the abilities of understanding, representing,
interpreting and identifying contexts that lead to the transformation of reality (Avila et al., 2020;
Fuentes et al., 2019; Ruiz & Espinosa, 2020).

In regards to scientific competencies, they correspond to the study of phenomena based on the search
and selection of information to generate argumentations and conclusions from Science (Sagastegui-
Bazan, 2021). Therefore, it is necessary to carry out inquiry processes to provide answers and generate
knowledge through research (Aditomo & Klieme, 2020; Hernandez & Salamanca, 2017; Pedrinaci et al.,
2012; Pérez & Meneses, 2020; Sanmarti & Marquez, 2017).

In this sense, a scientific literacy is proposed in order that the students are able to develop permanent
learning among their lives (Alcaraz-Dominguez & Barajas, 2021; Juniar et al., 2020; Franco et al., 2014),
strengthen abilities, knowledge, practices, actions and skills (Avila et al., 2020; Gavilan et al., 2013;
Serrano et al., 2015) and protect nature (Sagastegui-Bazan, 2021). On the other hand, being consistent
with the Ministry of National Education of Colombia (MEN), the objective of formation through scientific
competencies is to provide tools that contribute to the transformation of natural phenomena within the
social context (Avila et al., 2020; MEN, 2004).

However, in some educational institutions in Colombia, a traditional methodology of limiting the
teaching of sciences through the orientation with a school textbook or teacher’s speech prevails (Ruiz &
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Espinosa, 2020). Scientific skills shouldn’t be based on the accumulation of knowledge. On the contrary,
they should tend towards applicability in daily life and context-based learning. It must be taken into
account the relationship between skills, nature of the study of phenomena and the construction of
significant learning (Blanchar, 2020; Fuentes et al., 2019; Hernandez & Salamanca, 2017).

Competencies in natural sciences are related to curiosity when observing phenomena and identifying
their characteristics. It seeks to carry out comparisons and describe significant aspects, reach consensus
and build tools for decisions-making based on tangible evidence (Furman & Podesta, 2009; Quintanilla
et al., 2005).

The teaching of natural sciences promotes the use of multiple methods to collect information, analyze,
explore and observe facts or natural phenomena (Avila et al., 2020; ICFES, 2015). In this sense, the laws
that govern them are studied through a reflexive and conscious interaction (Ruiz & Espinosa, 2020). As
a result or consequence of this, the student should be taught to resolve problems related to their
environment, and at the same time understand that each individual can learn science in a different way
(Fuentes et al., 2019; Quintanilla et al., 2005).

Similarly, the way of teaching science must be by generating understanding processes where reality can
be represented. It seeks to integrate researching, educational and scientific processes with the interests
of the student (Hernandez & Salamanca, 2017; Martinez & Gonzalez, 2014). In this regard, in the
curricular guidelines of Natural Sciences of the Ministry of National Education of Colombia, pedagogical
and didactical practices that are related to the formation based on scientific competencies are presented
(Avila et al., 2020; Caamafo, 2018; Cardenas & Martinez, 2017; Izquierdo-Aymerich, 2017; Moreno-
Crespo & Moreno-Fernandez, 2015).

On this subject, Greca et al., (2021); Pérez & Meneses, (2020) and Torres-Porras & Alcantara-Manzanares
(2022) propose that in Spain the basic curriculum, focused on elementary school education in the natural
sciences area must provide the students with fundamentals for scientific formation. It contributes to the
strengthening of competencies that allow it to evolve in transforming scientific and technological
contexts (Daniyarova, et al., 2022; Diez-Ojeda et al., 2021; Osokoya & Nwazota, 2018). At the same
time, external tests such as “Pruebas Saber” and “Pruebas PISA” (OCDE 2015) make evident the need to
strengthen the competencies from elementary school (Rozo, 2017).

The importance of this study lies in the scarce research production about the teaching of sciences at an
educational level (Obregoso et al., 2010). It is necessary to have spaces for reflexive teaching practices
with a didactic mediation of the teaching, which shows the rights and wrongs during the process (Aydin-
Gunbatar & Akin, 2022). This will give rise to favoring autonomous learning through effective pedagogical
strategies that promote the interest in natural sciences (Diez-Ojeda et al., 2021).

Based on the stated, the objective of this research was to implement an educational strategy to
strengthen scientific competencies in high-school students in the teaching of chemistry. In this sense,
laboratory activities were carried out based on the explanation of phenomena, the comprehensive usage
of scientific knowledge and inquiry.

Teaching and learning processes in the area of natural sciences are based on the resolution of contextual
problems and scientific content. In addition, in the 21st century, the school must transform learning
methodologies as well as the materials that are being used (Avila et al., 2020; Ravanal & Quintanilla,
2012). This is with the purpose of responding to the needs of teaching and learning in order to understand
and be participants in their social environment (Hernandez & Salamanca, 2017).

There must be changes, taking into account that students have innate curiosity and an exploratory
idiosyncrasy, and that they’re able to ask constantly. In this regard, cognitive development is directly
related to learning, and when experienced, previous ideas are directly connected with conceptual
changes (Martin & Martinez-Aznar, 2022; Fuentes et al., 2019).

It is necessary to carry out inquiry processes as one can’t learn through concepts, but from daily life
situations (Diez-Ojeda et al., 2021; Furman & Podesta, 2009). Moreover, carry out strategically
sequenced activities, taking into account the learner from their previous knowledge, promoting social
and cultural integration (Alcaraz-Dominguez & Barajas, 2021; Pérez & Meneses, 2020).
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This transformation highlights the importance of interaction between people and their environment.
This is how, in the case of the classroom, students respond to stimuli generated by a mediating agent
(the teacher) (Martin & Martinez-Aznar (2022); Tébar, 2009).

Therefore, a culture of exchange must be fostered in the classroom, so that classmates interact with
each other and base their ideas with evidence. Additionally, Franco et al., (2014) emphasize on the
importance of implementing innovative reforms with appropriate didactical material that can be used
in class. It is necessary to choose experiences in order to know when to use stimuli (Ruiz y Espinosa,
2020).

In the last 20 years, interest in the study of teaching methodologies, pedagogical and didactical practices
has increased (Aydin-Gunbatar & Akin, 2022; Avila et al., 2020). In regards to this, significant changes
in teachers’ strategies are presented, as these are guidelines for learning processes. But it must not be
set aside from the students’ role to obtain an active participation (Fuentes et al., 2019; Quintanilla et
al., 2005).

The development of scientific competencies is related to the abilities of understanding, identification,
interpretation and representation of contexts. In this way, it is intended to transform an individual’s
reality taking into account methodological and social aspects (Pérez & Meneses, 2020; Ruiz & Espinosa,
2020). Processes that are based in the use of scientific language, strengthening of experimental skills
and group work must be included.

It is necessary to implement learning activities, however, it is complex and can be demonstrated through
actions (Sanmarti & Marquez, 2017). It is important to use tools in order to develop and also to
incorporate and maintain learning during life (Franco et al., 2014).

The concept of science is classified as an action with human purposes and therefore, it is needed for
coherent knowledge of conceptual evolutions through scientific thinking (Fuentes et al., 2019;
Quintanilla et al., 2005). In chemical sciences, scientific competencies serve to build concepts and to
relate phenomena, thanks to their explanations (Quintanilla, 2014).

Inquiry and use of scientific knowledge through articulation between practice and theory must be
promoted. Also generate a scenery where the student embraces knowledge in a simple way and can have
significant learnings (Avila et al.,2020; Rodriguez & Blanco, 2021; Torrecilla et al., 2016). It is
fundamental to implement strategies to teach how to observe remarkable aspects that a phenomena
can have. As well as encourage observation with similar and/or different elements and to portray them
in schemes or graphics. Through experiences, the surrounding world can be understood and the liking of
exploring it and interact with it can be promoted (Franco et al., 2014; Fuentes et al., 2019; Pedrinaci
et al., 2012; Torres-Porras & Alcantara-Manzanares 2022).

It is necessary to approach scientific competencies from the teaching of chemical science with specific
content. This can not be abstract and also scientific inquiries must not be promoted if there is no
theoretical framework delimited (Carrascosa - Alis et al., 2020). In regards to teaching of chemical
sciences, teachers must shape students that are able to understand concepts (Fensham, 2007;
Quintanilla, 2014; Avila et al., 2020). The proposal is to teach how to ask questions based on learned
topics (Aditomo & Klieme, 2020; Franco et al., 2014; Torres-Porras & Alcantara-Manzanares, 2022).

It can be said that teaching scientific competencies is a relevant topic but not much organized, this is
because reaching the proposed recommendations in a curriculum is not a simple task, resulting then with
a document full of ideas that aren’t put into practice (Furman & Podesta, 2009).

1. Methodology

The study is framed in a mixed approach with the performance of laboratory tasks with a duration of
three months (two weekly sessions). It is deepened in the understanding of the problems through
qualitative and quantitative data in order to transform the situation that affects the involved population
(Todd & Lobeck, 2004). Through a constant reflection, changes in their contexts are rebuilt and
proposed. In this way, the practice can be improved because problems are being identified in the
teaching-learning process. Likewise, possible solutions are proposed and strategies can be validated if
they’re working (Botella & Ramos, 2019). The current inquiry was done in the second semester of 2021,
between August and October.
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1.1 Participants

The population was made of 33 high-school students (15-16 years old) from eleventh grade of an
Educative Institution in Cundinamarca’s department (state) in Colombia, that were enrolled in chemistry
classes. The sample was intentional and not random, given that it was important to rely on the
information of all students. It included a total of 20 girls (60.6%) and 13 boys (39.4%), 15 of them living
in rural areas and 18 in the urban area of Villagomez town in Cundinamarca. All kids have similar socio-
cultural characteristics: level 1 socioeconomic status (from 6 statuses available in Colombia, being level
1 the lowest), reading and writing mid-level. They don’t have available technological resources (i.e.
cellphone, smartphone, computer, internet access, among others) and they have a limited access to
information. The teacher of this school subject has a major in Food Chemistry, has been working in the
school for 4 years and is the author of this research.

1.2. Data collection instruments

The first instrument was a Natural Sciences (Chemistry) Questionnaire that had 10 multiple choice
questions that were also available on the booklet of the “Saber 11°” Natural Sciences Test from the 2018
ICFES test. These were used on previous exams and contain the 3 topics of natural sciences (Physics,
Chemistry and Biology). For the current study, 10 questions from the Chemistry topic were exclusively
chosen, taken into account that this is the target topic. Evenmore, they were allocated so at least one
of them could be based in each one of the three scientific competencies to strengthen. (Attachment 1).

This questionnaire served as a pre-test and a post-test. In the pre-test, students’ previous knowledge
regarding Chemistry subject and the application of processes of scientific thinking through inquiry were
determined. A week after the pedagogical intervention, a post-test activity was carried out (Attachment
2), identical to the pre-test, with the aim of evaluating acquired knowledge in the three scientific
competencies.

As the second instrument, a script of 10 open questions was implemented with the purpose of knowing
their perception regarding the education they have received. The responses were recorded and
transcribed.

Given the nature of the study, the questions before the implementation were analyzed and categorized
by carrying out an analysis of components. Consistency was checked by a group of experts. The process
was carried out by one of the authors for 10 days until the definitive instrument was obtained.

Based on this information, a didactic sequence with organized activities was carried out so that the
students can obtain significant learning through experiments. In this way, the use of scientific thinking
and contact with the environment are strengthened.

A series of workshops were developed based on theoretical references and the results of the pre-test to
generate spaces for the development of significant learning. These were related to the inquiry and the
appropriation of scientific knowledge through experimentation.

The Basic Standards of Competencies in Natural Sciences included in documents from the Ministry of
National Education of Colombia were taken into account (MEN, 2002) (Table 1).

Table 1. Descriptions of the Scientific Thinking competencies described by the MEN (2002).

Competence Description

Through patterns, observations and their own concepts,
students are able to extract evidence from scientific research.
This allows them to analyze variables to model natural
phenomena.

Phenomena Explanation

In this category, through analysis of their own concepts,
students are able to identify natural phenomena and its
characteristics.

Comprehensive use of scientific
knowledge

Students understand that the construction of explanations about
the natural world are made through scientific research. They
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Inquiry generate conclusions based on their own evidence, observe and
relate patterns.

1.3. Description of didactical experience

Activities carried out in the academic intervention process were sequenced in six stages, each of them
was done in two sessions of two hours each, so the total duration of the implemented educative sequence
was of 48 hours (6 experiments during 12 weeks). Topics discussed and experiments are presented next:

(i). Class research. First part of the experiment session was based on inquiry of theoretical aspects. The
students researched scalar quantities, properties of water (adhesion and capillary action), inorganic
chemical reactions, combustion reactions and saponification reactions. Concepts were clarified through
some master classes and other ones through the development of guiding questions. Likewise, the teacher
generated discussion spaces in an active and direct manner. With constant interventions, she directed
the sequence.

(ii). Conducting experiments. In the second part of the work session, experimental activities were
conducted: lava lamps; in which the students remembered density topics by mixing water, oil
effervescent substances and dyes. Subsequently, they conducted the “Water thread” and “Rainbow”
experiments, where they observed some properties of the water (adhesion and capillary action) by using
a fique string and colored napkins.

Next, sodium bicarbonate and acetic acid were poured in a plastic bottle covered with a balloon to
witness an acid-base reaction (inorganic chemical reactions). Next experiment was a combustion
reaction in order to identify organic compounds. Subsequently, a Netwonian fluids experiment was
conducted in order to prove Newton’s Laws of Viscosity along with reviewing Fluid Mechanics topic.
Lastly, soap was produced through the Hydrolysis of an Ester.

1.4. Development of the activities

Implementation of the sequence of activities in the classroom was carried out through two sessions
during 6 weeks, with a duration of 2 hours each of them (Table 2).

Table 2. Experiments conducted during each class session.

# of class Included Basic Standards Competencies Basic Learning Content
session Experiments | of Competencies Rights (BLR)
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Lava Lamp. To identify Comprehensive | “To understand Scalar
chemical changes | use of scientific that quantities
in the knowledge. temperature (T) (density)
Exploration of environment in and pressure (P)
previous everyday life. affei:]ct .some
; physico-
knowledge. (MEN, 2004) Inquiry chemical
Initial properties of
conceptual substances
associations. To explain Phenomena (solubility,
. different models Explanation. viscosity,
Conducting an | v, 6,6h chemical density, boiling
experiment changes. and melting
(mixing water, points)”
oil and a dye (MEN, 2004).
with an (MEN, 2016,
addition of an p.21).
effervescent
tablet that
releases CO;).
Water thread To explain the Phenomena “To understand | Properties of
and Rainbow. |behavior of fluids| Explanation. the the water
at rest, as well as classification of (adhesion
in motion. materials from | and capillary
; groups of action).
Cz)r:[c)lzcr:itr;negnin (MEN, 2004). substances
(using a fique (elements and
string attached compgunds) and
to the edge of mixtures
two glass (homogeneous
beakers. Then and
water was heterogeneous)
passed through !
the string (MEN, 2016,
without spilling p.22).
a drop and
colored napkins
were used.
These napkins
were moistened
to displace the
dyes and create
a rainbow
pattern).
Self inflating To explain the Phenomena “To understand Inorganic
balloon. relationship explanation. different Compound
between atom mechanisms of Reactions
structures and chemical (Acid-Base
Conducting an the atom Comprehensive reactions Reaction)
experiment bondings it use of scientific (oxidation-
(pouring sodium forms. knowledge. g reduct1c.>tn',
i ecomposition,
bicarbonate (MEN, 2004). neutralization),

and acetic acid

in a plastic

that allow the
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bottle covered
with a balloon.
This results in
carbon dioxide
being produced
and it inflates
the balloon.

chemical changes

To prove the
effects of

temperature and

pressure in

(MEN, 2004).

formation of
inorganic
compounds”

(MEN, 2016,
p. 35).

within chemical
changes.

(MEN, 2004).

Spontaneous Use of the Inquiry “To understand Chemical
combustion. | periodic table to that different reactions of
determine mechanisms of organic
physico-chemical Phenomena chemical compounds
Conducting an | Properties of the |  ayplanation. reactions (Combustion
experiment elements. (oxidation- reaction)
(Chemical reductio'n,
reaction (MEN, 2004). homolysis,
between heterolysis and
potassium policyclics)
permanganate Structure of the allow the
and glycerin to carbon and formation of
oxidize. Carbon | formation of different types
is produced and organic of organic
it generates a molecules. compounds”
combustion). (MEN, 2004). (MEN, 2016,
p. 35).
Newtonians Characterization Inquiry “To analyze Fluid
Fluids. under quantitative mechanics
equilibrium relationships (Newton’s
conditions of Comprehensive between solutes Viscosity
Conducting an chemical use of scientific | and solvents, as Law)
experiment changes. knowledge. well as ';he
(mixing water MEN. 2004 agents that
with cornstarch (MEN, ) affect' the
to observe its formation of
behavior by Performi solutions”
changing its ertorming
temperature quantitative (MEN, 2016,
and pressure). calculations p.31).

How to make
soap

Conducting an
experiment
(Mixing Sodium
Hydroxide with
coconut oil to

Control of the
rate of chemical
changes by
identifying
conditions.

(MEN, 2004).

Comprehensive
use of scientific
knowledge.

Inquiry

“To understand
that in a
chemical

reaction, atoms

of the
molecules of
the reactives
are recombined
to generate new

products, and

Hydrolysis of
an Ester
(Saponificati
on)
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produce soap Relationship said products
and glycerin). between are formed by
functional groups intramolecular
and physico- forces (lonic
chemical and covalent
properties of bonds)”
substances
(MEN, 2016,
(MEN, 2004).
p. 27).
2.Results

In order to provide an answer to the research objective, it was taken into account what was stated by
the Institute for the Evaluation of Education in Colombia in the reference framework for the Evaluation
(ICFES, 2018). The competencies to evaluate in natural sciences were comprehensive use of scientific
knowledge, phenomena explanation and inquiry. Subsequently, it was developed based on the processes
related to the subject of Chemistry.

When analyzing the recording and transcript of the open questions activity, it was determined that the
students do like the subject of chemistry. However, it was considered uninteresting because it involves
memorization processes and it is difficult due to the topics covered. In this sense, they understand that
some activities of daily life are related to chemical processes, but most of them do not perceive the
applicability of the subject.

This is how Camilo considers that [Extracted from the transcript of the open questions activity] “in high-
school, chemistry and physics teachers are bad-tempered and authoritarian, they don’t explain, they
only scold us, tell us to apply formulas and conduct few experiments”. On the other hand, Tatiana
expresses that chemistry classes [Extracted from the transcript of the open questions activity] “should
be practical in order to discover things, learn to conduct simple experiments, go to the lab, receive
explanations of topics with the aid of videos and pictures so that it is easier for understanding them”.

To begin with the implementation of the educational strategy, the methodology to be implemented was
introduced to the students. Most of them agreed that the classes should have 2 parts: a theoretical part,
where the fundamentals of the phenomena to be studied are explained; and the second part should be
practical and enjoyable, where students can interact with objects, substances and/or materials.

Figure 1. a. Explanation of the open-question questionnaire to the students

b. A student answering the pre-test in the initiation stage of the pedagogical intervention.
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In regards to the implementation of the pre-test, success rate for each one of the 10 questions is
represented on Figure 2. There it can be seen that in only two of the items raised, a level of success
superior to 30% was obtained, one of them is focused in the scientific competence “phenomena
explanation” and the other one in “use of scientific knowledge”. The others obtained a low success rate,
highlighting questions 2 and 5 with scores of 6.25% and 9.38%, respectively, which proved an
unsatisfactory performance.

35
3438
30 31.25
2813

25

20 21.88

18.75

15 15.63

Success Rate

12.5
10

9.38

5 625

# of Question

Figure 2. Students’ success rate in each of the questions of the pre-test.

Afterwards, the activities were carried out within classroom practices and students’ willingness
regarding experimental classes was evidenced. Curiosity was the classroom protagonist because the
laboratory implements that were stored were used for some practices. This situation was unusual for
them given that they didn’t have a chance to use them over the past years.

Theoretical references were implemented through knowledge acquisition by consultations that were
carried out by the students and shared with their classmates through round table discussions,
brainstorming, explanatory graphics, among others. Nevertheless, when they were asked to share their
own ideas within each topic’s context, they were limited to paraphrasing some ideas already shared.
This evidenced that their previous knowledge regarding some topics were limited.

Figure 3. a. Theoretical explanation of the experiments to be conducted
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b. Sharing consultations, previous knowledge and brainstorming

As the implementation of the proposed sequence progressed, when finishing each topic, a significant
improvement was observed in each work group in terms of topic mastery and conceptualization. This
recognition became evident as students reinforced concepts and identified key ideas by placing the
topics covered within their social context. Similarly, it was proved that an experimental laboratory can
be set up anywhere, in this case, within their own classroom.

Figure 4. a. Teacher’s guidance during students’ experimentation process.

b. Conducting the water thread experiment and proving theoretical concepts of capillary action.

Figura 6. a. Teacher’s guidance when conducting the Newtonian Fluids experiment.
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b. Experimental confirmation of the properties of Newtonian Fluids by the students.

Lastly, the results of the post-test served to determine the level of development of the scientific
competence after carrying out the pedagogical intervention. These can be observed in figure 7, which
shows the success rate the students had in each question. It is evident that in the first question they
obtained the highest score and most of them were above 20%. The only question where a low rate was
evident was the third one, with a success rate of 12.5%

60

50

Success Rate

# of Question

Figure 7. Students’ success rate in each question of the post-test.

It can be observed that when comparing the results of the pre-test and the post-test (Figure 8), in more
than half of the questions, there was an increase in the success rate. Three of them remained the same
in questions 3, 4 and 7, superior to the 10%, while only in question #10 a decrease in the success rate
was observed. This proved an increment in the development of scientific competencies (Figure 8).

60

50

30

Success Rate

10

# of Question

== Pre-test Success Rate == Post-test Success Rate

Figure 8. Students’ success rate in each of the questions, comparison between Pre-test and Post-
test results.
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Questions will be organized according to the competencies that can be observed in table 3. There were
five questions about phenomena explanation, four about comprehensive use of scientific knowledge and
one about inquiry. It should be highlighted that the level of difficulty of each question is given by the
“ICFES” in Colombia, and this information can be observed at the end of ICFES booklet, in the section
about information of each question.

Table 3. Comparison of Pre-test and Post-test results. Behavior of variables.

# of | Pre-test |Post-test | Behavior of the | Competence Level of
Question |[success |success variable developme
rate rate nt
1 Comprehensive use of
28.13 59.38 scientific knowledge 3
2 6.25 37.5 Phenomena explanation | 1
3 Comprehensive use of
12.5 12.5 Maintained scientific knowledge 1
4 21.88 21.88 Maintained Phenomena explanation | 1
5 9.38 31.25 Inquiry 1
6 18.75 31.25 Phenomena explanation | 1
7 34.38 34.38 Maintained Phenomena explanation | 1
8 Comprehensive use of
31.25 34.38 scientific knowledge 1
9 Comprehensive use of
15.63 25 scientific knowledge 1
10 25 21.88 Phenomena explanation | 1

5.Discussion

The current research provides evidence that in natural sciences there must be a relationship between
academic context and practical classes (Avila et al., 2020; Caamano, 2018). In this sense, problems based
on activities that surround the students, such as making soap, lava lamps, self inflating balloons, water
threads, among others, were solved. In this way, spaces were generated so that they have understanding
processes through the teaching of science (Fuentes et al., 2019; Quintanilla et al., 2005).

By teaching natural sciences in this way, it is possible to encourage research (Obregoso et al., 2010) and
by implementing teacher practices that benefit them (Pedrinaci et al., 2011; Ruiz & Espinosa, 2020). In
this sense, it should be taken into account the school grade, level of formation and adequate teaching
methodologies. Also, to offer innovative content to promote scientific competencies (Fensham, 2007).
When implementing this didactic sequence, the teacher's role as a mediator with an active role to guide
them through playful activities was essential (Hernandez & Salamanca, 2017).

In this order of ideas, it is important to highlight that the said competencies are not acquired
spontaneously, but must be taught. For this, the assigned teacher played a major role in the guidance
of each of the experimental activities, encouraging reflection for its understanding and generating the
required stimuli to promote an adequate interest (Diez-Ojeda et al., 2021; Furman & Podesta, 2009).
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In regards to this, teachers’ point of view must be taken into account so that they can argue based on
sustainable evidence, as well as reflect, analyze, synthesize and promote spaces for self-criticism
(Romana, 2016).

Is this how it is proposed to implement these innovative experiences by finding explanations of how the
natural world works through the exploration (Fuentes et al., 2019; Furman & Podesta, 2009; Torres-
Porras & Alcantara-Manzanares, 2022). But for this, there must be joint work to implement
methodologies that can favor the development of basic competencies (Fensham, 2007; Franco et al.,
2014).

Another aspect that can be highlighted from the application of the didactic sequence worked on in this
research is the acceptance it had from the students, the laboratory practices and the materials used in
each topic. What some authors pointed out regarding understanding scientific thinking as the ability to
respond to the proposed requirements in any scientific activity within the educational context was
confirmed (Avila et al., 2020). Since, through the search of science related data, broad knowledge can
be acquired (Quintanilla, 2014).

Within the planning of the activities, the abilities observed in the pre-test results were taken into
account, following a structure that prioritizes didactic topics based on guiding questions (Fuentes et al.,
2019). It was evidenced that the experiments carried out were integrated into a context that allowed
them to create concepts. This was done through the use of thinking tools that could be supported through
the data they collected and hypotheses they raised at the end of each experience.

The main approach is to strengthen researching abilities within the school context, especially the
methodological dimension (Pérez & Meneses, 2020). For this, within the sessions of feedback and
socialization of the results of the activities, the identification of problems was evidenced. Similarly,
observation collection and organization of relevant data, analysis of results, development of conclusions
and the communication of the same. In this sense, teamwork and proper use of the materials with which
the students work, become important (Juniar et al., 2020; Martinez y Gonzalez, 2014, Martin & Martinez-
Aznar 2022).

Regarding the development of elements of scientific thinking, it was determined that through the
structuring of contextual and conceptual learning through the implementation of the didactic sequence,
the acquisition of the competencies was favored. The aspects that could contribute were the interaction
with chemical elements and materials, joint work, dialogue and argumentation. Similarly, by applying
this methodological work of significant experiences, the participation of the students was increased.

The population with which the study was done can be highlighted as an innovative component of the
same. This is because they are students who live in the rural area of the town where the Educational
Institution is located. They don’t have the necessary resources in their daily life, school supplies nor
adequate nutrition. They can be placed in the lowest socio-economic level, so school dropout, poor study
habits and little interest in the school subjects taught are the common denominator. For this reason,
the positive results shown by the current research stand out in a country like Colombia, in which changes
that lead to social and educational transformations are needed (Pozo, 2016).

Regarding the evaluation instruments that were used, it can be highlighted that they were consistent
with the experimental activities. It was possible to carry out a progressive assessment of the favorable
results in terms of scientific thinking in order to improve its development in practices that include
scientific inquiry (Aditomo & Klieme, 2020; Williams & Dries, 2022). Moreover, an adequate environment
was also created to work on the said competencies. The relevance they had in daily life was evidenced,
the students were encouraged and there was a didactical treatment within the classroom (Franco et al.,
2014; Greca et al., 2017). This shows that implementing methodologies that promote research through
experimentation in the classroom, enables the acquisition and strengthening of scientific competencies
(Torres-Porras & Alcantara-Manzanares, 2022). This can be achieved through processes in which the
students can build their knowledge of the natural world in a meaningful way.

Despite that, the proposal had certain limitations such as time and availability of materials, this because
there were only 12 weeks for the project. Due to the SARS-CoV-2 pandemic, the project began to be
implemented back in August 2021, when the educational community started to go back to physical
classes within the educational institution. The authors consider that in order to obtain better results,
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there should be a context of teaching, learning and daily experience so that it is continuously
strengthened. Another limitation was the lack of chemical reagents and materials to carry out
experimental practices, which is why we had to use our own resources to complete them. Despite this,
it was possible to count on the responsibility, commitment and disposition from the students during the
work carried out.

This research generates a contribution to the field of research on scientific competencies, their
development and strengthening in high-school education. This is how the importance of constantly
developing laboratory tasks with active participation is highlighted. In this sense, it is necessary to train
teachers to promote such participation. As well as having a cross-cutting approach in the curriculum of
other scientific school subjects such as physics and biology, thus implementing experimental practices
(Daniyarova et al., 2022; Martin & Martinez-Aznar (2022); Juniar et al., 2020; Corredor & Saker, 2017).

CONCLUSION

Teachers are invited to exchange traditional practices for inspiring methodologies and embrace a new
culture of science learning. The teaching process must be addressed by using intentional strategies
through specific activities based on school content. It is essential to understand chemical phenomena by
identifying, explaining and working jointly with the students. The authors of this study consider that the
results presented can serve as a useful reference for academics who wish to promote scientific
competencies in the school subject of chemistry and natural sciences in high-school.
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