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The use of the inquiry-based instructional approach allows the development of research skills and construction of scientific knowledge. When coupled with effective teaching strategies, this approach allows for the modeling of the world's laws and theories with reality, thereby making science more accessible. The objective is to analyze the instructional models, subject areas, and developmental areas implemented by secondary school teachers in science education. After a systematic review of Web of Science, Scopus, and ERIC databases from 2013 to 2022, 51 articles were selected, which include qualitative, experimental, and descriptive works. The results indicate that teaching science has a tendency to achieve learning using scientific reasoning, with high expectations based on evidence, and a predisposition to the use of constructivism instructional models. The need for continuous teacher training to understand scientific knowledge and to master strategies for implementing open inquiry is emphasized. It is concluded that all studies focus on IBL, which encourages new ways of conducting science while considering the cyclic application processes. Similarly, the trend toward technology-based serious games, such as video, audio, and digital platforms, is becoming increasingly evident in current education, as is the drive to develop STEM methodologies.

KEYWORDS
inquiry-based learning, science, inquiry-based teaching, secondary education, systematic review


1. Introduction

The Program for International Student Assessment (PISA) evaluates scientific competence carried out by the Organization for Economic Cooperation and Development (OECD) through assessments in the areas of reading, mathematics, and science competencies of adolescents aged 12 to 15 (Amini and Sinaga, 2021). In this perspective, educational institutions in countries have made efforts to improve the quality of education, especially in the scientific literacy of students, creating tools and strategies for students to assume positive attitudes toward science (Simamora et al., 2020). In this sense, scientific activities in the classroom should be dynamic, but teachers have not yet reached a consensus on what level of inquiry to use in teaching (Berie et al., 2022). In this regard, we aim to analyze the models, competencies of scientific inquiry, and didactic applications in studies that implement and allow for the dynamization of the knowledge and scientific reasoning used in classroom processes (Simamora et al., 2020). In this perspective, we need to expand our study to determine which instructional learning models in science are familiar to teachers, the thematic fields developed in classrooms, and the thematic development perspectives of practices, technology, and didactics in praxis.

Based on the results of PISA, in 2018 in the Peruvian context, only 404 points were achieved in relation to scientific competence, placing us at level 1a, demonstrating mastery of basic knowledge, simple explanations, identification of minimal causal relationships, which leads to low cognitive demand (Perú Aprendizajes et al., 2022). Based on these findings, it is necessary to analyze teachers' experiences in relation to science teaching, to find a balance point to improve classroom practices that lead to efficient and sustainable research and understanding of phenomena. Only one Peruvian student, representing 0.8%, reached level 6, demonstrating the management of scientific ideas with evidence of mastery of conceptual, procedural, and epistemic content for decision-making (Perú Aprendizajes et al., 2022). Just as they are transferring the information they learned in school to daily life (Kinyota, 2020; Tuna and Seckin-Kapucu, 2022). Given this need, it is necessary to analyze other contexts in the use of approaches, strategies, and forms of intervention in the science classroom, which allow for the reconceptualization of teachers' practices.

In the systematic review of literature, an analysis of the academic performance of scientific literacy of Indonesian students was found, between 2012 and 2015 with a low level and much lower between 2015 and 2018, meaning that they did not manage to achieve the skills: (a) Explain phenomena, (b) evaluate and design investigations, and (c) interpret data based on scientific evidence (Amini and Sinaga, 2021). Also, the analysis of the trend in the use of structured and confirmatory inquiries used by teachers to develop critical thinking and attitudes in the classroom (Berie et al., 2022). The importance of didactic strategies and the use of the school laboratory in the development of sciences were found, where the implementation of technology is highly beneficial carried out from a playful perspective, making a differentiation of use between electronic, virtual, and remote laboratories (Canchola-magdaleno and Suárez-medellín, 2022). Other studies include in their proposals the integration of digital technology through mobile phones to develop guided inquiry and open up a new scenario to the open one (Liu et al., 2021), as an alternative for autonomous thinking. It was also confirmed in the documentary review that the most used instruction by teachers and students was that of inquiry in sciences (Teig, 2021).

Within the gaps found, there is no evolution of inquiry-based learning with the capacity to generate scientific education in the classroom (Liu et al., 2021), which allows capturing the interactions of students together with teachers to analyze the actions, didactic sequences, and observable strategic behaviors in the inquiry process used (Teig, 2021). As well as approaching the analysis of scientific teaching in schools and its relationship with curricula (Kinyota, 2020).

This study is relevant because it opens up new scenarios for science teaching and the scientific, didactic, and technological impact that the world is assuming for achieving learning from its internal and external measurements; that make it possible to apply strategies that allow the internalization of curricular contents, in a real way to face and solve science-based problems.


1.1. Scientific literacy in the PISA framework

Scientific literacy is related to science in daily activities, to build a logical framework that enhances scientific thinking and knowledge (Alatli, 2020). This will be possible if the principles of: (1) Knowledge of the concepts and ideas of science; (2) understanding of the research process and the nature of how knowledge is obtained; and (3) awareness of the influence of scientific activities in the social context in which they are carried out and their effects are mobilized (Simamora et al., 2020).

Scientific knowledge, scientific thinking, and attitudes toward science together form scientific literacy (Miller, 1983). Therefore, the first one is centered on knowledge and understanding of scientific constructs to identify physical phenomena in the world; the second applies methods and principles of scientific inquiry, and the third verifies, respects logic, and considers assumptions and consequences (Lieskovský and Sunyík, 2022). For its assessment of scientific competence in PISA, it is framed in the following dimensions: context, competencies, attitudes, and knowledge. In the case of the first dimension, it is important to start from the local, regional or national context, which requires some scientific knowledge. The second dimension requires explaining, designing, and interpreting, the third creating awareness and scientific utility, and the fourth requires an understanding of content, process, and epistemic knowledge (Alatli, 2020). Its dynamicity depends directly on the model assumed by the teacher in basic education teaching.



1.2. Inquiry based instructional model of learning

The instructional model refers to the attitudes of students that they assume when solving a task with high cognitive participation (Lee et al., 2015), which allows them to explain, predict, experiment, and make decisions with opportunities to investigate their own questions about science-based topics and problems (Panjaitan and Siagian, 2020). The tendency in the analyzed literature is the use of the Inquiry-Based Learning (IBL) model, with a student-centered and constructivist instructional approach (Kaçar et al., 2021; Teig, 2021). This model allows for interpreting data, constructing models, or developing scientific explanations through a set of integrated activities that include experiments, integrating scientific knowledge and reasoning (Kaçar et al., 2021; Teig, 2021).

Studies based on IBL, based on TIMSS and PISA assessments, classify three lines of research: (1) inquiry as an instructional approach that examines different types of inquiry information, such as student or teacher characteristics, to explain perceived classroom implementation, (2) inquiry as an instructional outcome that focuses on explaining differences in student inquiry outcomes, either as overall science performance or specific scientific inquiry skills, and (3) inquiry as both an instructional approach and outcome that focuses on the relationships between inquiry input, process, and output (Teig, 2021, p. 12).

Therefore, IBL develops science through the following phases: (1) initiating the inquiry process; (2) improving dialogue with students; (3) forming discussion groups; (4) clarifying misconceptions students have about materials, scientific research procedures, and attitudes; and (5) using student experiences to form new knowledge (Odegaard et al., 2015). The inquiry activities involve planning, carrying out experimental steps, and proposing results (Sutiani et al., 2021). These stages open up the development of thematic fields in science education, generating scientific competence, scientific reasoning, communicative focus, scientific practices, attitudes, and skills (Martínez-Suárez, 2022).

Therefore, scientific competence relates to levels of abilities, knowledge, and attitudes; scientific practices allow for building school scientific models through modeling and argumentation, generating a positive and critical attitude toward science (Alcalá and Maqueda, 2022); scientific reasoning depends on three specific forms of knowledge: knowledge of concepts, procedures, and epistemic knowledge to justify scientific claims (Occelli and Valeiras, 2019).

The use of different constructivist-based learning methods, starting with a problem and emphasizing the process of creating information by students, using project-based learning, problem-based learning, cooperative learning, 5E and 7E models, among others (Bogar, 2019), is important to evidence their use in the classroom. Therefore, it is necessary to analyze the approaches, methods used by teachers, as well as the thematic fields of application developed to explain natural phenomena, scientific representations, didactics, and technologies that allow for communicating scientific concepts.

Given this openness of IBL in the educational field, it allows us to ask the following research questions:

RQ1: What are the instructional models of inquiry-based learning used in science teaching in secondary education?

RQ2: What are the thematic fields from the didactic and pedagogical perspective developed in the science classroom in secondary education that complement the IBL pedagogical approach in science used by teachers in secondary education?

RQ3: What are the educational contents modeled with constructivist methods in inquiry with practical, technological and didactic applications in secondary education?




2. Methods and resources

The study uses a systematic review research approach, utilizing the databases of Web of Science, Scopus, and ERIC for article search. The search for studies included in the analysis was conducted from July 4 to July 11, 2022, based on the defined protocol keywords. Articles were downloaded based on their title, abstract, and keywords from the databases and transferred to a matrix, where inclusion and exclusion criteria were applied. Once 51 documents were selected, the researchers conducted a reading phase to determine science models/methods, instructional design characteristics, educational content, technological and didactic applications based on science for high school students. Any disagreements were resolved through consensus.

The research process involved five stages: (1) establishing the criteria for selecting articles with a maximum publication date of 10 years, from 2013 to 2022, (2) determining the sources of information used in the study through online searches with Web of Science, Scopus, and ERIC, (3) selecting literature for review through keyword searches, (4) collecting data through EndNote X7 and Earlier and Publish or Perish, which were exported to Excel tables containing data on year, title, author name, and inquiry-based learning outcomes in secondary education, and (5) selecting data based on the article's information according to the experiences of inquiry-based learning in high school students. See Table 1 for a list of keywords and see Table 2 for validated search strings and see Figure 1 PRISMA method.


TABLE 1 Descriptores.

[image: Table 1]


TABLE 2 Search strings in the databases.
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FIGURE 1
 Flow diagram according to the PRISMA statement.


In this sense, the following criteria were delimited.


2.1. Inclusion criteria

Original scientific articles of open access published between 2013 and 2022, in English and Spanish, peer-reviewed, empirical, experimental, descriptive and qualitative articles, studies conducted in secondary education, inquiry-based learning, research developed in school environments where the participants were teachers or students, inquiry-based teaching, and science.



2.2. Exclusion criteria

Articles about students with learning difficulties, syndromes or disorders, studies on primary education, articles not published in education journals, doctoral theses.




3. Results

To determine the scientific significance of the sample, some bibliometric parameters or indicators were analyzed, such as year of publication and country, obtaining the following results.

Regarding the year of publication, the sample ranges from 2014 to 2022, with 2019 and 2020 being the years of highest production, with 10 and 16 articles, respectively. That is to say, it is in the last 4 years where the majority of the articles on this topic are concentrated, which allows us to infer a growing interest in it. Figure 2 shows the distribution of articles over time.


[image: Figure 2]
FIGURE 2
 Publications by year.


The distribution of these studies by country is shown in Figure 3. The variety of countries in which the research was carried out (33 countries) stands out in relation to the limited sample obtained, with the United States being the country with the highest number of publications found (7 articles), followed by the Netherlands (6 articles) and Indonesia (5 articles).


[image: Figure 3]
FIGURE 3
 Publications by country.


Based on the indicators proposed in the methodology, the results of the analyzed literature are presented:

RQ1: What are the thematic fields from the didactic and pedagogical perspective developed in the science classroom in secondary education that complement the IBL pedagogical approach in science used by teachers in secondary education?

The principles of constructivism are energized through hands-on learning, active and collaborative construction of knowledge, the relationship of learning with prior knowledge, and applicability in everyday life (Rutten et al., 2015; Dagys, 2017; Rahmat and Chanunan, 2018), which are reflected in the classroom through different teaching models that the teacher only guides or accompanies the student. Upon examining the studies, all of them used IBL centered on the constructivist model, with the use of different types of structured, guided, and open inquiry, with the latter two being a trend in science education. Group models are found to a lesser extent. Finally, there is a growing demand for the game-based learning model, where STEM and virtual, electronic, and remote laboratories are used in teaching, and experiential learning (Peters-Burton et al., 2015). It aims to generate scientific practices (Musavi et al., 2018; Natale et al., 2021) by addressing environmental problems with responsible, reflexive citizenship, becoming agents of change (Forbes et al., 2020). See Table 3 for more details.

RQ2: What are the thematic fields from the didactic and pedagogical perspective developed in the science classroom in secondary education that complement the IBL pedagogical approach in science used by teachers in secondary education?


TABLE 3 Models of inquiry used in science teaching in secondary education.

[image: Table 3]

From a pedagogical-didactic perspective, for the development of scientific thinking, the thematic field most addressed in studies refers to scientific reasoning, which opens up modeled educational practices that favor the affirmation and justification of what is learned. There is also a tendency toward scientific competencies that allow for modeling and understanding of processes to achieve knowledge and skills. Some studies prioritize scientific practices, attitudes, and skills that open up spaces for inquiry processes in science, where the student has a leading role. These pedagogical-didactic trends call for interest in the teaching and learning process not only from self-informed methods but also in the discursive aspect in classrooms (Martínez-Suárez, 2022, p. 17) (see Table 4).

RQ3: What are the educational contents modeled with constructivist methods in inquiry with practical, technological and didactic applications in secondary education?


TABLE 4 Thematic fields in the science classroom in secondary education, from a pedagogical didactic perspective.

[image: Table 4]

In the examined studies, the science area addresses various contents of the secondary school curriculum; but the greatest impact is grouped in the area of earth science and environment, which allows for the development of the thematic fields of competence and scientific reasoning, grouping 36 studies. Only 11 cover contents that address technological applications with authentic learning based on the use of laboratories, augmented reality, virtual reality, problem-solving, projects, experiments, and the use of platforms concentrated in the area of Science and Technology, which allow for reasoned reasoning, motivation, and cooperation in interactions. Finally, to a lesser extent, health science studies are located, which strengthen physical care and conservation of nature (see Table 5).


TABLE 5 Modeling of educational contents based on inquiry with didactic and technological application in secondary education.
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4. Discussion

The pedagogical approach in IBL is present in all studies of science education in secondary education, supported more frequently by the constructivism approach, which allows for the design of learning and active participation situations, with the student as the protagonist, where knowledge is constructed and sustained over time, in contrast to reality. Consistent with this statement, studies have found a level of appropriation of IBL approach by teachers, allowing for the development of skills to learn and solve problems autonomously and cooperatively (Chairam et al., 2015; Dagys, 2017; Cairns, 2019; Kaçar et al., 2021), which allows for knowledge transfer (Chen et al., 2019). Similarly, activism and game-based learning are evolving as potential instructional models. STEM methodology presents an interdisciplinary approach in areas of engineering, mathematics, science, art, and technology, to implement problem-based pedagogical actions that enable a high motivational, communicative, argumentative, and reflective critical positioning experience, seeking to change attitudes and commitment to the environment (Musavi et al., 2018; Attard et al., 2021; Natale et al., 2021; Arztmann et al., 2022). Additionally, the use of laboratories allows for obtaining cognitive results, making learning more experiential in its execution. However, it is argued that there is a demand for appropriate and effective scaffolding techniques for inquiry processes (Kinyota, 2020).

From a pedagogical and didactic perspective in teaching, thematic fields show a trend toward scientific reasoning, which is similarly reflected in the analysis of understanding scientific processes and the development of higher-order cognitive skills (Cairns, 2019), with some efforts to achieve open inquiry that reflects the authenticity of science and encourages students to be active learners, resulting in effective implementation (Rahmat and Chanunan, 2018; Lameras et al., 2021). Likewise, it is detected that teachers are aware that the student is the protagonist of learning, under the guidance of the teacher. Consistent with this perspective, an analysis of the curriculum is required to establish how knowledge, skills, and attitudes are promoted in science and how teachers integrate technological devices in the classroom (Canchola-magdaleno and Suárez-medellín, 2022).

Regarding the content, it focuses on the area of earth science and the environment with an emphasis on scientific reasoning and competencies. Physics, biology, and chemistry are subjects that deal with the reactions and properties of substances, which require direct experiences, the use of laboratories, or virtual environments to understand the natural phenomena of the physical world, sustained with a focus on sciences. In this perspective, cognitive learning seeks to solve real problems within the framework of authentic learning to achieve the understanding of acquired knowledge (Chairam et al., 2015; Putica and Trivic, 2016). Therefore, teachers face challenges and dilemmas when implementing scientific inquiry teaching in their classrooms (Chen et al., 2019), but due to the lack of time and the handling of materials, methodologies, conceptual understanding of content, competencies, and motivation by teachers, this teaching can lead to routine and mechanical activities (Correia and Harrison, 2019; Fitzgerald et al., 2019).

The findings of this systematic review highlight, firstly, the learning activities used that address different themes with a tendency toward the dominance of scientific reasoning and competency, emphasizing modeling as a scientific practice that manifests didactic intentionality to understand and explain natural phenomena. Consistent with the findings, it is argued that the design of different didactic materials and instructional procedures promotes motivation, interest, and commitment by effectively involving students in practice (Chen et al., 2019; Kaçar et al., 2021). The second finding reports that it is timely to examine current models of professional development for science teachers, as the inquiry model requires time, preparation, and experience. In different studies, it has been found that teachers struggle to apply the instructional model or are unaware of the meaning of a deep understanding of the IBL model using any form or strategy (Lee et al., 2015; Dagys, 2017; Fitzgerald et al., 2019) due to a lack of disciplinary and didactic mastery (Alston et al., 2017). The third finding shows that scientific inquiry developed in most of the studies is structured and guided, with a tendency to migrate toward open inquiry. It focuses on promoting critical thinking, argumentation, and modeling for the development of scientific competency. Therefore, the use of game-based learning is recommended to enhance the use of laboratory (Chairam et al., 2015; Romero-Ariza, 2017; Becker et al., 2020).

The contribution of this work revolves around the argument that teachers' practices in implementing school science are effective in their development and that the results are optimal for improving student performance. These practices are based on the IBL instructional model, which, together with different methodologies of the constructivist approach, allows for the mobilization of learning to authentic scenarios to activate motivation and interest in the sciences, with high commitment, creativity, and critical thinking. In this perspective, digital and intelligent technologies allow enhancing science education in the school curriculum, enabling motivation, engagement and effective learning results from the analysis of the literature on the use of games in science education, their potential and their connection with learning, highlighting the growing integration of digital and intelligent technologies in education to improve learning (Kalogiannakis et al., 2021).

Finally, it is necessary to rethink teacher preparation for these new educational scenarios based on inquiry, with support for task preparation, appropriate methodology for the context, and the selection of content to bring them closer to reality (Dagys, 2017). To this end, it is argued that it is necessary to continue exploring the impact of teachers' professional development, along with students' learning outcomes (Chen et al., 2019).

Within the limitations, this study does not report an analysis of the types of inquiry, work, or inquiry strategies most commonly used, as this would be important to establish for future research. It would be important to conduct a qualitative cohort study that uses the methods that teachers in the classroom use to work on science, and to address the efforts and gaps that exist to face current challenges and trends in science teaching.



5. Conclusions

This study presents a qualitative summary of the results of 51 research studies on inquiry-based learning (IBL) in science education at the secondary level. In general, it can be concluded that the studies report that the IBL approach is worked from a constructivist perspective, and that teachers in their instructional interventions also show an increase toward approaches to learning based on games and activism. There is high heterogeneity in the models and interventions in science and technology education, which requires rigorous planning of the technological and physical tools to be used, and appropriate didactic intervention that denotes a high prevalence of scientific reasoning, as well as curricular interventions in earth science and environmental science content. Therefore, more empirical research is needed that reports on the observation of experiences in the classroom, the types of inquiry being developed, the modeling and scaffolding practices used by teachers in the classroom, as well as the approach and strategies they develop to teach science and detect strengths and weaknesses in their professional development. This is because the inquiry model requires time, preparation, and experience, and can open up ethnographic or narrative studies. The growing demand for education has driven the development of STEM methodologies and the use of games as educational tools. The trend toward technology-based serious games, such as video, audio, and digital platforms, is increasingly evident in current education.
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