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ABSTRACT

Background and Objectives: The change in teaching and learning approaches to science through inquiry-
based methods and the application of technology can improve student motivation. Therefore, the aim of this
study was to identify the components of science education using the inquiry-based method with a technology-
oriented approach in education. Metheds: Qualitative research method was conducted based on grounded
theory, using snowball sampling. Data reached theoretical saturation after 18 interviews with Farhangian
University professors. Data were collected using semi-structured interviews and analyzed using the thematic
analysis method of Depoy and Gitlin. The quantitative research method was descriptive using survey study;
the researcher created a questionnaire as a research tool, and the statistical population consisted of primary
school teachers (N=113), selected via simple random sampling. Findings: Qualitative data were analyzed
through interviews during the open, central, and selective coding, revealing 13 elements across 4 dimensions
(logical thinking, lifelong independent learning, technology-based approaches, development of content, and
pedagogical knowledge) and 9 components (development of skills, promotion of scientific thinking, gradual
acquisition of knowledge, acquisition of a wide range of abilities, development of virtual laboratory
infrastructures, development and equipping of real laboratories, role of professors in reflective teacher
training, foundation for learning new teaching methods, and architecture of teacher training curriculum).
Quantitative data analysis utilized structural equation modeling and one-sample t-tests. Conclusion: The
construct validity and reliability were confirmed through factor loadings, Cronbach’s alpha, composite
reliability, and convergent validity, and overall model fit via the GOF criteria. Therefore, the adoption of this
model is recommended to improve the quality of education and learning in teaching science.
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Introduction

The constructivist approach assumes posits that students build their knowledge through active
interaction with the environment and hands-on experiences, thus gaining a deeper understanding of
concepts (Schunk, 2012). In this process, the inquiry-based method plays a crucial role in developing
critical thinking and problem-solving skills by encouraging students to ask questions and conduct scientific
experiments (Bazlaci, 2022). Educational technologies such as simulations and virtual labs enable both
teachers and students to effectively implement these methods in digital and interactive environments, which
enrich learning experiences and enhance the understanding of scientific concepts (Harris Hofer, 2023).
With the advancement of information and communication technologies for education, emerging educational
tools and assistants including learning management systems, discussion forums, online testing systems
(Godesk Muller, 2024), and artificial intelligence tools and assistants (Fatriyeh, 2021) have entered the
education field, transformed the teaching and learning process, especially in the field of science education.
Researchers argue that the integration of educational technologies into inquiry-based learning provides
opportunities to enhance student interest and motivation, foster a deeper understanding of scientific
concepts, reduce cognitive load, and strengthen research skills (Matos Zenin, 2021; Giorgio et al., 2021;
Becker et al., 2020; Hsiao et al., 2017). In this contex, Becker et al. (2020) believe that technological
advancements can enrich inquiry-based teaching and learning environments by using multimedia content.
Wang et al. (2010) emphasized that modern educational technologies can be used to enrich problem-solving
contexts in inquiry-based education and facilitate the utilization of innovations and creativity while
supporting learners’ cognitive and metacognitive processes. Vogel et al. (2010) stated that the potential
benefits of using sensor and mobile technologies with real-time data and location-based infographics could
increase student engagement and enable them to conduct scientific inquiry and analysis in new ways. Given
the conducted reviews and the lack of comprehensive research addressing the components of science
education through the inquiry-based method with a technological approach, this study aims to design and
develop an educational model based on these approaches and validate it to contribute to improving the
quality of science education.

Methodology

This study was conducted within the framework of a mixed-methods research approach. Initially, the
qualitative phase was based on grounded theory using an inductive method. In this research, semi-structured
interviews were used to collect data for the qualitative section. Accordingly, interview questions were
developed and, after a process of validity confirmation in terms of form and content, the final version of
the interview protocol was prepared. However, during the interviews, additional questions were asked based
on the experts’ responses. The target population for the qualitative section consisted of professors, faculty
members, and instructors of sciences, as well as professors in the fields of educational sciences, psychology,
and information technology at Farhangian University, with extensive professional experience. The
qualitative phase was sampled using a convenient sampling method. The first expert identified was someone
who had taught in related fields at Farhangian University for many years. The snowball sampling method
was then used to identify additional experts. Data collection was conducted through focus group interviews.
The interview process continued until the 18th participant, and because of saturation and repetition of
speech signs and expressed concepts in the final three interviews, the interview process was concluded.
Data analysis was performed using the thematic analysis method proposed by Depuy and Gitlin (2005),
which includes six stages: familiarization with the data, coding, searching for themes, organizing themes,
reviewing themes, defining and naming themes, and writing up the findings. To ensure the reliability of the
data collection tools, recoding by the researcher and a second coder was performed, resulting in an inter-
coder reliability coefficient of 0.91 and a recoding reliability coefficient of 0.79. To verify the tools, we
employed prolonged engagement, peer debriefing, and expert review by knowledgeable individuals.

Results and Discussion

Initially, 356 open codes were obtained, and based on the aforementioned analysis method, themes
emerged from the opinions and experiences of the interviewees. Then, through rereading and reviewing the
codes, redundant codes were eliminated and merged. After axial coding of the identified codes, 13 elements
(4 dimensions and 9 components) and 1 main theme were identified and explained. One of these dimensions
is logical thinking. This dimension includes two components: the development of skills and the promotion
of scientific thinking. The ability to think logically is essential for every individual to solve various complex
problems because the most effective solution to overcoming the challenges and complexities of real life is
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provided through logical thinking. In the context of science education, this curriculum, with an emphasis
on hypothesis generation, identifying and controlling variables, and reasoning from data, provides a tool
that enables students to think logically about everyday events and phenomena to overcome real-life
problems and solve them practically (Shafina et al., 2020; Parmian et al., 2017; Sezen Bulbul, 2011).
Moreover, in the field of sciences, there are also abstract concepts, for instance, many physiological
concepts, that require students’ ability to think logically to better understand these subjects (Kimmer, 2012).

These topics have led to one of the learning goals of sciences being the empowerment of students’ logical
thinking abilities (Parmian et al., 2017). In line with this study, Hedayat and colleagues (2024) stated that
to improve logical thinking, various innovative practical approaches must be developed. The results of the
study by Dowran and Dukmeh (2016) indicated that the integration of technology with inquiry-based
learning had significant effects on the logical thinking skills of students. Another dimension of the paradigm
model is the aspect of lifelong independent learners. This dimension also consists of two components: the
process of gradual knowledge acquisition and the acquisition of a broad range of skills. The occurrence of
the scientific-technological revolution has highlighted the deficiencies of some common educational
methods in the world of education (Toshling Engman, 2006). In such situations, acquiring skills such as
independent and lifelong learning, problem-solving, and decision-making in complex situations in
educational systems is of higher priority (Saraji, 2012). Given that the goal of science education is to
provide conditions under which learners develop the ability to independently acquire scientific literacy
throughout their lives—commonly known as lifelong learning—it follows that in this study, one of the
dimensions of the proposed model is the aspect of lifelong independent learners. Another dimension of the
paradigm model is the technology-based approach. This dimension also includes two components: the
development of virtual laboratory infrastructure and the development and equipping of real laboratories.
Modern educational technologies create opportunities for improving learning and teaching activities. The
use of this technology activates both teachers and students (Sultanova Saadallah, 2024; Gao, 2021).
Today’s society requires competent teachers with both scientific and technical abilities who can design the
educational process using modern educational technologies and work toward professional development by
acquiring the necessary competencies in the use of these technologies. The final dimension of the
paradigmatic model of this research is the development of content knowledge and pedagogy. This
dimension consists of three components: the role of teachers in training thoughtful teachers, the facilitation
of learning modern teaching methods, and the design of teacher preparation curricula. Teachers’
professional development plays a key role in strengthening teaching methods, educational strategies, and
classroom management skills (Watneh et al., 2020). Teachers can better meet the diverse needs of their
students and create more conducive learning environments by continuously improving their knowledge and
techniques (Vali et al., 2019). They can integrate innovative teaching strategies and keep up with emerging
educational trends (Alwaily et al., 2023). In line with the present study, Beard and Alexander (2020),
Cavendish et al. (2021), and Peckdag et al. (2021) stated that in education, the interaction between the
classroom environment, teacher professional development, and student academic performance is a central
relationship that impacts educational outcomes. In the paradigmatic model of this research, it was shown
that to achieve effective science education through an inquiry-based approach with a technological
perspective, teacher professional development, from the perspective of content knowledge and pedagogy,
must be considered by educational authorities (Fig. 1).
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Fig. 1- Paradigmatic Research Model; inquiry-based science education with a technology approach in
education

In the second phase of the present study, to validate the inquiry-based science education method with a
technological approach, a questionnaire based on the developed model was designed and distributed
through simple random sampling among a sample size of (113) participants. The model’s goodness - of -
fit was analyzed using confirmatory factor analysis. After model refinement, the results showed that the
factor loadings between the questionnaire items and their corresponding latent variables were highly
significant and correlational. Additionally, Cronbach’s alpha values, composite reliability, convergent
validity, significance coefficients, and R? values all fell within acceptable ranges. Furthermore, the overall
model fit was assessed using the Goodness of Fit (GOF) index, which yielded a value of 0.7, indicating a
strong model fit and confirming the model’s overall acceptable quality. Therefore, it can be concluded that
the paradigmatic model of the research, consisting of 13 elements (4 dimensions and 9 components), is
validated. To measure the level of variables and examine internal factors, a t-test was used, and the results
showed that the mean values of all variables were above the test value (test value = 4). In alignment with
this study, in the quantitative phase of Shamiyan and Badeleh (2023) and Gashmardi and Asadollahi (2024),
a researcher-developed questionnaire based on interviews was employed, and structural equation modeling
was used to validate the model, thereby confirming the proposed model.

Conclusions

Ultimately, the most significant achievements of this study involve understanding the roles that the
integration of educational technologies with the inquiry-based method can play in the teaching of sciences.
The inquiry-based method with technology demonstrates considerable potential, such as the availability of
resources and the teacher's readiness to maximize its effectiveness in teaching sciences. However, the most
influential variable in the teaching-learning process is the teacher. Technologies are only as powerful as the
way they are used, and it is the teacher who drives the learning process in the classroom by selecting the
most effective method. Based on the results obtained, the use of this model is recommended to enhance the
quality of teaching and learning in science education. However, comprehensive planning for the
professional development of teachers, both pre-service (while studying at teacher training universities such
as the University of Farhangian and the Shahid Rajaee University) and in-service (through short-term
training courses, workshops, and seminars), can contribute significantly to achieving an effective teaching
and learning process in sciences. Furthermore, the development of hardware and software infrastructure to
support teachers’ tireless efforts in training future generations for the Islamic Republic of Iran is
emphasized. In addition, the researchers suggest that the incorporation of modern technologies (especially
artificial intelligence) into studies can significantly contribute to further research in this field.
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