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ABSTRACT

Although subject curricula that promote the development of scientific literacy have been present in Croatian
education for five years, the results of external evaluations indicate insufficient development of this literacy
among pupils. This highlights the relevance of researching this topic, and the aim of this study is to determine
how much scientific literacy is developed during the teaching of Biology to 8th-grade pupils. For the purposes of
the research, the original teaching observation form (OZON form) was analyzed and modified, and video
recordings of lessons taught by seven teachers who teach Biology in the 8th grade were analyzed using this form.
The results of the video analysis indicate an insufficient presence of activities and stimuli that promote the
development of scientific literacy. Since scientific literacy is a complex construct that encompasses various
knowledge and skills, teaching for its development requires diverse stimuli to actively engage pupils, from
involving them in inquiry and reasoning to self-assessment. Therefore, the original form, with the proposed
modifications, is a valuable tool for the (self-)evaluation of teaching aimed at promoting pupils' scientific literacy
and for guiding teachers' professional development.
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INTRODUCTION

Scientific literacy has long been subject to various conceptual considerations arising from scientific,
technological, social, and political changes that have characterized modern society (Costa et al., 2021).
According to Hurd (1998), Costa et al. (2021), and the relevant Biology curriculum (MZO, 2019),
scientific literacy encompasses research skills and learning through imitation of scientific methodology,
as well as an understanding of the interrelationship between science and society. This literacy develops
through the teaching of Biology and other subjects in the natural sciences.

A method that literature suggests is suitable for the development of scientific literacy is research-based
learning (Heppt et al.,, 2023; Oktaviani & Faizah, 2024), which follows steps similar to scientific
methodology, from formulating hypotheses to testing those hypotheses and drawing conclusions
based on results (Heppt et al., 2023).

Scientific literacy is assessed through the PISA assessments (Programme for International Student
Assessment). PISA tasks evaluate how successfully pupils can apply knowledge and skills in new and
unfamiliar situations (Bras Roth et al., 2017). Croatian pupils generally achieve lower results than the
OECD average in all cycles of research since their participation began (NCVVO, 2023), even in the latest
cycle when curricula aimed at developing scientific literacy have already been implemented. A
probable cause is that teachers poorly recognize and/or apply activities that promote the development
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of scientific literacy, or they less frequently provide pupils with incentives achievable in every lesson
that are crucial for its development.

Therefore, the aim of this paper is to determine how much scientific literacy develops during Biology
teaching for 8th-grade pupils. To achieve this goal, the original OZON observation form was analyzed
and modified, and video recordings of Biology lessons were analyzed using this form. Additionally, this
paper aims to discuss the relevance of the OZON protocol in observing teaching that promotes the
development of scientific literacy, to highlight aspects for improving teaching that fosters pupils'
scientific literacy, and to propose a tool for (self-)evaluation of teaching that develops scientific
literacy.

METHOD

The research involved seven teachers who teach Biology to 8th-grade pupils. During the study, video
recordings of their lessons were analyzed, totaling seven hours of Biology instruction (one lesson from
each teacher). For the purposes of the research, the original lesson observation form (OZON form,
originally adapted from Bezinovic et al., 2012) was first analyzed and modified, after which the video
recordings of the Biology lessons were assessed according to the modified OZON form.

The analysis of the OZON form included identifying features that explicitly contribute to the
development of pupils' scientific literacy in Biology teaching. The modification of the form involved
adding features that, along with the existing ones, allow for the analysis of Biology instruction that
fosters scientific literacy. Each lesson was analyzed according to the modified OZON form by two
independent researchers and the teacher themselves. The reliability between the researchers and
between the researchers and the teacher was determined using Cohen's Kappa coefficient, which can
range from 0 (no agreement between raters) to 1 (excellent agreement between raters) (Landis &
Koch, 1977).

RESULTS

The feature "The teacher clearly states the objectives of the lesson (learning outcomes)" is poorly
represented in the lessons (absent in five teachers). This feature from the original OZON form is
marked as one that explicitly develops scientific literacy. The feature "Pupils freely express their ideas,
ask questions, or seek clarification" is fully present in the lessons of two teachers. However, the
encouragement for pupils to recognize/formulate research questions, to express their own hypotheses
about the results of experiments, and to draw conclusions independently based on experiments is
completely absent among all analyzed teachers, according to both subjective and objective
assessments.

The encouragement for verbalizing observed processes, phenomena, and cause-and-effect
relationships is not fully represented in any teacher's lessons, and only partially in four of them. These
features were also added to the original OZON form. All features related to teaching metacognitive
skills and learning strategies in the original OZON form (as shown in Table 1 of the study) are marked
as those that explicitly develop scientific literacy. Among these, the least represented (absent or
insufficiently present in the majority of teachers) is direct instruction to pupils on how to approach
learning, solving specific tasks, or practicing; encouragement for monitoring and checking their own
work; encouragement for self-assessment and progress evaluation; urging pupils to express their
personal opinions and critically reflect on the content being learned; assigning tasks that allow the
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application of knowledge or skills to everyday situations; encouragement for independent note-taking
and organizing learned content; and connecting content from different subjects.

One aspect that no teacher requires from pupils is to describe and explain the steps they use in working
on a task. Among all the features related to feedback and formative assessment of learning (which are
also marked as those that explicitly develop scientific literacy, as shown in Table 1 of the study), the
least represented (absent or insufficiently present in the majority of teachers) is providing concrete
feedback to pupils about their work and highlighting pupils' progress and success in learning.
Furthermore, the explanation of assessment criteria and pupils’ achievements using specific examples
was absent in all analyzed teachers’ lessons.

DISCUSSION, CONCLUSIONS AND DIDACTIC SIGNIFICANCE

This research was conducted with the intention of providing a way to (self)assess the development of
scientific literacy through Biology teaching. Given that this literacy is a complex construct, the study
examines the modified OZON protocol, which allows for comprehensive monitoring of teaching,
including classroom atmosphere, lesson structure, active pupil engagement, and self-assessment,
along with related metacognition. The protocol was supplemented with prompts that characterize
inquiry-based learning.

The analysis of video recordings of Biology lessons according to the modified OZON form revealed a
weak development of scientific literacy through Biology teaching. This result aligns with the PISA
findings, which show that Croatian pupils generally achieve lower results than the OECD average. In
the most recent assessment in 2022, a noticeable decline was observed at both testing levels, with the
average score of our pupils being 483 points, compared to the OECD average of 485 points (NCVVO,
2023).

In 2022, a curricular approach was introduced into Croatian education, marking the fourth year of
implementing subject-specific and interdisciplinary curricula aimed at developing scientific literacy.
Such results indicate that the curriculum alone is not sufficient for fostering scientific literacy among
pupils; rather, a change in teachers' awareness is needed (Labak, 2022), which can drive changes in
teaching practices aligned with the curriculum. Changes in awareness are linked to professional
development, which should be viewed from two aspects: i) the effectiveness of organized professional
gatherings and ii) teachers' readiness to embrace changes and adapt their usual teaching practices
accordingly.

The effectiveness of professional development programs depends on various factors, such as teachers'
working conditions, available teaching materials, school administration support, and informal learning
processes among teachers (Asterhan & Lefstein, 2024). Desimone (2023) emphasizes that professional
development programs should help teachers become experts in recognizing the needs of each pupil.
Labak (2020) highlights that teachers need to identify their own improvement needs based on the
analysis of their teaching. The practice of self-reflection and targeted professional development can
influence teachers' readiness to accept changes and consequently modify their usual teaching
practices.

This research has established that scientific literacy develops poorly among 8th-grade pupils during
Biology teaching. Given the variety of teaching characteristics monitored by the OZON form, scientific
literacy, as a complex construct, can be tracked with minor modifications. The weak representation of
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certain characteristics indicates the necessity for further research of this nature, which would guide
the professional development of teachers in the area of developing scientific literacy within their
teaching practice.

The curriculum alone is not sufficient for effective scientific literacy development; teachers need to
identify their own improvement needs to enhance teaching practices that foster pupils' scientific
literacy. The proposed modified OZON form for monitoring the development of pupils' scientific
literacy serves as a tool that enables a proactive approach to professional development as a self-
directed process.
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