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Received: 3 Nov 2025 The effective implementation of the next generation science standards (NGSS) practices is widely

Accepted: 18 May 2026 recognized as central to promoting scientific literacy and early development of critical thinking
skillsin primary education. Grounded in constructivist learning theory and inquiry-based science
education, this study addressed the limited empirical understanding of how teachers in non-
NGSS contexts interpret and report their engagement with science and engineering practices
(SEPs). The study employed a qualitative research design, using semi-structured interviews to
examine teachers' self-reported perceptions of the frequency, nature, and challenges associated
with implementing the eight NGSS-aligned SEPs. The sample comprised 12 primary science
teachers teaching grade 4-grade 6 in Omani schools. Data were analyzed thematically to identify
patterns in teachers’ reported practices and perceived constraints. The findings indicated that
practices such as planning and carrying out investigations and analyzing and interpreting data were
reported as more frequently enacted, reflecting alignment with inquiry-based instructional
approaches. In contrast, practices including asking questions, developing and using models, and
engaging in argument from evidence were reported less consistently. Teachers identified limited
resources, time constraints, and variability in students’ abilities as key challenges influencing
their engagement with NGSS practices. Overall, the study provides insight into teachers’
professional reasoning and perceived enactment of NGSS-aligned practices within a centralized
and examination-driven educational context. The findings underscore the need for targeted
professional development, structured instructional frameworks such as claim-evidence-
reasoning, and improved resource support to strengthen the implementation of epistemically
demanding NGSS practices in primary science classrooms.
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INTRODUCTION

Since its introduction in 2013, the next generation science standards (NGSS) framework has served as a
major catalyst for reforming science education, particularly in the USA, by promoting a shift from teacher-
centered, knowledge-transmission models toward student-centered, knowledge-generating learning
environments (NGSS Lead States, 2013). Grounded in constructivist learning theory, NGSS conceptualizes
science learning through three integrated dimensions, one of which is science and engineering practices
(SEPs). These practices are designed to foster scientific reasoning, creativity, and scientific literacy by engaging
students in authentic inquiry and problem-solving processes (Chen & Terada, 2021). The eight SEPs include:
asking questions and defining problems, developing and using models, planning and carrying out
investigations, analyzing and interpreting data, using mathematics and computational thinking, constructing
explanations and designing solutions, and engaging in argument from evidence, as well as obtaining,
evaluating, and communicating information (NGSS Lead States, 2013). Collectively, these practices emphasize
learning science as an epistemic activity rather than a procedural one (Miller et al., 2018).

Internationally, similar reform orientations are evident in large-scale assessment frameworks that
increasingly prioritize scientific reasoning and inquiry competencies (OECD, 2019). The program for
international student assessment (PISA) 2018 science framework defines scientific literacy as the ability to
engage with science-related issues and ideas as a reflective citizen, emphasizing three core competencies:
explaining phenomena scientifically, evaluating and designing scientific inquiry, and interpreting data and
evidence scientifically (OECD, 2019). These competencies require the integration of content, procedural, and
epistemic knowledge, aligning closely with the epistemic orientation embedded in NGSS. Results from PISA
2018 and PISA 2022 indicate that many education systems continue to experience challenges in students’
scientific reasoning and their ability to apply knowledge to unfamiliar contexts. For example, the OECD (2019)
reported that only a small proportion of students across participating education systems reached the highest
proficiency levels in scientific literacy (level 5 and level 6), reflecting advanced reasoning and evaluation skills,
while a considerably larger share performed at or near baseline proficiency levels. Similarly, early analyzes of
PISA 2022 results highlight persistent gaps in students’ capacity to interpret data, evaluate evidence, and
transfer scientific understanding to real-world situations (OECD, 2023). These findings underscore an ongoing
international challenge in translating inquiry-oriented frameworks into classroom practice (Mullis et al., 2021;
OECD, 2019, 2023).

A substantial body of international research has shown that the successful enactment of inquiry-oriented
and practice-based frameworks depends heavily on teachers’ epistemic understanding and instructional
decision-making (e.g., Berland et al., 2016; Park et al., 2022; Sukor et al., 2021). Teachers play a central role in
shaping learning environments that support student engagement with scientific practices, including
modeling, argumentation, and evidence-based reasoning (Osborne, 2014). However, studies across diverse
contexts have documented persistent tensions between reform-oriented expectations and classroom
realities. Teachers often employ SEPs in superficial or fragmented ways, for example, using investigations as
confirmatory activities or treating practices as add-ons rather than as central drivers of learning (Sandoval et
al., 2016; Windschitl et al., 2021). Such limited enactment constrains opportunities for students to develop
deeper epistemic understanding of science.

Recent international studies further highlight structural and professional barriers that complicate the
implementation of NGSS-aligned practices. These include limited access to sustained professional
development, curriculum pacing pressures, assessment-driven accountability systems, and variability in
teachers' professional preparation and epistemic orientations (Haverly et al., 2022; Suh et al., 2022).
Importantly, these challenges are not confined to the U.S. context but have been reported in systems
attempting to adapt inquiry-based reforms within centralized or examination-oriented curricula (Shahat et
al., 2026).

Within this broader international landscape, Oman provides a relevant comparative case. Omani students
have participated regularly in international large-scale assessments such as TIMSS. Results from TIMSS 2019
indicate that Omani students performed below the international benchmark in science achievement,
particularly on items requiring reasoning, interpretation of evidence, and application of scientific concepts.
TIMSS 2019 results show that Omani grade 8 students achieved an average science score of approximately
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457, compared with the international CenterPoint of 500, placing Oman below the TIMSS international mean
(Mullis et al., 2020). These outcomes underscore the need to examine classroom practices that support
scientific literacy and inquiry-based learning. While NGSS is not formally adopted in Oman, the national
science curriculum and the widely implemented Cambridge curriculum emphasize competencies such as
critical thinking, inquiry, and problem-solving, competencies that conceptually align with NGSS SEPs (Al-Hinai
et al., 2026).

In this study, NGSS is therefore used not as a prescriptive reform model but as an analytical and
comparative framework for examining how internationally endorsed science practices are understood and
interpreted within a non-U.S., centralized educational system. Employing NGSS in this way enables systematic
analysis of teachers’ reported instructional practices while contributing to international discussions on the
transferability and contextualization of global reform frameworks.

Research Problem and Research Questions

International large-scale assessments such as the PISA and the TIMSS consistently document substantial
variation in students’ science achievement and scientific reasoning across participating education systems
(Mullis et al., 2020; OECD, 2019). These patterns have intensified global attention on instructional frameworks
that integrate scientific knowledge with inquiry-oriented practices. Introduced in 2013, the NGSS respond to
this need by foregrounding SEPs as core mechanisms for developing scientific literacy, critical thinking, and
problem-solving skills through inquiry-based and constructivist learning approaches (NGSS Lead States,
2013).

Despite the conceptual strength of the NGSS framework, international research indicates persistent
challenges in translating SEPs into classroom practice, particularly in primary science education (Haverly et
al., 2022). Studies across diverse contexts report that teachers often experience difficulty enacting
epistemically demanding practices, such as modeling and argumentation, due to limited understanding of
SEPs, misalignment between teachers’ epistemic orientations and reform principles, and insufficient access
to sustained, practice-focused professional development (Cherbow et al., 2020; Sandoval et al., 2016; Suh et
al., 2022). Moreover, the role of teacher characteristics, including professional background, pedagogical
expertise, and career pathways, in shaping the uptake of NGSS-aligned practices remains underexplored,
particularly at the primary level.

Grounded in constructivist learning theory, which emphasizes learners’ active construction of knowledge
through meaningful engagement with ideas and practices (Jonassen, 1991), this study addresses a critical gap
in the literature concerning how teachers make sense of and interpret NGSS-aligned practices within their
instructional contexts. Specifically, the core research problem concerns the limited empirical understanding
of how primary science teachers in non-NGSS-adopting systems conceptualize and report their engagement
with SEP, and how contextual constraints shape these interpretations.

Within this broader international landscape, Oman serves as a relevant comparative context. Although
NGSS is not formally adopted in the Omani education system, the national science curriculum and the widely
implemented Cambridge curriculum emphasize inquiry, critical thinking, and problem-solving, competencies
that conceptually align with NGSS SEPs. However, little empirical evidence exists regarding how teachers in
such contexts understand and describe their engagement with these practices. Consequently, this study
focuses on teachers’ self-reported perceptions and interpretations of SEP-aligned practices, recognizing that
such accounts reflect experiential and epistemic understandings rather than direct measures of classroom
enactment or instructional quality (Chen & Terada, 2021; Park et al., 2022; Sandoval et al., 2016).

Guided by this research problem, the study addresses the following research questions (RQs):

1. RQ1. How do primary science teachers in Oman conceptualize NGSS-aligned SEPs in their instructional
approaches?

2. RQ2. How do these teachers self-report their strategies and perceived opportunities for enacting
NGSS-aligned SEPs in primary science classrooms?

3. RQ3. What challenges do primary science teachers in Oman identify when attempting to integrate
inquiry-based and SEP-aligned practices within their classroom realities?

European Journal of Science and Mathematics Education, 14(3), 449-470 451



Shahat et al.

THEORETICAL BACKGROUND

Through the NGSS and the OECD (2019) program for PISA framework, efforts have been made since 2013
to improve science education methods both domestically and abroad. Since its publication in 2013, the NGSS
has served as the impetus for reforming scientific education in the USA. With an emphasis on student-
centered science teaching practices in a knowledge-generating learning environment, the NGSS framework
updated and repackaged the prior inquiry-based science standards (Nollmeyer & Bangert, 2017). SEPs, which
equates to the knowledge and skills scientists and engineers need to study, design and create, are the focus
of the NGSS framework (NGSS Lead States, 2013). The SEPs developed in the NGSS framework are

(1) asking questions (science) and defining problems (engineering),

(2) developing and using models,

(3) planning and carrying out investigations,

(4) analyzing and interpreting data,

(5) using mathematics and computational thinking,
(6) constructing scientific explanations,

(7) designing solutions (engineering), and

(8) engaging in argument from evidence, and obtaining, evaluating, and communicating information
(NGSS Lead States, 2013).

The NGSS framework deemphasizes the need for students to know all the scientific facts associated with
each field and focused on knowledge generation and SEPs (NGSS Lead States, 2013). When teachers design a
learning environment that encourages information generation rather than simple transfer and allows
students to build their own learning, they are applying the theory of constructivist learning. Constructivism,
according to Jonassen (1991), encourages people to make meaning of observations, experiences, and events
to construct ideas by interpreting reality and knowledge through living experiences, past events, beliefs, and
mental processes.

The PISA 2018 science framework also focused on scientific literacy as the leading construct to inform
science education in many contexts. PISA 2018 outlined three competencies for scientific literacy: explaining
phenomena scientifically, evaluating and designing scientific inquiry, and interpreting data and evidence
scientifically (OECD, 2019). To achieve these three scientific literacy competencies, PISA 2018 recommended
that students acquire content knowledge about science and technology, procedural knowledge about various
scientific methods and practices, epistemic knowledge about the terminology used in scientific practices, and
the rationale behind scientific procedures and science inquiry.

Science Teachers’ Epistemic Understanding of SEPs

Osborne (2014) asserts that to assist students in comprehending the epistemic foundations of science, the
science and engineering procedures described in the NGSS framework are necessary. According to Osborne,
for students to maximally gain from the incorporation of SEPs, teachers should have the following questions
in mind when engaging in any science related activities in the class:

(a) is there a more efficient way to develop such knowledge?
(b) does it give a more realistic view of the endeavor that is science? and

(c) does it help students gain a deeper and wider understanding of what we know, how we know, and the
epistemic and procedural constructs that guide the practice of science?

It is argued that much can be learned about current approaches to the use of SEPs in classrooms by
assessing

(a) science teachers' objectives for teaching science,
(b) their comprehension of the NGSS-aligned practices, and
(c) the opportunities they give their students to interact with these practices (Sandoval et al., 2016).

Sandoval et al. (2016) discovered that most teachers' instructional objectives for having students
participate in classroom activities were to learn the scientific method, reinforce concepts learned during direct
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instruction, engage with topics as an introductory activity, and assess students’ comprehension of a concept
at the conclusion of the topic. According to Sandoval et al. (2016), only a small percentage of teachers'
objectives were centered on creating true knowledge or using science and engineering techniques; the
activities used in class were summed up as mostly practical work aimed at discovering or acquiring topics.
Sandoval et al. (2016) argue that for students to effectively grasp scientific concepts, they need to be more
involved in science and engineering processes as stipulated by the NGSS. Thus, they argue that instructors
need to better understand the NGSS SEPs and the positive effect they can have on student engagement and
the learning process.

Beyond foundational accounts of SEPs, recent scholarship continues to debate whether teachers’
enactments of practices function as procedural routines or as epistemic tools for knowledge-building. For
instance, Gutierez (2024) documents misalignments between professed beliefs and enacted dialogic
argumentation, underscoring the challenge of translating epistemic aims into classroom discourse. In a
related vein, Choi et al. (2021) show that teachers’ views of argument in scientific inquiry shape how they
design and value argument-based instruction. Earlier comparative work also indicates that teachers’ epistemic
orientations vary across school contexts, with implications for equitable access to authentic scientific practices
(Katsh-Singer et al., 2016). Despite extensive debate in Western contexts, little is known about how teachers
in non-Western systems—such as Oman—conceptualize and implement epistemic practices embedded in
NGSS. The present study addresses this gap by examining how upper primary science teachers describe the
frequency, depth, and challenges of enacting SEPs, with particular attention to practices that signal epistemic
work (e.g., modelling, explanation, and argument from evidence).

In addition to understanding scientific and engineering practices, teachers’ epistemic beliefs and
professional orientations play a crucial role in shaping how they interpret and enact inquiry-based
pedagogies. Teacher belief systems influence their willingness to shift from teacher-centered instruction to
student-centered learning environments where students construct and defend scientific ideas (Katsh-Singer
et al., 2016; Park et al., 2022). Research indicates that when teachers view science as knowledge to be
transmitted, instructional practices tend to emphasize recall and procedural activities. Conversely, teachers
who see science as a process of knowledge construction are more likely to integrate questioning,
argumentation, and modeling into their lessons (Choi et al., 2021; Gutierez, 2024). Therefore, examining
classroom practices through the NGSS lens requires an understanding of teachers’ epistemic orientations, as
these beliefs fundamentally shape the nature and depth of SEP implementation.

NGSS and Primary Science Education

Primary education is a critical entry point for developing students’ scientific literacy, as early experiences
with science strongly influence their long-term achievement and attitudes toward the subject (Appleton, 2007;
Eshach & Fried, 2005). The NGSS framework emphasizes that SEPs are not limited to secondary or advanced
levels but can be adapted for developmentally appropriate experiences in the primary years (NGSS Lead
States, 2013). Practices such as asking questions, developing simple models, and engaging in hands-on
investigations help young learners connect everyday experiences with scientific reasoning. These experiences
are vital for building the epistemic foundations of science—understanding not only what we know but also
how we come to know it (Bybee, 2014; Osborne, 2014).

This study focuses specifically on upper primary classrooms (grade 4-grade 6, ages 8-11), which serve as a
critical transitional stage. At this point, the foundational skills cultivated in early childhood—curiosity,
questioning, and exploration—are consolidated and expanded through more structured engagement with
NGSS-aligned practices. Investigating how Omani teachers implement these practices in grade 4-grade 6
therefore provides valuable insights into how early competencies can be sustained and developed. It also
allows for benchmarking local practices against internationally recognized frameworks, contributing both to
national reform efforts and to the broader literature on adapting NGSS principles in non-U.S. contexts.

Measuring the Use of SEPs by Omani Teachers

Extensive research has been conducted into the impact of NGSS science practices and knowledge-
generating teaching strategies on student learning. Chen and Terada (2021) designed a protocol called IONIC,
which stands for interactive-constructive-active-passive (ICAP) to measure by observation NGSS-aligned SEPs
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in the classroom and was created to measure student behavior during the three phases of the learning
process. Teachers found it challenging (and overwhelming for those new to the NGSS) to think about eight
distinct practices according to McNeill et al. (2015), who first proposed grouping the eight scientific and
engineering practices into three distinct categories - sense-making, investigating, and critiquing. Chen and
Terada (2021) applied the IONIC protocol to measure the impact of teacher PD on student engagement in the
three categories of SEPs during learning. Student engagements were rated as passive (receiving information),
active (manipulating information and data), constructive (knowledge generating), and interactive (dialoguing
to generate knowledge) for each observed learning activity. The Cronbach’s alpha for the three phases ranged
from 0.91 to 0.98, indicating that the three-phase model was able to measure the underlying factors
consistently with an excellent (0.9 or higher) internal consistency factor. Chen and Terada (2021) found that
teachers with less than three years of NGSS professional development struggled most with engaging students
in phase 3, particularly in practices 5, 7, and 8, with practice 8 showing the lowest engagement. This indicates
challenges in understanding and teaching these practices effectively. Chen and Terada (2021) concluded that
consistent engagement in continuing professional development focused on the NGSS SEPs has potential to
change teachers' epistemic orientation toward knowledge-generating learning environments and teaching
approaches.

Teachers now bring a variety of educational and professional backgrounds to the classroom because of
the worldwide teacher shortage (Park et al., 2022). Teachers with a range of experiences, epistemic
orientations, and beliefs about teaching and how students learn have entered the profession because of the
availability of multiple career entry pathway alternatives (e.g., emergency certification routes) that have
emerged in light of the global teacher shortage (Windschitl et al., 2021). Variations in teacher preparation
programs are significant, for instance, research driven teacher preparation programs may introduce SEPs
very early on, but second-career teacher preparation programs might not introduce NGSS practices until the
teacher is already teaching in the classroom. Also, some ‘traditional’ science teacher education programs can
be actually based on NGSS SEPs (Windschitl et al., 2021). Thus, it is crucial to comprehend how these different
career paths impact the application of NGSS-aligned science and engineering techniques.

METHOD

Participants

The study involved 12 science teachers teaching grade 4-grade 6 within the basic education system in the
Oman. Although the term primary education is not formally used in the Omani system, it is employed in this
study for clarity and international readability, as grade 4-grade 6 correspond to the upper primary and lower
middle years in many international education systems. In Oman, these grades span the transition between
cycle one (grade 1-grade 4) and cycle two (grade 5-grade 10) of basic education. All participating teachers were
employed in public schools implementing the Cambridge curriculum. A purposive sampling strategy was
employed to recruit teachers with relevant experience in inquiry-oriented instruction, rather than to achieve
statistical representativeness. This approach ensured that participants were able to meaningfully reflect on
their pedagogical reasoning and perceived enactment of NGSS-aligned practices (Creswell & Poth, 2018). The
sample included two grade 4 teachers, five grade 5 teachers, and five grade 6 teachers, all with a minimum of
three years of teaching experience and demonstrated familiarity with inquiry-based methods.

In line with qualitative research principles, the intent of the sampling design was to generate rich,
contextually grounded insights rather than nationally generalizable claims. Purposive selection allowed for
variation in instructional experiences and grade-level contexts, supporting an in-depth exploration of
teachers’ conceptualizations and self-reported strategies related to NGSS practices (Sandoval et al., 2016).
While the findings are not positioned as representative of all Omani teachers, capturing perspectives across
grade levels provides valuable exploratory evidence regarding contextual factors influencing early-stage
uptake of inquiry-driven science practices within the local educational system (Chen & Terada, 2021; Haverly
etal., 2022).
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Research Instruments

The study employed individual semi-structured interviews (see Appendix A, adapted from Chen & Terada,
2021, and used with the authors’ permission) to examine teachers’ self-reported strategies for engaging with
NGSS-aligned practices, the challenges they encountered, and their professional reasoning related to inquiry-
oriented instruction. The interview protocol was explicitly structured around the eight NGSS SEPs:

(1) asking questions,

(2) developing and using models,

(3) planning and carrying out investigations,

(4) analyzing and interpreting data,

(5) using mathematics and computational thinking,

(6) constructing explanations,

(7) engaging in argument from evidence, and

(8) obtaining, evaluating, and communicating information (Chen & Terada, 2021).

For each NGSS practice, a set of three to four core questions was prepared and used as guiding prompts
during the interview. These questions were designed to elicit teachers' descriptions of instructional strategies,
examples of classroom practice, perceptions of student engagement, and perceived challenges associated
with each practice. In total, the NGSS-focused section of the interview protocol included approximately 28-30
practice-specific questions, in addition to introductory and concluding questions related to teaching context
and overall instructional reflections (Creswell & Poth, 2018).

The interview protocol followed a semi-structured, key-event-oriented approach, whereby questions were
anchored, when possible, to specific instructional episodes observed during the lesson. While the number of
prepared questions per NGSS practice was consistent across interviews, the flexible nature of the protocol
allowed the interviewer to probe selectively based on the relevance and salience of each practice within a
given teacher's lesson. Consequently, not all questions were asked verbatim in every interview; rather,
questioning depth varied to avoid redundancy and to ensure analytic focus on practices that were
meaningfully referenced or observable in teachers’ instructional narratives (Creswell & Poth, 2018).

Each interview lasted approximately 30-40 minutes and was conducted in person and audio-recorded with
participants’ consent. All recordings were transcribed verbatim. The semi-structured format allowed
participants to elaborate on their instructional reasoning and experiences, resulting in context-rich and
detailed accounts. Open-ended prompts, such as “How do you engage students in [specific NGSS practice]
during your lessons?” and “What challenges do you encounter when attempting to apply this practice?”,
encouraged reflective responses and illustrative examples. The interview protocol consisted of three
integrated sections. First, four background questions were used to document participants’ teaching
experience, subject specialization, and professional preparation. Second, three general inquiry-oriented
questions explored teachers’ overall instructional approaches and their integration of inquiry-based teaching
within the observed lesson. Third, the NGSS-focused section included practice-specific clusters of questions
aligned with the eight SEPs. For most practices, four guiding questions were prepared using a key event recall
structure to prompt teachers to reflect on concrete instructional episodes; constructing explanations included
only three core questions, resulting in a total of 31 NGSS-related prompts across the eight practices. These
questions explored teachers' reported strategies, examples of classroom implementation, perceived
challenges, and instructional decision-making processes. Not all prompts were asked for verbatim or in
sequence; instead, the interviewer used them flexibly to sustain a conversational flow while ensuring that
each SEP domain was addressed when relevant to the participant’s lesson context. This approach aligns with
established qualitative research conventions for eliciting professional reasoning and experiential insight
(Berland et al., 2016).

Consistent with the purpose of the study, interview responses are interpreted as reflective and perceptual
accounts rather than as evidence of verified classroom enactment. Accordingly, the findings represent
teachers' reported understandings, professional reasoning, and perceived instructional decisions related to
NGSS-aligned practices, rather than direct measures of instructional fidelity or quality.
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To establish the credibility and adequacy of the adapted interview instrument, multiple validation
procedures were employed. Content validity was examined by three experts in science education and NGSS-
oriented pedagogy. Item-level content validity index (I-CVI) values ranged from 0.83 to 1.00, and the scale-
level CVI (S-CVI/Ave) reached 0.92, exceeding the recommended threshold of 0.80 (Creswell & Poth, 2018). A
pilot administration with two teachers outside the study sample confirmed the clarity and relevance of the
interview questions, resulting in minor linguistic refinements.

Analytical reliability was supported through inter-coder agreement procedures. Twenty percent of the
transcripts were independently coded by two trained qualitative researchers, yielding a Cohen’s (1960) kappa
value of 0.87, which indicates substantial agreement (Miles & Huberman, 1994). An audit trail and iterative
code-refinement discussions were maintained to enhance dependability (Lincoln et al., 1985). In addition,
member checking was conducted with all participants, who confirmed the accuracy of their interview
summaries, thereby strengthening credibility (Birt et al., 2016). Peer debriefing sessions were held during the
analysis phase to further support interpretive rigor.

Research Design

The study adopted a qualitative research design (Creswell & Poth, 2018) to examine how Omani primary
science teachers conceptualize and self-report their engagement with NGSS-aligned SEPs. This design was
selected to foreground teachers' professional reasoning, epistemic orientations, and perceived instructional
enactment within an inquiry-oriented framework (Chen & Terada, 2021).

Data were collected during the second semester of the 2024-2025 academic year. Semi-structured
interviews were conducted in person at participating schools, following approval from relevant educational
authorities and informed consent from all participants. The first author served as the principal investigator
and was responsible for recruiting participants and overseeing the overall data collection process. This close
involvement enabled the researcher to establish rapport with participants and to probe more deeply into
teachers' instructional reasoning and reported practices. The co-authors contributed to the study design,
conducting all interviews, refinement of the interview protocol, and provided methodological guidance
throughout the data collection phase, ensuring alignment with the study’s theoretical framework and RQs.

Given that NGSS has not been formally adopted in Oman and that teachers are neither trained nor
evaluated against NGSS implementation criteria, the study was not intended to assess instructional fidelity.
Instead, the research design emphasized teachers’ experiential interpretations of practice as articulated
through their narratives. While self-reported data may be influenced by personal interpretation or social
desirability, such accounts provide analytically valuable insight into how teachers make sense of inquiry-based
reform expectations. Future research may extend this work through triangulation using classroom
observations, instructional artefacts, and student work analysis (Wheeler et al., 2019).

Data analysis followed a thematic, deductive approach guided by the eight NGSS SEPs as an overarching
analytical framework. Rather than mapping responses directly onto interview questions or treating SEPs as a
checklist, the analysis focused on interpreting teachers’ narratives and instructional reasoning in relation to
inquiry-based science teaching (Berland et al., 2016; Creswell & Poth, 2018).

The analysis proceeded through four systematic stages to ensure methodological rigor and analytic
transparency. First, all interview recordings were transcribed verbatim by the research team and carefully
reviewed to preserve participants’ original language. Second, a deductive coding framework grounded in the
eight NGSS SEPs was applied. Within this framework, an initial set of analytic codes was developed to capture
three interrelated dimensions:

(a) teachers’ reported instructional actions (e.g., structured investigations, teacher-led questioning,
worksheet-based activities, guided explanation building, pre-made modeling, and limited argumentation),

(b) perceived contextual constraints (e.g., time pressure, resource limitations, and student readiness), and

(c) epistemic orientations reflected in teachers’ descriptions (e.g., procedural engagement, confirmation-
focused reasoning, and curriculum alignment).

Coding was conducted independently by two researchers, followed by collaborative discussions to resolve
discrepancies, refine code definitions, and ensure consistency in interpretation. Third, cross-case pattern
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analysis was conducted to identify recurring codes, variations in reported enactment across the 12
participants, and contextual influences shaping teachers’ interpretations of SEPs. Frequency references were
used descriptively to support analytic claims without transforming the qualitative analysis into quantitative
scoring. Finally, codes were iteratively clustered into higher-order thematic categories aligned with the three
RQs: teachers’ conceptualizations of SEPs (RQ1), their self-reported strategies and perceived opportunities
(RQ2), and the challenges they identified when attempting to integrate SEP-aligned practices (RQ3).
Throughout the analytic process, representative excerpts were selected to demonstrate how interpretations
were grounded in participants’ accounts rather than inferred classroom enactment, thereby strengthening
the transparency and credibility of the qualitative analysis

RESULTS

RQ1. How Do Primary Science Teachers in Oman Conceptualize NGSS-Aligned SEPs?

Analysis of the interview transcripts followed a practice-level coding process in which teachers’ responses
were first coded according to the eight NGSS-SEPs and then grouped into thematic categories reflecting
teachers’ conceptualizations, reported strategies, and perceived constraints. Across the dataset, teachers'
conceptualizations were predominantly procedural and activity-oriented rather than epistemic in nature.
Teachers tended to describe SEPs in terms of classroom tasks (e.g., experiments, worksheets, and structured
activities) rather than as processes of knowledge generation, justification, or critique.

Planning and carrying out investigations

All 12 teachers referred to investigations as a central feature of science teaching. Conceptually,
investigations were framed as structured activities embedded within textbook lessons rather than as student-
designed inquiries. Teachers frequently described modifying lessons to include “an activity” when none was
provided, indicating a procedural understanding of inquiry. Participant 6 noted, “If the lesson doesn't include
an investigation, | try to adjust it so students still do an activity.” Analytically, this category was coded as
structured procedural engagement, reflecting an emphasis on activity completion rather than epistemic
decision-making.

Analyzing and interpreting data

Ten teachers described supporting students in organizing data using tables or charts. Conceptualizations
of data analysis focused on identifying expected patterns and confirming results, typically through teacher-
guided discussion. Representative excerpt: “After students record the data, we discuss why the results might
be different between groups.” Coding indicated a category of teacher-guided sense-checking, suggesting that
data interpretation was viewed as verifying outcomes rather than evaluating uncertainty or competing
explanations.

Obtaining, evaluating, and communicating information

Nine teachers referred to communication practices, usually positioned at the end of an activity.
Communication was conceptualized primarily as reporting findings or summarizing results rather than
evaluating the quality of information or comparing claims. Representative excerpt: “Each group shares what
they found and explains their results to the class.” This theme was categorized as reporting-oriented
communication, indicating limited epistemic critique.

Asking questions

Eight teachers acknowledged questioning as an important element of instruction; however, questioning
was primarily conceptualized as a teacher-led scaffolding strategy. Student-generated questioning was rarely
described. Representative excerpt: “l usually ask the questions to guide them toward the concept.” Coding
reflected a theme of instructional guidance through questioning, rather than questioning as a student-driven
epistemic practice.
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Developing and using models

Only four teachers mentioned modeling practices, and conceptualizations were generally unclear. Models
were described mainly as diagrams or pre-constructed representations provided by the teacher. Statements
such as students “move toward designing their own models” were not accompanied by detailed examples of
construction, testing, or revision. Analytically, modeling was coded as representational support, indicating a
superficial conceptualization rather than modeling as a reasoning tool. Importantly, the analysis relies solely
on teachers' reported accounts and does not claim verified classroom enactment.

Engaging in argument from evidence

Three teachers referred to practices resembling argumentation. These were described as informal
discussions rather than structured activities involving claims, evidence, and reasoning. Representative
excerpt: “Sometimes students disagree, and we talk about which answer makes more sense.” This practice
was categorized under informal discussion rather than structured argumentation, reflecting limited epistemic
framing. Overall, RQ1 findings indicate that teachers’ conceptualizations of SEPs were largely aligned with
procedural classroom routines and curriculum structures, with less emphasis on epistemic agency or
knowledge construction.

RQ2. How Do Teachers Self-Report Their Strategies and Perceived Opportunities for
Enacting NGSS-Aligned SEPs?

Whereas RQ1 addressed conceptualizations, analysis of strategy-focused codes revealed that teachers
described implementation primarily through scaffolded and teacher-directed approaches designed to
manage time and curriculum demands.

Reported instructional strategies

Through interviews, teachers described several recurring strategies:
+ Using worksheets and guided experiments to structure investigations (reported by 12 teachers)
» Employing teacher-led questioning to support explanation building (reported by 10 teachers)

« Integrating basic mathematical reasoning, such as measurement and comparison, during
investigations (reported by 7 teachers)

Representative excerpt: “I guide them step by step so they can explain what happened.”
These responses were coded under structured scaffolding and teacher-mediated explanation, indicating that
teachers viewed scaffolding as essential for maintaining lesson flow and supporting student understanding.

Perceived opportunities

Teachers reported that SEPs were more feasible when:

« Activities were already embedded within the Cambridge curriculum (11 teachers)
» Resources or digital tools were readily available (8 teachers

« Student abilities aligned with task expectations (9 teachers)

Conversely, practices requiring extended dialogue or open-ended inquiry were perceived as more difficult
to sustain. Analytically, these responses formed a category of curriculum-aligned enactment, highlighting how
teachers’ perceived opportunities were shaped by structural conditions.

RQ3. What Challenges Do Teachers Identify When Attempting to Integrate Inquiry-Based
And SEP-Aligned Practices?

Three interconnected themes emerged consistently across participants.
Resource constraints

Ten teachers described limited access to laboratory materials, modeling tools, or technological resources.
Representative excerpt: “Not all schools have the tools needed for proper experiments.” These responses
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were coded as material constraints influencing practice selection, particularly affecting modeling and
extended investigations.

Time and curriculum pressures

All 12 teachers emphasized that dense curricula and limited instructional time restricted opportunities for
extended questioning or argumentation. Representative excerpt: “There isn't enough time to let students fully
explore or debate ideas.” This theme was categorized as curriculum pacing pressure, shaping teachers’
prioritization of content coverage.

Student readiness

Eight teachers expressed concerns about students’ language skills, reasoning abilities, or mathematical
readiness. Representative excerpt: “Some students struggle to explain their thinking, especially using data.”
These accounts were coded under perceived learner readiness, which teachers linked directly to their limited
use of modeling and argumentation practices.

Across the three RQs, analytic conclusions regarding underrepresented practices are grounded in the
relative absence of detailed conceptual or instructional descriptions within teachers’ narratives rather than
assumptions about classroom enactment. The findings, therefore reflect teachers' self-reported
conceptualizations, strategies, and perceived constraints within their specific instructional contexts.

DISCUSSION

The findings of this study illustrate how a small group of primary science teachers in Oman perceive and
interpret their engagement with NGSS-aligned practices within their specific instructional contexts. Rather
than providing evidence of classroom enactment or instructional quality, the results reflect teachers’ self-
reported understandings, professional reasoning, and perceived opportunities and constraints related to
inquiry-oriented science teaching. Accordingly, the discussion is framed as an interpretation of context-
specific teacher perspectives, situated within, but not generalized beyond, existing research on NGSS
implementation and science teaching practices (Bybee, 2014; Osborne, 2014; Stroupe, 2015). The
interpretations that follow are grounded in thematic categories derived from a deductive SEP-guided coding
framework applied to teachers’ narratives. Consistent with the structure of the results section, the discussion
is organized around three analytic dimensions: teachers’ conceptualizations of SEPs, their self-reported
instructional strategies and perceived opportunities, and the challenges they identified when attempting to
enact inquiry-oriented practices.

Frequently Reported Practices

Patterns identified through deductive SEP coding indicated that practices such as planning and carrying out
investigations, analyzing and interpreting data, and obtaining, evaluating, and communicating information were
reported more consistently by participating teachers. One plausible explanation for this pattern is the
structural alignment of these practices with existing curricula and instructional routines, particularly within
the Cambridge curriculum used in Omani schools. Prior research suggests that teachers are more likely to
enact science practices that can be embedded within familiar activity-based lessons and assessed through
conventional classroom structures (Cherbow et al., 2020; Sandoval et al., 2016).

Another explanatory factor relates to the procedural nature of these practices as commonly interpreted
by teachers. Investigations and data handling can be enacted through structured tasks that maintain teacher
control over lesson flow and outcomes, reducing instructional risk and classroom management challenges.
This finding aligns with research showing that teachers often adopt practices that emphasize activity
completion rather than epistemic sense-making, especially when instructional time and resources are
constrained (Berland et al., 2016; Miller et al., 2018).

From a cognitive engagement perspective, these practices may also be perceived as more feasible because
they align with active but not necessarily constructive or interactive forms of engagement (Chi, 2009; Chi &
Wylie, 2014). Teachers' descriptions suggest that while students were actively involved in tasks and
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discussions, opportunities for deeper epistemic interaction, such as generating explanations or evaluating
evidence, were more limited.

Moderately Reported Practices

Practices such as using mathematics and computational thinking and constructing explanations were reported
with moderate consistency. Teachers' accounts suggest that these practices were contingent on student
readiness and perceived ability, particularly in relation to mathematical reasoning, language proficiency, and
abstract thinking. Research on student engagement and learning has consistently shown that variability in
students' cognitive and self-regulatory capacities influences teachers’ instructional decisions and the level of
challenge they are willing to introduce (Fredricks et al., 2004; Guo et al., 2022; Zimmerman, 1990).

Teachers frequently described relying on scaffolding and guided questioning to support explanation-
building, which may reflect attempts to balance inquiry-oriented goals with curriculum pacing demands.
However, explanation construction requires students to engage in constructive and interactive cognitive
processes, which are more time-intensive and difficult to sustain under tight curricular constraints (Chi &
Wylie, 2014; Linnenbrink-Garcia et al., 2011). This may help explain why these practices were reported less
consistently and at variable depths.

Less Frequently Reported Practices

Practices requiring higher levels of epistemic agency, asking questions, developing and using models, and
engaging in argument from evidence, were reported least frequently. Several interrelated factors may account
for this pattern. Importantly, interpretations regarding the limited presence of modeling and argumentation
practices were derived from the absence of detailed, practice-specific descriptions in teachers’ narratives
rather than from observational evidence of classroom enactment; participants’ references to modeling were
typically general or aspirational and were not accompanied by concrete examples of students constructing,
revising, or using models during instruction. First, these practices demand a shift toward student-generated
inquiry, epistemic uncertainty, and evaluative discourse, which may conflict with teachers' established
instructional norms and assessment expectations. Previous studies have shown that teachers often struggle
to operationalize modeling and argumentation without explicit pedagogical frameworks and sustained
professional support (Berland et al., 2016; Choi et al., 2021; Jiménez-Aleixandre & Crujeiras, 2017).

Second, teachers' limited references to modeling and argumentation may reflect insufficient professional
development focused on epistemic practices, rather than a lack of awareness of their importance. Research
indicates that teachers’ epistemic orientations and understanding of scientific practices strongly influence
their classroom enactment (Park et al., 2022; Suh et al., 2022). When professional development emphasizes
procedural inquiry over epistemic reasoning, practices such as modeling and argumentation are less likely to
be enacted meaningfully (Kennedy, 2016; Yang et al., 2020).

Third, the limited reporting of these practices may be shaped by concerns related to classroom
management, time efficiency, and student engagement. Argumentation and student-generated questioning
introduce unpredictability and require extended discourse, which teachers may perceive as difficult to
manage within examination-driven and time-constrained contexts. Similar tensions have been documented
in studies examining teachers’ beliefs and practices related to argumentation across different educational
systems (Appiah-Odame & Frempong, 2025; Gutierez, 2024; Katsh-Singer et al., 2016).

Taken together, the findings suggest that, for this group of teachers, NGSS-aligned practices are perceived
as more accessible when they align with structured, curriculum-supported activities and less accessible when
they require sustained student agency, epistemic reasoning, and dialogic interaction. These patterns appear
to be shaped by a combination of curricular alignment, perceived instructional feasibility, student readiness,
and the nature of professional learning opportunities available to teachers.

Consistent with constructivist learning theory (Jonassen, 1991) and research on engagement and agency
(Eccles, 2016; Skinner & Belmont, 1993), the selective uptake of NGSS practices observed in this study reflects
teachers' efforts to negotiate inquiry-oriented reforms within local instructional realities. Given the qualitative
design and limited sample size, these interpretations should be understood as plausible explanatory accounts
grounded in teachers' perspectives, rather than definitive causal claims.
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Nevertheless, the findings contribute to international discussions on NGSS implementation by illustrating
how epistemically demanding practices, particularly modeling and argumentation, remain challenging to
enact in non-NGSS-adopting, examination-oriented systems. In doing so, the study highlights the importance
of professional development that explicitly targets epistemic practices and supports teachers in fostering
deeper forms of student engagement and reasoning (Abou-Assali, 2014; Kennedy, 2016; Park et al., 2022).

Challenges and Implications

The findings of this study illuminate how a group of primary science teachers in Oman perceive both
progress and persistent challenges in their engagement with NGSS-aligned practices. From the perspectives
of the participating teachers, practices such as planning and carrying out investigations, analyzing and
interpreting data, and obtaining, evaluating, and communicating information were described as more readily
integrated into classroom instruction, reflecting perceived alignment with inquiry-based approaches. In
contrast, teachers reported greater difficulty engaging consistently with epistemically demanding practices
such as asking questions, developing and using models, and engaging in argument from evidence. These
perceptions resonate with patterns reported in prior NGSS-related research (Bybee, 2014), though the
present findings should be understood as context-specific and limited to the accounts of the participating
teachers, rather than indicative of broader instructional trends.

Arecurring issue raised by teachers concerned perceived limitations in instructional resources, particularly
in schools with fewer laboratory facilities or limited access to technological tools. Teachers reported that the
absence of resources such as virtual labs, specialized equipment, and digital applications constrained their
ability to support inquiry-oriented activities as they envisioned them. Similar constraints have been noted in
previous studies (Appiah-Odame & Frempong, 2025; Chen & Terada, 2021; Sandoval et al., 2016); however, in
this study, these challenges are reported as teachers’ experiential interpretations of their instructional
contexts, rather than as objective indicators of resource provision across schools.

Teachers also highlighted variation in students’ readiness and skills, especially in relation to mathematical
reasoning, questioning, and articulation of scientific ideas, as a factor shaping their instructional decisions.
From teachers’' perspectives, such variability complicated efforts to engage all students in higher-order
practices and often led to increased reliance on scaffolding and teacher-directed support. While related
challenges have been discussed in the literature (Park et al., 2022), the present findings reflect teachers'
perceived constraints and adaptive responses within their classrooms, rather than measured differences in
students’ epistemic understanding.

Time constraints emerged as another salient theme in teachers’ accounts. Participants described
prioritizing curriculum coverage over extended engagement with practices such as modeling, questioning,
and argumentation, particularly when instructional time was limited. These perceptions align with earlier
research documenting tensions between curriculum demands and inquiry-oriented instruction (Appiah-
Odame & Frempong, 2025; Berland et al., 2016; Windschitl et al., 2021). Within the context of this study,
however, such constraints are interpreted as teachers’ reported experiences, underscoring how curricular
pacing and time pressures shape the feasibility of NGSS-aligned practices in everyday classroom settings.

Finally, teachers emphasized the need for instructional strategies that can accommodate diverse student
abilities, particularly in relation to reasoning and conceptual understanding. Participants described using
differentiated approaches, such as scaffolding, guided discussion, and peer-supported learning, to address
these differences. These accounts suggest that, from teachers’ perspectives, adapting instruction to students'
varying needs is essential for supporting engagement with inquiry-oriented practices, though the
effectiveness of such strategies was not examined directly in this study (Shahat & Al-Maamari, 2025).

Implications for Addressing Challenges

To address these challenges, professional development programs are critical for equipping teachers with
effective strategies to integrate NGSS practices. Based on teachers’ reported challenges and perceived needs
identified in the interview data, training in questioning techniques, iterative design processes, and
argumentation frameworks can enhance teacher confidence and effectiveness in fostering higher-order
thinking. Research supports the impact of professional learning opportunities that focus on these areas,
showing improved teacher performance and student engagement (Kennedy, 2016; McNeill et al., 2015;
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Schafer & Phillippi, 2025). For example, structured frameworks such as claim-evidence-reasoning (CER) can
guide teachers in implementing evidence-based argumentation, a core element of NGSS practices (Berland
et al., 2016).

Drawing on prior research, investments in technological resources, including virtual labs and simulation
software, can also bridge resource gaps and enable inquiry-based learning. These tools allow for interactive
and immersive experiences that engage students in scientific practices, as highlighted by Chen and Terada
(2021) and Chi and Wylie (2014). Additionally, revising curriculum structures to balance content delivery with
inquiry-based activities and extending instructional time for science lessons can create more opportunities
for student-centered learning. Fostering a culture of inquiry and collaboration within classrooms is also
essential, as it encourages students to actively engage with scientific phenomena and develop critical thinking
skills (Shahat et al., 2017).

In sum, addressing these systemic challenges through targeted interventions, resource investments, and
professional development is essential for advancing NGSS implementation in Omani classrooms. These
implications should be interpreted as indicative rather than prescriptive, reflecting teachers’ reported
experiences complemented by established research rather than causal claims derived solely from the present
dataset. Such efforts will not only enhance the quality of science education but also prepare students to meet
the demands of a scientifically complex and rapidly evolving world. Aligning with international best practices
will position Oman’s education system as a forward-thinking model for fostering inquiry, collaboration, and
critical engagement in science education (Bybee, 2014; NGSS Lead States, 2013).

Recommendations for Improvement

The actionable recommendations provided by teachers during interviews highlighted the need for
systemic changes to support NGSS implementation. Grounded in teachers’ reported insights, and extended
through alignment with the broader literature, this section outlines targeted improvements, professional
development, enhanced resources, structured instructional frameworks, and curriculum restructuring.

Teachers emphasized the need for professional development programs designed to provide focused
training on integrating NGSS practices, particularly in areas such as student questioning, argumentation, and
modelling. This recommendation emerges directly from teachers' accounts of uneven engagement with
epistemically demanding practices. These programs should include hands-on workshops and collaborative
learning experiences to enable teachers to effectively foster higher-order thinking and critical reasoning in
their classrooms. Additionally, training should emphasize the use of technology and innovative teaching
strategies to bridge gaps in existing practices (Kennedy, 2016; Park et al., 2022).

As prior research has revealed, investments in resources are equally critical. Upgrading laboratory
infrastructure and expanding access to virtual labs and technological tools will provide students with
immersive and inquiry-based learning opportunities. Ensuring that schools in under-resourced areas receive
equitable access to these tools is vital to creating a consistent educational standard across all institutions.
Enhanced resources can support hands-on experiments and computational thinking, which are essential
components of NGSS practices (Chen & Terada, 2021).

The implementation of structured instructional frameworks can significantly enhance student
engagement and understanding. For example, frameworks such as CER can guide students in constructing
evidence-based arguments, while templates for student questioning can encourage deeper inquiry and
exploration. Although these approaches are not directly evaluated in the present study, they are included as
literature-informed strategies that address challenges identified in the interview data. These structured
approaches provide both teachers and students with a clear roadmap for engaging with complex scientific
concepts, ultimately fostering critical thinking and problem-solving skills (Al-Hinai et al., 2026; McNeill et al.,
2015; Shahat & Al-Maamari, 2025; Shahat et al., 2026).

Time management and curriculum restructuring are crucial components of improvement. Revisiting
lesson structures to allocate more time for student-centered activities, such as investigations and modeling,
can provide the space needed for deeper engagement. This recommendation aligns with teachers’ reported
constraints related to pacing and content coverage, while also reflecting broader findings in NGSS
implementation research. Adjusting curriculum pacing to balance content delivery with skill development is
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critical for fostering inquiry-based learning. In addition, extending instructional time for science lessons where
feasible can further enhance opportunities for meaningful student participation and exploration (Sun et al.,
2022; Windschitl et al., 2021).

Taken together, these recommendations highlight the importance of systemic support at multiple levels,
teacher training, resource provision, instructional design, and curriculum restructuring, to strengthen NGSS
implementation in Omani classrooms. Collectively, they represent a synthesis of empirically grounded
insights from this study and theoretically informed guidance from the existing literature.

CONCLUSION AND LIMITATIONS

While the patterns identified in this study, particularly the limited engagement with modeling and
argumentation, are consistent with prior NGSS-related research conducted in other national contexts (e.g.,
Berland et al., 2016; Jiménez-Aleixandre & Crujeiras, 2017), the contribution of the present study lies primarily
in its contextual and comparative insights rather than in claims of instructional effectiveness or prevalence.
By examining NGSS-aligned practices within the Omani primary science context, the study extends
international understanding of how globally circulating reform frameworks are interpreted and
recontextualized within centralized curricula, examination-driven systems, and resource-variable school
environments. The findings illustrate how structural conditions, such as curriculum pacing, assessment
priorities, and material constraints shape teachers’ perceptions and selective uptake of NGSS practices in
ways that parallel, yet are not identical to, those reported in Western education systems. In this sense, the
study contributes to comparative science education scholarship by foregrounding context-specific mediating
factors that influence how inquiry-oriented reforms are understood and negotiated at the classroom level.

The findings further indicate that some NGSS-aligned practices are perceived by participating teachers as
more readily integrated into classroom instruction than others. Practices such as planning and carrying out
investigations, analyzing and interpreting data, and obtaining, evaluating, and communicating information were
reported as more frequently enacted, reflecting their perceived compatibility with existing curricular
structures and instructional routines. In contrast, asking questions, developing and using models, and engaging
in argument from evidence were described as less consistently enacted, suggesting areas where teachers
perceive greater pedagogical, epistemic, and structural challenges. Importantly, because of the wide variation
of these practices in terms of cognitive requirements and student engagement, these patterns should be
interpreted as teachers' reported experiences and sense-making rather than as indicators of actual classroom
enactment or comparative instructional quality.

Despite offering these insights, the study is subject to several important limitations that constrain the
interpretation and transferability of its findings. First, the study relies exclusively on teachers’ self-reported
perceptions and interpretations of their instructional practices. Consequently, references to engagement with
NGSS-aligned SEPs reflect perceived or reported enactment, not independently verified classroom behavior,
instructional quality, or depth of epistemic engagement. The absence of classroom observations, instructional
artefacts, or direct measures of student learning limits the extent to which conclusions can be drawn about
how NGSS practices are enacted in practice or how they influence student outcomes. As a result, the findings
should be understood as illuminating teachers’ professional reasoning, epistemic orientations, and perceived
instructional constraints, rather than as evaluative evidence of implementation fidelity.

Second, the study is based on a small, purposively selected sample of twelve teachers drawn from a limited
number of schools. While this sampling strategy is appropriate for in-depth qualitative inquiry, it restricts the
transferability of the findings beyond the participating teachers and contexts. The results should therefore
not be interpreted as representative of science teaching practices across Oman or other educational systems.
Instead, their relevance lies in their potential to inform analytical generalization, offering insights that may
resonate with educators and researchers working in similarly centralized or examination-driven contexts.

Third, the study does not directly examine broader systemic influences such as curriculum policy design,
assessment regimes, school leadership practices, or professional development structures. These factors likely
play a critical role in shaping teachers' instructional choices and capacity to engage with epistemically
demanding NGSS practices. The absence of data on these dimensions limits the study’s ability to account for
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the interaction between classroom-level practices and system-level conditions and cautions against drawing
conclusions about the effectiveness of specific policy or instructional interventions.

Taken together, these limitations suggest that the findings should be interpreted as exploratory and
illustrative, offering a grounded account of how a small group of teachers perceives and navigates NGSS-
aligned practices within their local instructional realities. While the study contributes to international
discussions on the contextualization of NGSS principles, further research incorporating observational data,
artefact analysis, larger and more diverse samples, and explicit examination of systemic factors is necessary
to deepen understanding of how inquiry-oriented reforms are enacted and sustained across educational
systems.
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APPENDIX A: INDIVIDUAL INTERVIEW QUESTIONS

Observed Practices During the Lesson

Based on the data recorded in the classroom observation form, identify the NGSS practices to inquire
about during the individual teacher interview.

NGSS Practices

Asking questions

Developing models

Planning experiments

Analyzing data

Using mathematics

Constructing explanations

Engaging in argument from evidence

Obtaining, evaluating, and communicating information

NV~ WD

Part 1. Understanding the Participant’s Background

In the first part of the interview, focus on gathering information about the participant’s background. Below
are some guiding questions:

e What science subjects are you currently teaching? Have you taught other subjects in the past?

e What is your academic qualification and specialization?

e How many years of teaching experience do you have?

e Have you pursued any graduate studies or advanced courses in education?

Part 2. General Questions on the Lesson and Inquiry Practices

e Canyou describe your method of teaching science in today's class?
e How did you integrate inquiry-based teaching methods into today's lesson?
e What strategies did you use to encourage students to engage in exploration during today's lesson?

Part 3. NGSS-Specific Questions
Practice 1. Asking questions

KER approach: | noticed that during the lesson on (lesson title/date), you focused on developing the practice
of asking questions.

1. Can you share examples of strategies or activities you used today to motivate students to ask
questions?

2. What types of questions did students ask during the lesson? How do they compare to those typically
asked in previous classes?

3. How did you utilize the questions posed by students? Can you describe instances where you
incorporated their questions into the lesson content or activities?

4. Didyou face any challenges in encouraging students to ask questions? If so, how did you address them?

Practice 2. Developing and using models to explain scientific phenomena

KER approach: | observed that you emphasized developing and using models during the lesson on (lesson
title/date).
1. Canyou share examples of strategies or activities you used to encourage students to develop or use
models?
2. Why did you choose this model for today’s lesson? What other models have you used or developed in
past lessons?
3. How do you help students understand diverse scientific models (e.g., physical, conceptual,
mathematical) and create their own models?
4. Did you encounter any challenges in promoting this practice? If so, how did you handle them?
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Practice 3. Planning and conducting investigations

KER approach: During the lesson on (lesson title/date), you focused on planning and conducting
investigations.

1. Canyou provide examples of strategies or activities you used to motivate students to plan and conduct
investigations?

2. How did you select the experiment for today? Do you follow the same process for selecting
experiments in other lessons?

3. How do you enhance students’ skills in planning and conducting investigations? Do you use technology
or other resources to support this?

4. Did you face any challenges in fostering this practice? If so, how did you overcome them?

Practice 4. Analyzing and interpreting data

KER approach: | noticed that during the lesson on (lesson title/date), you emphasized analyzing and
interpreting data.

1. Can you share examples of strategies or activities you used to encourage students to analyze and
represent data effectively?

2. What types of data did you ask students to collect and analyze today? Did you encourage discussions
about their data findings?

3. How did you guide students to organize and represent their data effectively (e.g., tables, graphs)? Did
you incorporate technology for data analysis?

4. Did you encounter any challenges in promoting data analysis? If so, how did you handle them?

Practice 5. Using mathematics and computational thinking

KER approach: | observed that you focused on using mathematics and computational thinking during the
lesson on (lesson title/date).
1. Can you share strategies or activities you used to encourage students to use mathematics and
computational thinking?
2. What mathematical concepts or computational tools did you introduce today?
3. How did you help students see connections between mathematics and science in today’s lesson?
4. Did you face any challenges in promoting this practice? If so, how did you address them?

Practice 6. Constructing explanations

KER approach: | noticed that you focused on constructing explanations during the lesson on (lesson
title/date).
1. Canyou share strategies or activities you used to encourage students to construct explanations?
2. How did you encourage students to provide evidence-based explanations for scientific phenomena?
3. Did you encounter challenges in fostering this practice? If so, how did you overcome them?

Practice 7. Engaging in argument from evidence

KER approach: | observed that during the lesson on (lesson title/date), you emphasized engaging students in
argument from evidence.
1. How did you organize today’s lesson to engage students in argumentation?
2. Canyou describe your strategy for facilitating evidence-based arguments?
3. How did you encourage students to build and present evidence-based arguments?
4. Did you face any challenges in implementing this practice? If so, how did you handle them?

Practice 8. Obtaining, evaluating, and communicating information

KER approach: | observed that you focused on obtaining, evaluating, and communicating information during
the lesson on (lesson title/date).
1. Describe the strategies you used to engage students in obtaining and evaluating information.
2. How did you develop students’ critical thinking skills to evaluate scientific information and sources?
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3. How did you encourage students to communicate their findings? Did you incorporate technology (e.g.,
digital databases, online sources)?
4. Did you encounter challenges in promoting this practice? If so, how did you address them?

\/
*fee
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