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Abstract

This conceptual paper proposes an evaluation framework to assess the implementation of
the Integrated Science Curriculum in lower secondary schools in Zhejiang Province, China. In
response to national education reforms aimed at enhancing scientific literacy, the study
adopts the Context, Input, Process, and Product (CIPP) model to develop a structured and
multidimensional evaluation framework. The framework is developed based on the
Compulsory Education Science Curriculum Standards (2022 Edition) and existing evaluation
studies related to integrated science curricula. It identifies key indicators reflecting curriculum
relevance, resource provision, instructional practices, and learning outcomes. The framework
is theoretically supported by constructivism, neuroscience, and complex systems theory.
Methodologically, this study adopts a conceptual approach and does not involve empirical
data collection. It outlines a CIPP-based structure and proposes a questionnaire-based
method for future empirical validation. The framework contributes both theoretically and
practically to advancing integrated science curriculum evaluation and provides implications
for science educators, policymakers, and school administrators.

Keywords: Integrated Science Curriculum, CIPP Model, Curriculum Evaluation, Scientific
Literacy, Conceptual Framework

Introduction

In the 21st century, scientific literacy has emerged as a critical competency for personal
development, national competitiveness, and social sustainability. The Outline of the National
Action Plan for Scientific Literacy (2021-2035) emphasizes that cultivating scientifically
literate citizens is essential for building an innovative country (State Council of China, 2021).
Scientific literacy includes not only understanding scientific concepts but also the ability to
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inquire, reason, and make evidence-based decisions in real-world contexts (Bybee, 1997;
Ministry of Education of China [MOE], 2022). To meet this educational demand, China has
continuously advanced science curriculum reform at the compulsory education level. The
latest Compulsory Education Science Curriculum Standards (2022 Edition) propose the
integrated development of students' scientific literacy across scientific knowledge, scientific
thinking, scientific inquiry and practice, and scientific attitude and responsibility (MOE, 2022).
Promoting integrated science curriculum reform is a key strategy to enhance scientific literacy
(Astrom, 2008). In China, an integrated science curriculum is often defined as a
comprehensive interdisciplinary curriculum that includes elements of physics, chemistry,
biology, and natural geography. As one of the earliest provinces to implement such reforms,
Zhejiang has offered integrated science curriculum at the lower secondary level since 1988
and remains a national exemplar in breadth and depth of implementation.

Despite ongoing reforms, the implementation of the integrated science curriculum in Zhejiang
Province continues to face several enduring challenges. Many science teachers, shaped by
long-standing disciplinary training systems, find it difficult to adapt to interdisciplinary
teaching approaches required by the integrated curriculum (Jia, 2013). Early development of
curriculum materials also lacked coherence and integration, leading to fragmented
instructional content (Fei, 2012; Pan, 2004). Moreover, significant disparities exist between
urban and rural schools in terms of teacher qualifications, resource allocation, and
instructional practices, leading to inconsistent science curriculum delivery (Miao et al., 2024;
Shen, 2024; Zhang, 2022). Most critically, there is still a lack of systematic evaluation
mechanisms tailored to the integrated science curriculum. Existing assessment frameworks
remain grounded in subject-based traditions and fail to comprehensively measure integrated
science curriculum effectiveness across planning, resource input, instructional process, and
student outcomes (Wang, 2024).

This study aims to evaluate the implementation of the Integrated Science Curriculum in lower
secondary schools in Zhejiang Province based on the Context, Input, Process, and Product
(CIPP) model as its conceptual evaluation framework. The framework is intended to identify
gaps between policy intentions and classroom realities, clarify multidimensional influencing
factors, and provide a theoretical basis for developing future empirical tools and strategies
for curriculum improvement.

Literature Review

Rationale for Choosing the CIPP Model

Curriculum evaluation refers to the systematic collection and analysis of information related
to educational curricula to determine their effectiveness, value, and impact (Glatthorn et al.,
2018). Unlike student assessment, which focuses on individual academic performance,
curriculum evaluation offers a holistic examination of educational objectives, implementation
processes, and learning outcomes (Vaidya, 2014). In science education, curriculum evaluation
is particularly critical for ensuring alignment with national standards, responding to student
needs, and enhancing scientific literacy.

Over the past century, curriculum evaluation has progressed from measurement-focused

approaches to more diversified models. In the early 20th century, the Measurement Era
emphasized standardized testing and quantitative outcomes, represented by Edward
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Thorndike (1904). This shifted in the 1930s with Tyler’s Objectives Model, which aligned
evaluation with specific learning goals, though it often overlooked contextual factors and
learner diversity (Tyler, 1934). Later models, such as Stake’s Responsive Evaluation and
Scriven’s Goal-Free Evaluation, addressed real-world complexity and unintended outcomes.
However, Stake’s model lacked a clear structure, limiting its replicability across contexts,
while Scriven’s model, though innovative, provided little procedural guidance and was less
useful for informing policy (Scriven, 1991; Stake, 1976). More recent constructivist
approaches, like Guba and Lincoln’s Fourth Generation Evaluation, emphasize negotiation
and stakeholder participation, but their qualitative nature and emphasis on consensus-
building may reduce applicability in large-scale evaluations (Guba & Lincoln, 1989).

In contrast, the CIPP Model—comprising Context, Input, Process, and Product—combines a
systematic structure with a practical, decision-oriented function. It supports both formative
and summative evaluation and facilitates continuous feedback throughout educational
reform (Stufflebeam, 2003). Despite its operational complexity and the need for a high level
of methodological sophistication, the model offers a comprehensive approach to evaluating
and improving educational programs. Although empirical applications of the CIPP model in
China’s integrated science curriculum remain limited, it has been widely adopted
internationally to evaluate science and STEM-related curricula (Aziz et al., 2018; Masfuah et
al., 2022). In the domestic context, scholars such as Zhuo (2017) have applied similar
multidimensional frameworks to evaluate interdisciplinary instruction.

Applications of the CIPP Model in Science Education

Several studies have examined the application of the CIPP model in evaluating integrated
science curricula. The context dimension focuses on the alignment between the curriculum
and its external environment, including national standards, student needs, and curricular
objectives. Compliance with national science curriculum standards is a key determinant of a
curriculum’s legitimacy and scientific validity (Arjaya & Suma, 2023; MOE, 2022).
Furthermore, when the curriculum is designed in response to students’ actual needs, it not
only reduces instructional inefficiencies but also enhances student engagement and interest
(Liang, 2024; Ling et al., 2017). In addition, clearly defined and attainable curricular objectives
have been shown to improve teacher clarity and instructional effectiveness (Liu & Li, 2024;
San Diego STEM Ecosystem, 2014; Zhang, 2019).

The input dimension assesses the foundational resource conditions necessary for effective
curriculum implementation. Key components identified in the literature include the scientific
and pedagogical quality of teaching content and instructional materials (Aziz et al., 2018;
Zhang, 2019), the adequacy of laboratory infrastructure and school environments (Arjaya &
Suma, 2023; Jibril & Bagceci, 2024; Liang, 2024), and the qualifications and interdisciplinary
teaching competencies of science teachers (Bashri et al., 2020; Masfuah et al., 2022). These
factors together determine the feasibility and support level for implementing the integrated
science curriculum.

The process dimension assesses how the curriculum unfolds in classroom instruction. Studies
emphasize that classroom management—especially in terms of lesson organization and time
control—directly affects implementation quality (Rooholamini, 2017). Pedagogical
adaptability, such as the integration of lecture-based, inquiry-based, practice-based, or
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blended approaches, is essential to meet students’ learning needs (Arjaya & Suma, 2023;
Kereeditse, 2021). Student engagement, including behavioral, emotional, and cognitive
involvement, serves as a key indicator of instructional effectiveness ((Liu & Li, 2024; Zhang,
2019). Reflective practices by both teachers and students foster self-regulation and
pedagogical improvement (Jibril & Bagceci, 2024). Feedback—both received by students and
used by science teachers to refine instruction—further supports continuous curriculum
improvement (Bashri et al., 2020).

The product dimension evaluates the degree to which the curriculum achieves its educational
objectives, particularly in terms of students' scientific literacy. According to the 2022 edition
of China’s Compulsory Education Science Curriculum Standards, scientific literacy
encompasses four core dimensions, which are widely supported in empirical studies and
provide a reliable basis for outcome evaluation (Liang, 2024; Zhuo, 2017).

Conceptual Framework

A conceptual framework refers to a model or schematic of the relationships between core
concepts and variables in a study (Jaakkola, 2020). This study constructs a conceptual
framework based on prior research on science curricula and the CIPP model to evaluate the
implementation of the integrated science curriculum in Zhejiang Province. Each dimension is
represented by a set of grounded indicators. The context dimension includes three factors—
science curriculum standards, student needs, and science curriculum objectives—which
reflect the foundation and background of curriculum design. The input dimension consists of
curriculum content, learning environment, teaching resources, and science teachers,
highlighting the material and human conditions required for curriculum implementation. The
process dimension incorporates five indicators: management of teaching activities, adaptive
teaching methods, student engagement, reflection, and feedback, which comprehensively
assess instructional quality and classroom dynamics. Finally, the product dimension includes
scientific understanding, scientific thinking, scientific inquiry and practice, and scientific
attitude and responsibility, providing a structured way to measure the outcomes of science
education. By combining multiple indicators across the four dimensions, this framework
enables a comprehensive and balanced evaluation of curriculum implementation.
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Theoretical Foundation

Constructivism provides a foundational perspective for this study, emphasizing that learners
actively construct knowledge through engagement with their environment and by integrating
new experiences with existing cognitive structures (Piaget, 1997; Vygotsky, 1978). Piaget's
theory of cognitive development highlights the importance of developmental readiness, while
Vygotsky’s sociocultural theory underscores the role of social interaction in learning. This view
supports curriculum designs responsive to students’ developmental stages, cultural
backgrounds, and inquiry capacities. In curriculum evaluation, constructivist principles have
informed the development of student-centered, participatory approaches aligned with real-
life contexts. For instance, G. Zhang et al. (2011) and Frye and Hemmer (2012) demonstrated
how reflective practice and active involvement—central to constructivist thinking—can
enrich educational program evaluation. These studies support integrating constructivist ideas
into comprehensive evaluation frameworks such as the CIPP model (Stufflebeam, 2003).

Neuroscience explores how the brain supports learning through mechanisms such as
attention, memory, and neuroplasticity—the brain’s ability to adapt through experience (Voss
et al., 2017). Educational neuroscience applies these insights to instructional design,
emphasizing the importance of emotionally engaging and cognitively appropriate learning
environments aligned with brain development (Villa, 2018). These insights contribute to
curriculum evaluation by offering a scientific foundation for understanding how learners
process information, engage with instruction, and develop skills. For example, Wang et al.
(2023) proposed a neural model of classroom information processing, revealing how students
acquire and retain knowledge, informing teaching and evaluation strategies. Similarly, Howes
et al. (2013) highlighted the interplay between biological and environmental factors in
shaping learning outcomes, suggesting that curriculum design and evaluation should consider
individual neurodevelopmental differences. As such, neuroscience provides strong
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theoretical support for the conceptual framework, particularly in understanding the
mechanisms underlying effective curriculum implementation and evaluation.

Complex systems theory conceptualizes curriculum implementation as a dynamic and
emergent process arising from the complex interactions among students, teachers,
curriculum content, and the learning environment (Davis & Sumara, 2014; Mitchell, 2009).
Unlike traditional linear models, this perspective emphasizes the importance of nonlinearity,
adaptability, and feedback loops within educational systems (Boulton et al., 2015). Byrne and
Callaghan (2022) highlighted the crucial role of systemic feedback mechanisms in optimizing
classroom dynamics, while Davis and Sumara (2014) further emphasized the importance of
flexible instructional design in enhancing student engagement. Complex systems theory
aligns closely with the core features of the CIPP curriculum evaluation model, thereby
providing strong theoretical support for comprehensive and developmental curriculum
evaluation.

Operational Definitions

Operational definitions are clear and specific definitions of variables or indicators in terms of
perceptible and measurable things, events, phenomena, and methods. In addressing the
context dimension, the integrated science curriculum is required to align with national
science curriculum standards in terms of its nature, concept, objectives, content, academic
quality, and implementation to foster the comprehensive development of scientific literacy
(MOE, 2022). Student needs are conceptualized as the discrepancy between current and
expected learning states (Grant, 2002), encompassing prior knowledge and skills (Y. Wang et
al., 2019), cognitive readiness (Eilks & Hofstein, 2017), learning styles (Eilks & Hofstein, 2017),
and science-related interests (Penuel et al., 2022). Science curriculum objectives refer to the
particular outcomes or expected results that students are expected to achieve through
learning in science education (Soysal, 2022). Furthermore, curriculum objectives should be
clear (McComas, 2024), structured (McComas, 2024), and assessable to provide effective
instructional guidance (Michael et al., 1957).

With regard to the input dimension, curriculum content refers to the comprehensive body of
information, skills, values, and attitudes systematically delivered to students throughout the
educational process to achieve specific teaching objectives (Glatthorn et al., 2018). It should
be logically sequenced (Jin et al., 2019), interdisciplinary in nature (Ashby & Exter, 2019), and
rooted in real-world applications (Rios & Stanton, 2011). The learning environment
encompasses the external social, psychological, and physical conditions and factors that
influence students’ learning effectiveness and experience (Closs et al., 2022). This study
specifically focuses on evaluating the physical learning environment, including the adequacy
of classroom layouts, laboratory facilities, and large-scale experimental equipment (Darman,
2023; Pareek, 2019). Teaching resources comprise all materials and tools that facilitate
teaching and learning, including textbooks, teaching aids, digital platforms, multimedia tools,
and library resources (Yara & Omondi, 2010). These resources are categorized into digital
(Heine et al., 2023), textual (Wanselin et al., 2022), and physical types (Fernandez et al., 2024)
in this study. Science teachers are defined as professionals specializing in delivering the
Integrated Science Curriculum at the lower secondary school level, typically possessing
academic backgrounds in disciplines such as physics, chemistry, biology, and geography. Their
evaluation considers their professional backgrounds (Margot & Kettler, 2019), teaching skills
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(Spektor-Levy et al., 2008), interdisciplinary integration abilities (Wu et al.,, 2024), and
participation in systematic teacher training programs (Wu et al., 2024).

In the process dimension, the management of teaching activities refers to the systematic
planning and coordination of teaching content, instructional methods, time scheduling,
classroom management, and resource allocation by teachers (Rakhmonkulov & Usarov,
2019). Effective management ensures that teaching content is organized, learning progresses
in an orderly manner, student engagement is stimulated, and assessment and feedback are
conducted in a timely fashion (Hagermoser Sanetti et al., 2018; Laveault & Allal, 2016).
Adaptive teaching methods involve the selection and application of instructional strategies
appropriate to the curriculum content, including lecture-based, inquiry-based, practice-
based, and blended approaches (Wieman, 2014). Inquiry- and practice-based methods are
particularly emphasized in integrated science curricula and national education standards
(Aidoo, 2023; MOE, 2022). Student engagement refers to the behavioral, affective, and
cognitive commitment demonstrated during the learning process (Schnitzler et al., 2021).
Specifically, behavioral engagement involves active participation and task completion;
affective engagement reflects students' emotional responses to learning activities; and
cognitive engagement indicates deep thinking and critical analysis. Curriculum reflection
denotes the systematic review, analysis, and evaluation of learning content, methods,
processes, and outcomes conducted by both students and teachers (Suphasri & Chinokul,
2021). It aims to identify achievements, diagnose challenges, and determine areas for
improvement, thereby fostering critical thinking, self-regulation, and instructional
enhancement. Curriculum feedback refers to the bidirectional exchange of information
between students and teachers concerning learning content, teaching methods, and
outcomes, with the aim of optimizing teaching effectiveness and improving learning
experiences (Nieminen & Carless, 2023). From the student perspective, feedback evaluates
the effectiveness of instruction; from the teacher perspective, it informs curriculum
adjustments and pedagogical improvements.

Finally, the product dimension centers on the extent to which students develop core
competencies in scientific literacy (MOE, 2022). Scientific understanding refers to the overall
understanding of objective things formed on the basis of the understanding of scientific
concepts, laws, and principles. Scientific understanding includes both specific concepts in the
fields of science, technology, and engineering; and the understanding of the nature of science,
the relationship between human beings and nature, and the relationship between science,
technology, society, and the environment. In addition, scientific understanding covers their
applications in explaining natural phenomena and solving practical problems. Scientific
thinking is a way of cognising the essential attributes, internal laws, and interrelationships of
objective things from a scientific perspective, which mainly includes model construction,
reasoning and argumentation, and innovative thinking. The scientific inquiry and practice
mainly refer to the scientific inquiry competence, technical and engineering practice
competence, and self-directed learning competence developed in the process of
understanding and exploring nature, acquiring scientific knowledge, solving scientific
problems, and carrying out technical and engineering practice. Scientific attitude and
responsibility encompass the development of a scientific attitude and a sense of social
responsibility, both of which gradually form based on an understanding of the nature and
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principles of science, as well as the interconnections between science, technology, society,
and the environment.

Methodology

This study adopts a quantitative research design to construct and validate the evaluation
framework. A structured questionnaire will serve as the primary research instrument,
adapted from previous studies that have applied the CIPP model to evaluate curricula related
to integrated science. The target population comprises full-time lower secondary integrated
science teachers across Zhejiang Province. To ensure representativeness and minimise
sampling bias, simple random sampling will be employed, allowing every eligible teacher an
equal probability of selection. The questionnaire adopts a five-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). Prior to the main survey, a pilot study will be
conducted to assess the psychometric properties of the instrument, and revisions will be
made based on preliminary findings.

Reliability will be evaluated using Cronbach’s alpha, with a threshold of 0.70 indicating
acceptable internal consistency reliability for each dimension (Taber, 2018). To ensure
validity, a three-tiered validation strategy will be used. Face validity will be established
through expert reviews by specialists in science education and curriculum studies. Content
validity will be measured using the Content Validity Index (CVI). Construct validity will further
be assessed through exploratory factor analysis (EFA) and confirmatory factor analysis (CFA).
The suitability of data for factor extraction will be determined using the Kaiser-Meyer-Olkin
(KMO) measure and Bartlett’s test of sphericity.

Data analysis will be carried out using SPSS 26.0 and AMOS 26.0 software. Descriptive
statistics (frequencies, percentages, means, and standard deviations) will be used to
summarise demographic characteristics and participants’ responses across the CIPP
dimensions, including variables such as gender, teaching experience, and school location. EFA
will be conducted to explore the underlying factor structure, with items exhibiting factor
loadings below 0.60 removed through iterative refinement to ensure unidimensionality and
robust construct validity (Jani et al., 2023). CFA will then be used to confirm the measurement
model, employing fit indices such as CFI, TLI, RMSEA, and the chi-square/df ratio. Finally,
structural equation modeling (SEM) will be applied to examine the interrelationships among
the four CIPP dimensions and to test hypothesised paths, with standardised coefficients (B)
indicating path strength and unstandardised coefficients (B) used for hypothesis testing.

Conclusion

This conceptual paper proposes an evaluation framework based on the CIPP model to
evaluate the implementation of the Integrated Science Curriculum in Zhejiang Province. By
reviewing relevant literature and integrating constructivism, neuroscience, and complex
systems theory, the study outlines key indicators across the four CIPP dimensions. The
framework provides a structured and theoretically grounded basis for future empirical
evaluation and supports ongoing efforts to improve curriculum quality and promote scientific
literacy through interdisciplinary teaching.
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