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Abstract

As the flipped classroom model continues to gain attention in secondary school STEM classrooms and educational quantitative research focusing on instrument
development and validation, the need for a valid and reliable measurement instrument that is appropriate for the Malaysian secondary school context has
become increasingly important. In STEM education, researchers seek to better understand students’ learning experiences within flipped classroom practices
within STEM-specific learning environments. Thus, this study aimed to investigate validity and reliability of the student perception of flipped classroom
(SPFC) instrument; which measures; (i) collaborative environment, (ii) self-directed learning, (iii) learning impact, (iv) motivation and enjoyment, and (v)
technology integration. Content validity was evaluated by ten experts through the application of the item-level content validity index (I-CVI), scale-level
content validity index (S-CVI), and Kappa analysis. The study findings showed that the SPFC instrument demonstrated strong content validity (S-CVI/Ave =
0.96; S-CVI/UA = 0.85). Seventeen (17) items achieved full agreement (I-CVI = 1.00), while three items with lower CVI values were retained after clarity-
focused revisions. A pilot study involving 30 students was conducted to assess reliability using Cronbach’s alpha. The overall reliability was excellent (o0 =
.927), with construct-level alphas ranging from acceptable to strong: collaborative environment (o = .866), self-directed learning (o = .685), learning impact
(o= .873), motivation and enjoyment (o = .720), and technology integration (a = .884). In conclusion, the 20 items of SPFC questionnaire were accepted and
retained to better understand students' perceptions of flipped classroom learning experiences in STEM context. Future research is recommended to further
examine the instrument’s construct validity and applicability across different STEM subjects and educational levels.
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Abstrak

Seiring dengan peningkatan penggunaan model Flipped Classroom dalam amalan bilik darjah STEM sekolah menengah dan penyelidikan kuantitatif
pendidikan yang memfokuskan pada pembangunan dan pengesahan instrumen, keperluan untuk instrumen pengukuran yang sah dan boleh dipercayai yang
sesuai untuk konteks sekolah menengah Malaysia telah menjadi semakin penting. Dalam pendidikan STEM, penyelidik berusaha untuk lebih memahami
pengalaman pembelajaran pelajar dalam amalan bilik darjah terbalik dalam persekitaran pembelajaran khusus STEM. Oleh itu, kajian ini bertujuan menyiasat
kesahan dan kebolehpercayaan instrumen persepsi pelajar terhadap Flipped Classroom (SPFC), yang mengukur (i) persekitaran kolaboratif, (ii) pembelajaran
kendiri, (iii) impak pembelajaran, (iv) motivasi dan keseronokan, serta (v) integrasi teknologi. Kesahan kandungan dinilai oleh sepuluh orang pakar melalui
penggunaan indeks kesahan kandungan per item (I-CVI) dan indeks kesahan kandungan per skala (S-CVI) serta analisis Kappa. Dapatan kajian menunjukkan
instrumen SPFC mencapai kesahan kandungan yang kukuh (S-CVI/Ave = 0.96; S-CVI/UA = 0.85). Tujuh belas (17) item mencapai persetujuan penuh (I-
CVI = 1.00), manakala tiga item dengan nilai CVI yang lebih rendah dikekalkan selepas semakan. Kajian rintis yang melibatkan 30 orang pelajar telah
dijalankan untuk menilai kebolehpercayaan menggunakan Cronbach alpha. Kebolehpercayaan keseluruhan adalah sangat baik (0. =.927), dengan julat daripada
boleh diterima sehingga kukuh: persekitaran kolaboratif (o = .866), pembelajaran kendiri (o = .685), impak pembelajaran (o = .873), motivasi dan keseronokan
(a=.720), dan integrasi teknologi (o = .884). Kesimpulannya, 20 item soal selidik SPFC telah diterima dan dikekalkan untuk menilai persepsi pelajar terhadap
pengalaman pembelajaran bilik darjah terbalik dalam konteks STEM. Penyelidikan masa depan disyorkan untuk mengkaji lebih lanjut kesahan dan
kebolehgunaan konstruk instrumen merentas subjek STEM dan tahap pendidikan yang berbeza
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H1.0 INTRODUCTION

The Sustainable Development Goals (SDGs), introduced by the United Nations in 2015 under the 2030 Agenda for Sustainable Development,
emphasise the role of education and human capital development in addressing global challenges. In particular, SDG 4 (Quality Education)
and SDG 9 (Industry, Innovation, and Infrastructure) highlight the need for strong competencies in science, technology, engineering, and
mathematics (STEM) to support innovation-driven and knowledge-based economies (Jamaluddin et al., 2025; Milligan, 2022). STEM
education is therefore not discussed in this study as a broad policy agenda, but as a foundational educational domain that equips learners
with problem-solving, analytical, and technological skills essential for sustainable development.
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Although its importance is widely acknowledged, STEM education continues to face longstanding challenges. Students often perceive STEM
subjects as demanding, less enjoyable, and academically risky (Aspin et al., 2022; Ismail et al., 2019). Such perceptions reduce motivation
and influence their willingness in pursuing science pathways (Fairhurst et al., 2023). In the Malaysian context, this issue is evident in
enrolment trends. Recent statistics indicate that only 15.2% of Malaysian secondary school students enrolled in pure science subjects in 2024,
with a marginal increase to 15.8% in 2025. Even after including another 5.22% students enrolled in STEM B (Science and Technology),
overall participation remains worryingly low (Abdul Mutalib & Mohd Zulkanain, 2024; Hakim Mahari & Qistina Sallehuddin, 2025). These
trends suggest declining interest and confidence in STEM learning, rather than a lack of awareness of its importance.

Prior research attributes this disengagement partly to instructional practices that remain predominantly teacher-centred, emphasising
content delivery over active learning, problem solving, and collaboration (Nja et al., 2022). Such environments often limit active participation
among students for meaningful interaction and self-directed learning, which are particularly critical in STEM education. While the COVID-
19 pandemic exposed weaknesses in traditional and emergency remote teaching practices such as overdependence on passive teaching
methods, insufficient digital competencies, and the absence of sustainable digital learning strategies (Divjak et al., 2022; Nolan et al., 2021),
this study is positioned in a post-pandemic educational context. The relevance of prior pandemic-related findings lies not in the crisis itself,
but in highlighting the ongoing need for sustainable, flexible, and learner-centred instructional approaches that remain effective beyond
emergency conditions.

Given the consistent misalignment between the global importance of STEM and students’ real classroom experiences, there is an urgent
need for more innovative, student-centred instructional approaches. The flipped classroom model offers one such alternative. By shifting
direct instruction outside of class and freeing classroom time for active engagement and problem solving, flipped learning aligns with
UNESCQ’s vision for Education for Sustainable Development (2017) and has been shown to enhance student motivation, autonomy, and
conceptual mastery, particularly in STEM contexts, where active problem solving is critical (Cho et al., 2021; Gong et al., 2024). Flipped
classroom is not a new pedagogy but its innovation lies in its instructional design and implementation within specific contexts, particularly
STEM classrooms where cognitive demand and learner support must be carefully balanced.

While existing literature extensively discuss the benefits, implementation, and general impact of flipped classrooms across various
educational levels and disciplines including STEM, most studies focus on learning outcomes or engagement, with limited attention to directly
address the specific challenge of validating measurement instruments for students’ perceptions of flipped STEM learning in secondary
schools in Malaysia. Recent studies suggested that the effectiveness of flipped instruction depends not merely on its adoption, but on how
students experience its learning environment (Closs et al., 2021; Eren & Kenan Dikilitag, 2025; Ma, 2023). Since students are the main
beneficiaries of the instructional approach, it is important to have strongly validated instruments that can reliably capture students’
perceptions.

The evaluation of the effectiveness of such pedagogical innovations from students’ first point of view may help to provide a more
meaningful and data-driven information to educators and policymakers in enabling improvements in pedagogical practices and curriculum
design. Therefore, this study focuses on validating a questionnaire instrument to capture students’ perceptions of the flipped classroom in
STEM learning, ensuring both content validity and reliability. Specifically, the objective of the study is to determine the content validity and
reliability of the questionnaire instrument on students’ perception of the flipped classroom in STEM learning by using a detailed and
systematic method, namely the content validity index (CVI) and Cronbach’s alpha respectively.

H2.0 LITERATURE REVIEW

In the context of this research, the Flipped Classroom is defined as a blended learning model that combines both online and face-to-face
instruction, where students are expected to engage with assigned pre-class materials such as videos, notes, or guided questions before
participating in in-class active learning sessions. This approach was especially prominent during the post-COVID-19 recovery phase (Feijoo
et al., 2021) as many teachers continued using digital platforms to distribute preparatory content before class. Such practice allows more
equitable access to learning resources, particularly for students who struggled with traditional lecture-based instruction or who missed classes.
Extensive international research has shown that the flipped classroom model can enhance student engagement (Agyeman & Aphane, 2024;
Cheah & Sale, 2019; Karjanto & Acelajado, 2022; Saglam & Arslan, 2018) self-directed learning (Aburayash, 2021; Chung & Lee, 2018;
Oztiirk & Cakiroglu, 2021; Syakdiyah et al., 2018), and improve academic achievement across various subjects (Karadag & Keskin, 2017;
Lo & Hew, 2019; Martinez-Jiménez & Ruiz-Jiménez, 2020; Talan & Gulsecen, 2019; Webb & Doman, 2020). These outcomes are
particularly relevant to STEM education, where active participation and hands-on practice are essential for developing conceptual
understanding. The model indeed offers significant benefits, including improved learning outcomes, higher student participation, and
enhanced problem-solving skills (Kay & Dermott, 2018; Md Zainuddin et al., 2024).

Despite its benefits, the flipped classroom also presents challenges that may influence students’ learning experiences. These include
the need for reliable access to digital devices, increased out-of-class workload, and varying levels of student readiness or motivation to
engage with pre-class materials (Pilu et al., 2025; Xiaoying & Abu Samah, 2024). All these factors that can collectively and negatively
impact the overall effectiveness of the model, or worse, influence students’ learning outcomes. Therefore, understanding how students
perceive these aspects is extremely crucial, particularly when implementing flipped approaches in STEM subjects, which demand substantial
conceptual engagement. Existing research on flipped learning has mainly focused on teachers, either pre-service or in-service (Ekinci et al.,
2023; Kozikoglu et al., 2021; Unal & Unal, 2021) or on its implementation outcomes (Elian & Hamaidi, 2018; Cho et al. 2021; Nja et al.,
2022; Gong et al., 2024; Kalithas & Manivannan, 2024). There are relatively fewer studies that have used validated quantitative instruments
to systematically measure students’ perceptions, especially at the secondary school level, let alone in STEM context. Moreover, many studies
rely on qualitative feedback alone, which is valuable but often subjective and context-specific, making broader comparison difficult (Bogaard
et al., 2025).

This gap is critical because secondary school is a formative stage where students’ STEM identities, career intentions, and attitudes
solidify. Given that students are the primary beneficiaries of flipped instruction, their perceptions can offer actionable insights into what
aspects of the model support or hinder learning.
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The lack of validated instruments could limit the reliability, interpretive power, and generalizability of existing findings (Yusoff, 2019). This
is because unvalidated tools risk measuring the constructs inconsistently, incompletely, or inaccurately (Karnia, 2024). As a result, educators
and researchers risk relying on anecdotal or non-generalizable evidence that may not accurately and confidently capture students’ experiences
with flipped STEM instruction. To address this gap, the present study validates and assesses the reliability of a set of instruments designed
to measure secondary students’ perceptions of flipped STEM learning. Through expert review and reliability analysis, the study hopes to
establish a validated and reliable measurement tool that supports evidence-based STEM pedagogy and enables future comparative research
across diverse educational contexts. Establishing such a tool is also essential for advancing the broader goals of STEM education in relation
to sustainability and the SDGs.

H3.0 METHODOLOGY
3.1 Research Design

This study employed a quantitative research approach using survey design. Survey-based designs are commonly used in the early phases of
scale development to systematically evaluate item relevance, clarity, and internal consistency before progressing to construct validation
(Creswell & Creswell, 2022; Stefana et al., 2025). The survey design was selected as it enables generalization from an accessible population
comprising many individuals. Specifically, the design was used to facilitate the content validation and reliability testing of the draft scale.
The primary purpose of this phase was not hypothesis testing or causal inference, but rather to establish preliminary psychometric soundness
of the Students’ Perception of Flipped Classroom (SPFC) instrument through: (1) expert-based content validation, and (2) pilot reliability
analysis using student responses. It is recommended that at least three experts participate in the content validation process, but not more than
ten (Bahari & Saleh, 2023; Lynn, 1986; Shrotryia & Dhanda, 2019). Content validity was examined using both Item-Level Content Validity
Index (I-CVI) and Scale-Level Content Validity Index (S-CVI), consistent with established methodological recommendations (Lynn, 1986;
Polit & Beck, 2006; Yusoff, 2019). For reliability assessment, a pilot test involving 30 students was administered using Cronbach’s alpha,
providing preliminary evidence of the scale’s internal consistency and stability.

3.2 Research Sample

Content validation was conducted with a panel of ten experts selected through judgement sampling. This method was deemed appropriate
because expert selection requires deliberate consideration of individuals’ qualifications, scholarly contributions, and relevance to the study
(Mat Said et al., 2022). Better validity was produced when mixed experts were chosen for both theoretical or research and real-world
experiential knowledge (Intan & Yasin, 2021). The diversity of expertise strengthened the content validity of the scale and ensured that the
instrument is both methodologically sound and responsive to the realities of secondary students’ learning experiences in the flipped STEM
classroom. The panel primarily comprised expertise in science education and educational technology, whereby, these domains constitute the
core instructional foundations of STEM pedagogy at the secondary school level where STEM is operationalised through science instruction
supported by technology-mediated learning environments (Rahman, 2024). This composition aligns with that of the scope of the study,
focusing on students’ learning experiences in flipped classroom implementations within science-based STEM instruction. Several experts
also possessed explicit expertise in STEM education, curriculum design, and instructional innovation. Table 1 shows the summary of experts
in this study.

Table 1 Summary of the experts

No. Position Fields of Expertise Years of Experience
r Serlo S et s on 2
P2 Professor Science education 31
P3 Professor Science Education, STEM 30
P4 School Senior Assistant Chemistry Education 21
P5 Senior Lecturer Science Education, STEM 19
P6 Physic Lecturer Educational technology, science education 10
P7 Senior Lecturer Educational technology 18
P8 Academic Teacher Biology Education, educational technology 21
P9 Senior Lecturer Curriculum and instruction, science education 20
P10 Senior Lecturer STEM Education 13

3.3 Instrumentation

The Students’ Perception of Flipped Classroom (SPFC) instrument adapted the questionnaire originally developed by Johnson (2013) and
later refined by Lam and Siew (2024). Several modifications were made to align the instrument with the objectives of this study, specifically
to measure secondary students’ perceptions of the Flipped Classroom instructions in STEM-oriented learning environments. Table 2 shows
20 items organised under five key dimensions in SPFC with respective codes.

Several items reflect behavioural tendencies, emotional responses, or learning preferences, whereby, these elements are conceptually
aligned with students’ holistic perceptions of their flipped classroom learning experiences, which inherently encompass cognitive, affective,
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and behavioural components (Bishop & Verleger, 2013). Thus, the construct is more accurately framed as students perceived flipped
classroom learning experiences in a STEM context, rather than perception as a purely attitudinal construct.

Table 2 Dimension and items for Students’ Perception of Flipped Classroom (SPFC)

Dimension Code  Item Description
Collaborative environment Cl The Flipped Classroom is more engaging than traditional classroom instruction.
Cc2 The Flipped Classroom allows me to better communicate with other students.
C3 Flipped classroom gives me the opportunity to ask more questions inside the classroom.
Self-directed learning S1 I watch the video assignment regularly (at least twice a week).
S2 1 dislike self-pace myself throughout the course.
S3 Learning STEM using Flipped Classroom strategy gave me the opportunity to self-learn.
S4 Frequently pause or repeat parts of the videos to increase my understanding of the material.
Learning impact L1 I feel that I understand the content of the STEM subjects better when I learn it through Flipped Classroom.
L2 The Flipped Classroom has not improved my learning of STEM.
L3 Preparing my pre-class material (notes, exercises, etc) according to Flipped Classroom strategy helped me
to understand the lessons well.
L4 The Flipped Classroom strategy in learning STEM makes me exhausted.
L5 With Flipped Classroom model, I feel more prepared for my exams.
L6 Learning foundational content prior to class greatly enhances my understanding of material.
Motivation and enjoyment Ml I would not recommend Flipped Classroom to a friend.
M2 I am more motivated to learn STEM in Flipped Classroom.
M3 I feel fun in physical class meetings that implement the Flipped Classroom strategy.
M4 Flipped classroom improves my interest in exploring STEM topics.

Technology integration T1 I like watching the lessons taught on video.
T2 I would rather have a traditional fully teacher-led lesson than watching a video lesson.
T3 Learning STEM using Flipped Classroom strategy gave me the opportunity to engage with technology.

The content validity questionnaire is implemented to measure the content validity of each dimension stated in Table 2. Guided by the
rating scale proposed by Lynn (1986), the experts were required to tick only one response option for each item based on the scale from [1]
not relevant; [2] somewhat relevant; [3] relevant but needs minor revision; and [4] very relevant for each item. This instrument contains 3
sections: section A: expert validation review form; section B: expert information; and section C: declaration of content validity review.

3.4 Content Validation

As this study represents an initial validation phase, content validity indices and adjusted kappa statistics were prioritized. Construct validity
analyses such as Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) are planned for subsequent studies using
larger samples, as recommended in scale development literature (Boateng et al., 2018). The validity of a research instrument can be defined
as the capabilities of the questionnaire to measure a construct or variable to be measured (Creswell & Creswell, 2018). Meanwhile, content
validity refers to the extent to which a measurement instrument accurately reflects what it is intended to measure (Polit & Beck, 2006; Yusof,
2019; Yoong et al., 2022). There are two types of content validity indices (CVI): item-level content validity index (I-CVI), which evaluates
the content validity of each item; and scale-level content validity index (S-CVI), which evaluates the content validity of the entire scale (Shi
et al., 2012). Based on different calculation methods, S-CVI can be divided into two categories: S-CVI/Ave (Average Agreement) and S-
CVI/UA (Universal Agreement). Table 3 summarises the definitions and formulas of the three content validity indexes (CVI) based on the
recommendations by previous literature (Lynn, 1986; Polit et al., 2007; Polit & Beck, 2006; Yusoff, 2019) to be computed in Microsoft
Excel to automate the validity calculation (Lukmanul Hakim et al., 2025).

Table 3 Definitions and formulas of I-CVI, S-CVI/Ave and S-CVI/UA

CV1 Definitions Formulas
. . . Number of experts rating item as 3 or 4
I-CVI Proportion of experts rating an item as relevant (score 3 or 4)
Total number of Experts
> 1— CVlscores
S-CVI/Ave Average of all I-CVI scores -
Total number of items
S-CVI/UA Proportion of items rated as relevant (score 3 or 4) by all experts. UA score will Y. UA scores
be 1 if and only if all experts agree (100% relevance), else UA score is 0. Total number of items

Source: Lynn (1986); Polit & Beck (2006); Polit et al. (2007); Yusoff (2019), Lukmanul Hakim et al. (2025).

Due to the cost and time considerations, a non-face-to face approach was used where an online content validation form was sent to the
experts along with clear instructions to ease the content validation process. During the expert consultation regarding content validity
assessment, experts are requested to indicate the relevance or representativeness of each item to its respective content dimension. To prevent
neutral responses and ensure choices are made, a four-point rating scale was used, with categories defined as follows: (1) not relevant, (2)
somewhat relevant, (3) quite relevant, and (4) highly relevant. Through binary transformation, original scale rating of 1 and 2 are recoded as
0 while ratings of 3,4 will be 1 during CVI calculations as in Table 4.
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Table 4 Original scale and converted scale used for the CVI

Original Scale Converted Scale
1,2 0
3,4 1

The acceptable CVI threshold varies according to the number of experts consulted. For two experts, the acceptable I-CVI was at least 0.80
(Davis, 1992). For three to five experts, it must be exactly 1.00 (Polit & Beck (2006); Polit et al., (2007)). For six to eight experts, it should
be at least 0.83. For nine or more experts, a minimum value of 0.78 is required (Lynn, 1986). As ten experts were involved in evaluating the
questionnaire in this study, the acceptable CVI threshold is therefore set to be 0.78 or higher. Table 5 summarizes the number of experts and
the corresponding CVI thresholds. At the scale level, Polit and Beck (2006) recommend that S-CVI/Ave should not fall below 0.90, while
Davis (1992) with Shrotryia and Dhanda (2019) suggested that S-CVI/UA should be no less than 0.80 to indicate strong content validity.

Table 5 Number of experts and the corresponding acceptable content validity index (I-CVI) threshold

Number of experts Acceptable CVI values Source
Two experts >0.80 Davis (1992)
Three to five experts Exactly 1.00 Polit & Beck (2006), Polit et al., (2007)
Six to eight experts >0.83 Lynn (1986)
At least nine experts >0.78 Lynn (1986)

Shi et al. (2012) pointed that the consistent agreement among two or more experts on the items relevance might occasionally result from
random selection rather than true consensus. Relying solely on the I-CVI can therefore overestimate validity because it does not account for
random agreement. To address this, Polit et al. (2007) proposed calculating the probability of chance agreement (Pc) using the binomial
distribution, assuming each expert randomly selects “relevant” or “not relevant” with equal probability (0.5). Pc represents the likelihood
that the observed agreement occurred by chance, with formula:

n!
p=—""_|xos"
c [A!(n—A)!]X

where #n is the number of experts and A4 is the number who rated the item as relevant (score 3 or 4). The adjusted kappa statistic (k) is then
derived by combining I-CVI and Pc to correct for chance agreement using:

_(—-cVDh—P
T 1-Pc

This adjustment provides a more accurate measure of expert consensus beyond chance. Interpretation thresholds by Shi et al. (2012)
and Rodrigues et al. (2017) for « are: <0.40 (poor), 0.40-0.59 (fair), 0.60-0.74 (good), and >0.74 (excellent) are being used in this study
(refer Table 6). Items with higher k values indicate stronger content validity and are more likely to represent the intended construct. Including
Pc and « in the analysis ensures that retained items in the final instrument are based on genuine expert agreement, rather than random
agreement.

Table 6 Interpretation Guidelines for Adjusted Kappa (k) Values (Rodrigues et al., 2017; Shi et al., 2012)

Adjusted Kappa (k) Values Range Interpretation

k>0.74 Excellent
0.60 <x<0.74 Good
0.40<k<0.59 Fair

Kk <0.40 Poor

3.5 Reliability Analysis

After the content validity analyses, reliability analysis follows as it plays an important role to ensure the usefulness of the test (Segal &
Coolidge, 2018) by reflecting the stability and consistency of responses across repeated measurements (Creswell & Creswell, 2022). A pilot
test involving 30 secondary students was conducted to examine the internal consistency of the SPFC instrument through Cronbach's alpha
(). In scale development research, pilot samples ranging from 20 to 40 participants are considered adequate for preliminary reliability
estimation, particularly when the objective is to identify problematic items rather than to establish stable factor structures (Hertzog, 2008;
Johanson & Brooks, 2010; Sukserm, 2024). The sample size was therefore deemed appropriate for this exploratory reliability phase, while
recognising that larger samples will be required in subsequent studies for factor analysis and model confirmation.

Interpretation of reliability followed established psychometric guidelines. First, Nunnally and Bernstein (1994) recommend a > 0.60
as acceptable for newly developed or adapted instruments, since early-stage scales may naturally display moderate internal consistency.
Pallant (2020) later suggests that values approaching or exceeding o.> 0.70 represents good reliability for research applications, while values
slightly below this threshold can still be adequate in preliminary or pilot studies. To provide a more detailed reliability classification, this
study also referred the Cronbach’s alpha values guidelines proposed by George and Mallery (2019) as shown in Table 7.
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Table 7 Interpretation Guidelines of Cronbach alpha (o) values (George & Mallery, 2019)

Cronbach Alpha (o) Values Range Interpretation
a>0.90 Excellent
0.80 <a<0.90 Good
70<0<0.80 Acceptable
.60<a<0.70 Questionable but usable
0.50<a<0.60 Poor
a<0.50 Unacceptable

4.0 RESULTS
4.1 Content Validity Index (CVI) Analysis Scores

Table 8 presents the content validity evaluation for all 20 items measuring students’ perceptions of flipped STEM learning. The analysis
includes the item-level content validity index (I-CVI), universal agreement index (UA), probability of chance agreement (Pc), adjusted kappa
(x), expert comments, decisions and revisions made for each item if there is any. Majority of the items (17 out of 20) obtained perfect I-CVI
of 1.00 with UA value of 1. Each of these items showed a low probability of chance agreement (Pc = 0.00098) together with a perfect
adjusted kappa of 1.00. Two items (S2 and L4) recorded lower [-CVI values than the threshold of 0.78, obtaining only 0.60, and 0.70,
respectively. A total of five items (C1, S1, S2, L4, T3) were revised based on expert feedback. Notably, several items (L4 and T3) with
perfect consensus were revised as experts provided recommendations to refine wording and improve the precision of item statements despite
their high relevance ratings. No items were removed from the scale. The remaining items were retained without changes. On the scale level,
the overall instrument achieved an S-CVI/Ave of 0.96 and an S-CVI/UA of 0.85 based on the experts’ evaluations.

At least two items (S2 and L4) recorded I-CVI values below the recommended threshold of 0.78, therefore, these items were revised based
on both statistical evidence and qualitative expert judgment. Importantly, none of the experts rated these items as not relevant; instead, the
lower agreement reflected concerns related to wording clarity and construct alignment, rather than the irrelevance of the underlying concept.
In early-stage instrument development, items may be retained for revision when expert feedback indicates conceptual importance but
recommends refinement to improve interpretability (DeVellis, 2016; Boateng et al., 2018; Lamm et al., 2020).

The adjusted kappa value (k = 0.50) for item S2 indicated fair agreement, therefore, the expert comments consistently suggested
grammatical and phrasing issues rather than construct redundancy. Following revision, the item was retained to preserve coverage of
students’ affective responses toward self-paced learning, which forms an integral component of perceived self-directed learning experiences
in flipped classrooms. Similarly, item L4 was revised following expert consensus that the original wording overlapped with emotional fatigue
or cognitive load rather than learning impact. The revised version reframed the item to reflect higher-order cognitive engagement, thereby
strengthening alignment with the learning impact construct. The acceptable adjusted kappa value (k = 0.66) further indicates that expert
agreement exceeded chance levels, supporting its retention after revision. As this study represents an initial validation phase, re-validation
after item revision was not conducted at this stage. Instead, revised items are intended to be subjected to further validation, including factor
analytic procedures in subsequent future larger scale studies.
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Table 8 Content Validity Evaluation for SPFC Items (I-CVI, UA, Pc, k, Comments, Decision, New item, S-CVI/Ave and S-CVI/UA)

No. of

Item P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 I-CVI UA Pc K Comments Decision New item after revision
Agreement
2/10  panels  recommended The Flipped Classroom allows
simplifying the item to ensure . better in-class engagement with
cl ! ! ! ! ! ! 0 0 ! ! 8 0.80 0 0.04395 079 better understanding by the Revised peers compared to traditional
respondents. classroom lesson
Cc2 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
C3 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
1/10 panels suggested changing
s 1 1 1 1 1 1 1 1 1 1 10 1.00 1 000098  1.00 _tw1ce a \’)veek to ‘regularly as Revised 1 watch the .vzdeo assignment
instructed’ to be sound more regularly as instructed.
wholesome for respondent.
4/10 panels commented that the
item needs to be revised for its I dislik .
S2 0 1 1 0 1 1 0 0 1 1 6 060 0 020508 0.50 grammar construction. Itemisnot  Revised isre pacing | my own
learning throughout the course.
deleted as none of the panels
deemed it as not relevant.
S3 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
S4 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
L1 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
L2 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
L3 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
3/10 panels commented that the I spend more timg analy zz:ng
; - and  evaluating  information
item measures more on cognitive hen  Flioped  Classroom
L4 1 1 1 0 0 1 1 0 1 1 7 070 0 011719 0.66 load or emotion instead of  Revised pped ;
. . strategy is used in learning
learning impact. Panels
A . STEM.
suggested reframing if retained
L5 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
L6 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
M1 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
M2 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
M3 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
M4 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
T1 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
T2 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098  1.00 Accepted
1/10 panels suggested the item My ability to apply technology
need to be more specific as the in academic projects has
T3 1 1 1 1 1 1 1 1 1 1 10 1.00 1 0.00098 1.00 wuse of just ‘technology’ is too Revised improved due to Flipped
general to address the Classroom implementation in
effectiveness of the integration. STEM learning
S-CVI/Ave 0.96
S-CVI/UA 0.85
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4.2 Reliability analysis scores

Table 9 displays the Cronbach’s alpha values for each construct in the SPFC, ATSM and CLQ instruments as well as their overall score. The
overall scale demonstrated an excellent Cronbach’s alpha of 0.927. The alpha values for the constructs’ items ranged from 0.685 to 0.884.
Three constructs had good Cronbach alpha with Technology Integration showing the highest value of 0.884, followed by Learning Impact
(0.873) and Collaborative Environment (0.866). Motivation and Enjoyment with 0.720 is at an acceptable level while Self-Directed Learning
recorded 0.685, despite questionable but still usable.

Table 9 The Cronbach’s alpha value of each construct items for SPFC

Constructs Cronbach’s Alpha Value Interpretation
Collaborative environment 0.866 Good
Self-directed learning 0.685 Questionable but usable
Learning impact 0.873 Good
Motivation and enjoyment 0.720 Acceptable
Technology integration 0.884 Good
Overall 0.927 Excellent

l5.0 DISCUSSION AND RECOMMENDATION

The purpose of this study was to validate and assess the reliability of an instrument designed to measure secondary students’ perceptions of
the flipped classroom in STEM learning. The findings provide strong evidence that the instrument demonstrates both conceptual relevance
and internal consistency, supporting its suitability for use in school-based and research-based contexts. The high content validity of the SPFC
instrument as portrayed by high S-CVI/Ave=0.96 (>0.90), S-CVI/UA=0.85 (>0.80) and strong I-CV1 values for most items (> 0.78), indicated
strong content representativeness. These values exceeded the thresholds recommended by Lynn (1986), Polit & Beck (2006), Davis (1992)
with Shrotryia and Dhanda (2019), demonstrating that the items collectively capture the essential dimensions of flipped STEM learning.
Although certain items recorded lower I-CVI values compared to others, these items were retained since expert comments indicated that the
issues were related to wording instead of conceptual misalignment. This suggests that even when initial agreement on item wording varies,
expert consensus still affirms the importance of the construct being measured. The acceptable adjusted kappa values, k = 0.50 (fair) k = 0.79
(good) demonstrated by both items (S2 and L4) further confirm that the agreement was not due to chance. Thus, supporting their relevance
and justifying their retention following revision. The revisions made to other three items despite their high CVI scores were not arbitrary.
Instead, the amendments were made to enhance clarity, remove ambiguity, and ensure stronger alignment with the intended objective without
compromising conceptual integrity. This reflects a commitment to methodological rigor and the iterative nature of instrument development,
where statistical evidence should be balanced with practical considerations of readability and respondent comprehension.

Reliability analysis supported the internal consistency of the instrument. Overall Cronbach’s alpha value demonstrated excellent
reliability, while construct-level alphas ranged from acceptable to good. This implies that the instrument functions cohesively as a measure
of students’ flipped classroom experiences. At the construct level, four out of five constructs achieved acceptable to good reliability, with
Collaborative Environment, Learning Impact, and Technology Integration demonstrating particularly strong consistency. This indicates that
the items within each dimension cohesively measure students’ perceived experiences of flipped classroom learning. This supports the
theoretical assumption that key pedagogical features commonly associated with flipped learning such as peer interaction, pre-class
preparation, and technology-mediated instruction can be meaningfully captured as structured perception-based constructs when
operationalized through a well-designed instrument. The Self-Directed Learning construct produced the lowest alpha value (o = 0.685),
which is slightly below the conventional 0.70 benchmark but acceptable for early-stage development or pilot studies, especially when the
goal is to refine and improve the instrument (Nunnally & Bernstein, 1994). This finding may reflect the inherent complexity of measuring
self-regulatory behaviours among secondary students, who vary widely in their readiness for autonomous learning. It is also possible that the
inclusion of a negatively worded item (S2) influenced response patterns, as negatively phrased items can introduce cognitive load and
increase measurement error. While the construct remains meaningful, future refinement may improve internal consistency, such as rephrasing
or replacing items that contribute to inconsistency.

To make up for the limitations presented in this study, future research may consider employing several rounds of expert validation
to strengthen agreement on item relevance and wording. Next, expanding the diversity of field experts involved in the validation process to
strengthen the breadth and representativeness of expert judgments, particularly for constructs that showed lower initial agreement. Engaging
experts from various STEM disciplines and institutions or school settings such as international or private schools would enrich the quality
of feedback and support greater generalizability. Additionally, preparing a larger and more varied item pool during the early development
stage could improve reliability, especially for constructs such as Self-Directed Learning, where response patterns may be influenced by item
phrasing or construct complexity. A broader item pool allows for more rigorous item selection and facilitates the removal or refinement of
weaker items without compromising construct representation.

In addition, the incorporation of other advanced psychometric testing such as Exploratory Factor Analysis (EFA), Confirmatory
Factor Analysis (CFA), and measurement invariance testing across student groups and instructional contexts could be considered for future
studies to further refine and validate the SPFC instrument. Such enhancements would strengthen its robustness and generalizability. Hence,
enabling its application across diverse educational levels, including higher education institutions and supporting the development of other
rigorously validated research instruments in flipped and STEM-oriented learning environments.
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H6.0 CONCLUSION

In conclusion, the Students’ Perception of Flipped Classroom (SPFC) instrument demonstrates strong content validity and acceptable internal
consistency based on expert evaluation and pilot testing. The use of item-level and scale-level content validity indices provided quantitative
evidence that the instrument items are relevant, essential, and representative of the intended dimensions. The findings indicated that students’
perceived flipped classroom learning experiences in STEM-oriented science instruction are multidimensional, encompassing collaborative
engagement, self-directed learning tendencies, perceived learning impact, motivation, and technology integration. These dimensions are
coherently reflected in the structure of the SPFC instrument. However, it is important to note that this study represents an initial phase of
instrument development. While content validity and reliability have been established, further validation through construct validity testing
such as EFA and CFA is required before the instrument can be claimed as fully validated for large-scale or comparative research. In short,
the SPFC instrument is intended to be administered as a self-report questionnaire to secondary school students who have experienced a
structured flipped classroom implementation, where instructional content is delivered prior to class through video-based or digital materials
and in-class time is devoted to active learning activities. Within these instructional conditions, the instrument provides a credible and practical
tool for examining students’ perceived learning experiences and informing improvements in flipped STEM instructional design. This may
provide more meaningful insights for educators and researchers seeking to better understand and improve flipped learning environments.
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