ﬁﬂ Li Journal of Advanced Sciences and Mathematics Education
L Volume 6, Issue 3, 1-22.

%\\\\O ¢_ISSN: 2798-1606
&é, L/ - 524/) :

7 DOI: 10.58524 /jasme.v6i3.1394

Learning cycle 9E integrated with instructional videos for enhancing
numeracy literacy among prospective mathematics teachers: A quasi-
experimental study

Siska Andriani* Rizki Wahyu Yunian Putra
Universitas Islam Negeri Raden Intan Universitas Islam Negeri Raden Intan
Lampung, INDONESIA Lampung, INDONESIA
Indah Resti Ayuni Suri Abi Fadila
Universitas Islam Negeri Raden Intan Universitas Islam Negeri Raden Intan
Lampung, INDONESIA Lampung, INDONESIA
Article Info Abstract

Background: Numeracy literacy is a fundamental competency that enables

Article history: prospective mathematics teachers to interpret, analyze, and apply mathematical

Received: April 30,2026
Revised: June 02,2026
Accepted: July 06,2026

knowledge in authentic contexts. However, conventional mathematics
instruction often emphasizes procedural proficiency rather than contextual
reasoning, resulting in limited numeracy literacy development. Integrating
constructivist learning with technology-enhanced instruction offers a promising

approach to addressing this challenge.
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model integrated with instructional videos in enhancing the numeracy literacy of
prospective mathematics teachers.

Method: A quasi-experimental study employing a pretest-posttest control group
design was conducted with 50 undergraduate students enrolled in the
Mathematics Education Study Program at Universitas Islam Negeri Raden Intan
Lampung, Indonesia. Participants were assigned to an experimental group (n =
25) and a control group (n = 25). Data were analyzed using descriptive statistics,
Shapiro-Wilk and Levene’s tests, normalized gain (N-Gain), an independent
samples t-test, and Cohen’s d effect size.

Results: The experimental group outperformed the control group, achieving a
higher posttest mean score (84.16 vs. 71.04) and N-Gain (0.62 vs. 0.31). A
significant difference was identified between the groups (t = 6.485, p < .001),
accompanied by a large effect size (d = 1.84).

Conclusion: Integrating the Learning Cycle 9E model with instructional videos
effectively enhances numeracy literacy by fostering active knowledge
construction, contextual mathematical reasoning, and meaningful technology-
enhanced learning experiences in higher mathematics education.
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INTRODUCTION

Numeracy literacy has emerged as one of the most essential competencies in twenty-first-

century education because it enables individuals to interpret, analyze, and apply mathematical
knowledge in diverse real-life situations. In contemporary society, numeracy literacy extends
beyond performing arithmetic calculations, encompassing the ability to reason mathematically,
evaluate quantitative information critically, solve contextual problems, and make informed
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decisions based on data and evidence (Geiger et al., 2015). These competencies have become
increasingly important as rapid technological development and digital transformation require
individuals to process quantitative information accurately in academic, professional, and social
contexts. Consequently, numeracy literacy has become a central objective of educational reforms
worldwide, particularly within mathematics education, where learners are expected to develop
competencies that support lifelong learning and active participation in an increasingly data-driven
society (OECD, 2023). Despite its recognized importance, international assessments continue to
reveal persistent weaknesses in students’ numeracy literacy across various educational systems.
The results of the Programme for International Student Assessment indicated that many students
still struggle to formulate, employ, and interpret mathematics when confronted with authentic and
non-routine problems requiring mathematical reasoning (OECD, 2023). Similarly, findings from
the Trends in International Mathematics and Science Study (TIMSS) demonstrated that students
generally perform better on procedural tasks than on contextual mathematical problems requiring
conceptual understanding and analytical thinking (Bautista et al., 2026; Choi et al., 2026; Kalaam
& Alex, 2026; Mokgwathi, 2026) . These findings suggest that conventional mathematics
instruction, which frequently emphasizes procedural fluency and memorization, may not
adequately facilitate the development of higher-order mathematical competencies necessary for
numeracy literacy (Stacey, 2015). Consequently, there is an increasing need to design learning
environments that encourage students to construct mathematical understanding actively while
applying mathematical knowledge to authentic situations. Therefore, strengthening numeracy
literacy has become a strategic priority for mathematics education, particularly in higher education
institutions responsible for preparing future mathematics teachers.

The development of numeracy literacy requires instructional approaches that actively
involve learners in constructing knowledge through exploration, discussion, reflection, and
authentic problem-solving activities. Constructivist learning theory emphasizes that meaningful
learning occurs when students actively connect new information with their prior knowledge
through cognitive engagement and social interaction rather than passively receiving information
from instructos (Le & Nguyen, 2024; Uddin et al., 2024). Accordingly, mathematics instruction
should provide meaningful opportunities for students to investigate mathematical phenomena,
collaborate with peers, justify their reasoning, and reflect upon their learning experiences.
Learning environments that adopt constructivist principles have consistently been reported to
improve higher-order thinking skills, conceptual understanding, and mathematical reasoning more
effectively than traditional teacher-centered instruction (Khasawneh et al.,, 2023). One
instructional model that strongly reflects these principles is the Learning Cycle 9E model, which
extends the inquiry-based learning cycle into nine interconnected phases consisting of eliciting,
engaging, exploring, explaining, elaborating, exchanging, evaluating, extending, and empowering
(T.-C. Huang et al., 2025; Mang et al., 2021; Photo, 2025). Each phase is systematically designed
to facilitate conceptual change by encouraging students to construct mathematical knowledge
through inquiry, communication, collaboration, and reflection. Through these sequential learning
activities, students are expected to develop a deeper understanding of mathematical concepts while
strengthening their ability to solve contextual problems and communicate mathematical ideas
effectively. Previous studies have demonstrated that learning cycle-based instruction contributes
positively to students’ conceptual understanding, academic achievement, critical thinking, and
scientific reasoning across various educational contexts (Mekonnen et al., 2024; Nga et al., 2023;
Riffert et al., 2021; Varoglu et al., 2023). These findings indicate that the Learning Cycle 9E model
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provides a promising pedagogical foundation for developing the multidimensional competencies
underlying numeracy literacy. Nevertheless, maximizing the effectiveness of inquiry-oriented
learning also requires instructional resources capable of presenting mathematical concepts in
meaningful, contextual, and engaging ways.

Recent advances in educational technology have significantly transformed mathematics
education by enabling more interactive, flexible, and student-centered learning environments.
Digital technologies facilitate visualization, interaction, and immediate feedback that can improve
students’ engagement, conceptual understanding, and learning outcomes while accommodating
diverse learning needs (Kong, 2021). Furthermore, technology-enhanced learning environments
support multiple representations of mathematical concepts, allowing students to connect symbolic,
graphical, numerical, and contextual forms of mathematical information more effectively (Demir,
2023; Shé et al., 2023; Sofroniou, 2025; Zengin, 2023). Consequently, educational technology has
increasingly been recognized as an important component of mathematics instruction that supports
the development of mathematical literacy and numeracy competencies (Cakiroglu et al., 2024;
Sakurai & Goos, 2023; St Omer et al., 2025). Among various digital learning resources,
instructional videos have received considerable attention because they provide flexible access to
learning materials while combining narration, visualization, animation, and contextual examples
that facilitate conceptual understanding. Instructional videos also enable learners to review content
repeatedly, regulate their own learning pace, and develop a deeper understanding of abstract
mathematical concepts through multimedia representations (Atkinson et al., 2024; Elliot et al.,
2020; Fyfield et al., 2022; M. C.-L. Huang et al., 2020; Trenholm, 2022; Wei et al., 2020).
According to Multimedia Learning Theory, the integration of verbal and visual information
promotes meaningful learning by reducing unnecessary cognitive load and strengthening cognitive
processing (Fiorella & Mayer, 2018). Empirical studies have consistently demonstrated that
instructional videos improve students’ motivation, engagement, academic achievement,
conceptual understanding, and mathematical problem-solving abilities across diverse educational
settings (M. C.-L. Huang et al., 2020; Korntreff et al., 2026; Lo & Hew, 2021; Xu et al., 2025;
Zaitoun et al., 2023). Moreover, technology-supported mathematics learning has been shown to
facilitate numeracy development by providing meaningful visual contexts and interactive learning
experiences that enhance students’ mathematical. Therefore, integrating instructional videos with
the Learning Cycle 9E model offers a promising technology-enhanced constructivist learning
approach that has the potential to strengthen numeracy literacy through active inquiry, meaningful
visualization, and authentic mathematical problem solving.

Journal of Advanced Sciences and Mathematics Education | 3



Journal of Advanced Sciences and Mathematics Education
Andriani et al. | Learning cycle 9E integrated with instructional ...

CONCEPTUAL FRAMEWORK

Learning Cycle 9E Assisted by Instructional Videos and Its Impact on Students’ Numeracy Literacy
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Figure 1. Conceptual Framework of Learning Cycle 9E Assisted by Instructional Videos

Although previous studies have consistently demonstrated the positive contributions of
technology-enhanced learning, instructional videos, and constructivist pedagogies to mathematics
education, important research gaps remain regarding their integrated implementation for
developing numeracy literacy among prospective mathematics teachers. Existing studies on
technology-enhanced mathematics learning have primarily focused on digital learning
environments, embodied learning, virtual reality, flipped classrooms, and technology-supported
instructional models to improve students’ engagement, mathematical reasoning, and conceptual
understanding rather than numeracy literacy as the primary learning outcome (Aksu & Zengin,
2022; Georgiou et al.,, 2023; St Omer et al., 2025; Young, 2023). Likewise, research on
instructional videos has predominantly investigated video design principles, instructor presence,
and the effectiveness of educational videos in improving learning performance and student
engagement without embedding these media within a structured constructivist instructional model
such as the Learning Cycle 9E (Henderson & Schroeder, 2021; Kose et al., 2021; Mayer et al.,
2020; Polat, 2023). Meanwhile, studies concerning numeracy literacy have largely discussed its
conceptual foundations, global perspectives, and general implications for mathematics education,
while empirical investigations examining instructional interventions specifically designed to
enhance numeracy literacy remain relatively limited (Grotliischen et al., 2020; Pratiwi et al., 2024).
Furthermore, research involving prospective mathematics teachers has mainly emphasized
professional competence, lesson planning, classroom management, technology integration, and
pedagogical development rather than strengthening numeracy literacy through innovative
instructional approaches (Bozkurt & Yigit Koyunkaya, 2022; Fitriati et al., 2023). Therefore,
limited empirical evidence exists regarding the integration of the Learning Cycle 9E model and
instructional videos within a technology-enhanced constructivist learning environment to improve
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numeracy literacy among prospective mathematics teachers. Addressing this gap, the present study
investigates the effectiveness of combining the Learning Cycle 9E model with instructional videos
as an innovative instructional strategy for fostering numeracy literacy in mathematics teacher
education, thereby extending previous research by integrating pedagogical models, educational
technology, and numeracy literacy into a single instructional framework.

Based on the identified research gap, this study aimed to investigate the effectiveness of
integrating the Learning Cycle 9E model with instructional videos in enhancing the numeracy
literacy of prospective mathematics teachers. Specifically, the study sought to determine whether
students who learned through the Learning Cycle 9E model integrated with instructional videos
achieved significantly higher numeracy literacy than those who received conventional
mathematics instruction. The study also examined the extent to which this technology-enhanced
constructivist learning approach improved students’ ability to interpret quantitative information,
construct mathematical representations, apply mathematical reasoning, and solve contextual
problems. Furthermore, the research evaluated the magnitude of students’ learning improvement
using normalized gain (N-Gain) analysis and assessed the practical significance of the intervention
through Cohen’s effect size analysis. By integrating inquiry-oriented learning with multimedia-
supported instruction, this study aimed to provide empirical evidence regarding the effectiveness
of combining pedagogical innovation and educational technology in mathematics teacher
education. The study was further intended to extend previous research that has predominantly
investigated learning cycle models and instructional videos independently rather than as an
integrated instructional approach for developing numeracy literacy. From a theoretical perspective,
the findings were expected to strengthen the application of Constructivist Learning Theory and
Multimedia Learning Theory in explaining how technology-supported inquiry-based learning
facilitates numeracy literacy development. From a practical perspective, the study sought to
provide mathematics lecturers and teacher educators with an evidence-based instructional strategy
that supports meaningful, student-centered, and technology-enhanced mathematics learning. In
addition, the findings were expected to contribute to the growing body of literature on numeracy
literacy by demonstrating the educational value of integrating the Learning Cycle 9E model with
instructional videos within higher education contexts. Ultimately, this study aims to provide both
theoretical and practical contributions to the advancement of innovative mathematics education by
promoting instructional practices that better prepare prospective mathematics teachers to foster
numeracy literacy in their future classrooms.

LITERATURE REVIEW

Numeracy literacy has become a central component of mathematics education because it
equips learners with the ability to interpret, analyze, and apply mathematical knowledge in authentic
situations rather than merely performing procedural calculations. Contemporary perspectives define
numeracy literacy as a multidimensional competence involving mathematical reasoning,
quantitative interpretation, problem solving, and evidence-based decision-making across various
personal, social, and professional contexts (Geiger et al., 2015). The Organisation for Economic Co-
operation and Development (OECD) further conceptualizes numeracy literacy as the capacity to
formulate, employ, and interpret mathematics for solving real-world problems, emphasizing its
importance in preparing students for lifelong learning and active participation in society (OECD,
2023). Consequently, mathematics education has shifted from emphasizing procedural fluency
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toward fostering conceptual understanding and contextual mathematical thinking that support
meaningful learning experiences. Recent studies have consistently reported that students frequently
experience difficulties in transferring mathematical knowledge to unfamiliar situations despite
demonstrating satisfactory procedural competence (Adeniji & Baker, 2022; Braithwaite & Sprague,
2021; Jader & Johansson, 2025; Yap & Wong, 2024). Such findings indicate that classroom instruction
should provide learning experiences that enable students to connect mathematical concepts with
realistic contexts through inquiry, reasoning, and reflection. Numeracy literacy is particularly
important in higher education because prospective mathematics teachers are expected to possess
not only strong mathematical knowledge but also the pedagogical competence required to cultivate
numeracy literacy among future learners. Accordingly, higher education institutions have
increasingly emphasized instructional approaches that encourage active learning, critical thinking,
and contextual problem solving to strengthen prospective teachers’ professional competence.
Several systematic reviews have also highlighted that developing numeracy literacy requires
coherent instructional strategies integrating meaningful learning activities, authentic assessment,
and technology-supported environments that promote higher-order thinking. Therefore,
strengthening numeracy literacy has become a strategic priority in mathematics teacher education
because it directly influences future teachers’ capacity to design meaningful mathematics instruction
and facilitate students’ mathematical reasoning in authentic contexts.

Constructivist learning theory provides a strong theoretical foundation for developing
instructional models that actively engage learners in constructing mathematical knowledge through
exploration, collaboration, and reflection rather than passive information acquisition. Within this
perspective, meaningful learning occurs when students integrate new experiences with prior
knowledge, thereby facilitating conceptual change and deeper cognitive understanding. One
instructional model that operationalizes constructivist principles is the Learning Cycle 9E model,
which expands the traditional learning cycle into nine sequential phases comprising eliciting,
engaging, exploring, explaining, elaborating, exchanging, evaluating, extending, and empowering
(Pan et al., 2024; Wu et al., 2025). These interconnected phases encourage learners to investigate
mathematical phenomena, communicate their reasoning, evaluate alternative solutions, and apply
conceptual understanding in unfamiliar situations. Compared with conventional teacher-centered
instruction, the Learning Cycle 9E model promotes greater learner autonomy, collaborative learning,
and reflective thinking because students become active participants throughout the learning process.
Previous empirical studies have consistently reported that learning cycle-based instruction
significantly improves conceptual understanding, academic achievement, scientific reasoning, and
critical thinking skills across diverse educational contexts (Joswick & Hulings, 2024; Riffert et al,,
2021). More recent investigations have also demonstrated that inquiry-oriented instructional
models contribute positively to students’ mathematical communication, reasoning, and problem-
solving abilities by encouraging learners to construct knowledge through meaningful interactions
and authentic investigations (Karakoc et al., 2025; Khasawneh et al., 2023; Kumazah & Agyei, 2026;
Sen et al,, 2021). Nevertheless, existing studies have predominantly evaluated the effects of the
Learning Cycle model on academic achievement and conceptual understanding rather than
examining its contribution to numeracy literacy as a multidimensional educational outcome.
Furthermore, limited attention has been devoted to integrating the Learning Cycle 9E model with
digital learning resources capable of enriching inquiry activities and supporting visual
representations of mathematical concepts. Therefore, the Learning Cycle 9E model remains a
promising pedagogical framework for fostering numeracy literacy when combined with appropriate
technology-enhanced learning strategies.

The rapid advancement of digital technology has transformed mathematics education by
providing innovative instructional media capable of enhancing students’ engagement, conceptual
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understanding, and independent learning experiences. Among various digital learning resources,
instructional videos have become one of the most widely adopted educational technologies because
they integrate narration, visualization, animation, and contextual examples within a flexible learning
environment. Multimedia Learning Theory explains that learners process information more
effectively when verbal explanations are integrated with relevant visual representations, thereby
facilitating meaningful cognitive processing and reducing unnecessary cognitive load (AlShaikh et al.,
2024; Bahari et al.,, 2023; Mayer, 2024; Noetel et al., 2022) (Fiorella & Mayer, 2018; Mayer, 2021).
Accordingly, instructional videos enable students to visualize abstract mathematical concepts,
regulate their learning pace, revisit difficult materials repeatedly, and strengthen conceptual
understanding through multiple representations. Numerous empirical studies have demonstrated
that instructional videos positively influence students’ learning motivation, engagement, conceptual
understanding, academic achievement, and mathematical problem-solving performance across
various educational settings (M. C.-L. Huang et al, 2020; Shen, 2024; Zaitoun et al, 2023).
Technology-enhanced mathematics learning has also been shown to improve students’ mathematical
reasoning by presenting authentic problems through dynamic and interactive digital environments
that facilitate exploration and conceptual connections (Aksu & Zengin, 2022; Demir, 2023; Sofroniou,
2025; St Omer et al, 2025). Furthermore, digital learning environments encourage students to
become more autonomous learners because they can interact with instructional materials according
to their individual learning needs and cognitive readiness. Despite these educational benefits,
previous studies have generally examined instructional videos as independent learning media rather
than integrating them with structured constructivist instructional models that systematically guide
inquiry-based learning. Consequently, the pedagogical potential of instructional videos may not be
fully optimized when they are implemented without an instructional framework that actively
promotes exploration, discussion, reflection, and contextual mathematical reasoning. Therefore,
integrating instructional videos within the Learning Cycle 9E model offers a theoretically grounded
technology-enhanced learning approach that is expected to strengthen numeracy literacy by
combining multimedia-supported instruction with inquiry-oriented mathematical learning.
Although constructivist learning models and instructional videos have individually
demonstrated positive effects on mathematics learning, their pedagogical integration remains
relatively underexplored within mathematics education. Effective technology integration requires
digital learning resources to be embedded within instructional models that actively engage learners
in inquiry, collaboration, and reflection rather than functioning merely as supplementary teaching
media (Al Mamun & Lawrie, 2023; Fitzgerald & Evans, 2024; Seprie et al., 2025). The Learning Cycle
9E model provides a structured pedagogical sequence that guides students from activating prior
knowledge to applying newly acquired concepts in authentic situations, thereby creating meaningful
opportunities for integrating multimedia resources into each learning phase. Within this framework,
instructional videos can function as contextual learning stimuli during the engaging phase, visual
explanatory resources during the explaining phase, and authentic problem-solving scenarios during
the elaborating and extending phases. Such integration enables students to observe mathematical
phenomena, discuss alternative solution strategies, and construct conceptual understanding through
multiple representations supported by multimedia learning principles. From the perspective of
Constructivist Learning Theory, combining inquiry-oriented learning activities with multimedia-
supported instruction is expected to strengthen students’ cognitive engagement because learners
actively construct knowledge while interacting with contextual mathematical problems (Guruloo et
al,, 2026; Mei & Azid, 2026). Likewise, Multimedia Learning Theory suggests that presenting verbal
explanations together with dynamic visual representations facilitates deeper conceptual processing
than either modality alone (Alhazmi, 2024; Fiorella et al., 2020; Noetel et al., 2022; Ruf et al.,, 2022).
Recent reviews of video-based learning have further emphasized that instructional effectiveness
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depends not only on video quality but also on instructional design and pedagogical integration within
meaningful learning activities. Consequently, integrating the Learning Cycle 9E model with
instructional videos may create a technology-enhanced constructivist learning environment that
simultaneously promotes conceptual understanding, mathematical reasoning, and contextual
problem-solving abilities. Therefore, this integrated instructional approach provides a strong
theoretical foundation for improving numeracy literacy through active inquiry supported by
meaningful digital learning experiences.

The theoretical foundation of this study is established through the integration of
Constructivist Learning Theory, Multimedia Learning Theory, and technology-enhanced
mathematics learning, providing a comprehensive framework for understanding how students
develop numeracy literacy in digital learning environments. Constructivist Learning Theory explains
that learners construct mathematical knowledge through active engagement, inquiry, reflection, and
social interaction, making learning more meaningful than passive knowledge transmission.
Multimedia Learning Theory complements this perspective by explaining how learners process
verbal and visual information simultaneously to build coherent mental representations that facilitate
conceptual understanding and long-term retention (Mayer, 2024; Staneviciene & Zekiené, 2025).
Technology-enhanced mathematics learning further emphasizes that digital resources should be
employed not merely to deliver instructional content but to support exploration, reasoning,
collaboration, and authentic problem solving that strengthen mathematical competence. Previous
studies have independently demonstrated that inquiry-based learning models improve conceptual
understanding, while instructional videos enhance engagement, motivation, and academic
achievement (Arici & Yilmaz, 2025; Chen et al, 2025; H.-W. Huang et al., 2024). Nevertheless,
empirical evidence investigating the combined implementation of these instructional components to
develop numeracy literacy among prospective mathematics teachers remains limited. Existing
research has also predominantly evaluated mathematics achievement, conceptual understanding, or
critical thinking without considering numeracy literacy as a multidimensional educational outcome
that integrates reasoning, interpretation, representation, and contextual application. Accordingly,
the present study positions itself at the intersection of constructivist pedagogy, educational
technology, and numeracy literacy by examining the educational value of integrating the Learning
Cycle 9E model with instructional videos within higher mathematics education. This conceptual
integration is expected to provide a more comprehensive explanation of how technology-supported
inquiry-based learning contributes to students’ numeracy literacy development than previous
studies examining each instructional component independently. Therefore, the proposed
instructional framework not only addresses an important gap in the literature but also contributes
to advancing theory and practice in technology-enhanced mathematics education by offering
empirical evidence for designing meaningful learning environments that foster numeracy literacy
among prospective mathematics teachers.

METHOD

Research Design
This study employed a quantitative approach using a quasi experimental method with a pretest

posttest control group design. The design was selected to investigate the effectiveness of the
Learning Cycle 9E model assisted by instructional videos in improving students’ numeracy literacy.
According to quasi experimental designs are appropriate for examining causal relationships in
educational settings where random assignment is difficult to implement. Two groups were involved
in the study: an experimental group that received instruction through the Learning Cycle 9E model
assisted by instructional videos and a control group that received conventional learning. Both groups
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were administered a pretest before the treatment and a posttest after the intervention. The research
design is presented as follows:

Table 1. Research Design

Group Pretest Treatment Posttest
Experimental 0, X 0,
Control 05 - (O

Where:
e 05 =Pretest of numeracy literacy in the experimental group
e 0, = Posttest of numeracy literacy in the experimental group
e 03 = Pretest of numeracy literacy in the control group
e 0, = Posttest of numeracy literacy in the control group
e X =Learning Cycle 9E assisted by instructional videos

The effectiveness of the intervention was evaluated by comparing students’ numeracy literacy
achievement before and after treatment as well as between the experimental and control groups.

Participants
The participants of this study consisted of 50 undergraduate students enrolled in the

Mathematics Education Study Program at Universitas Islam Negeri Raden Intan Lampung, Indonesia.
The participants were taking the Senior High School Mathematics (Mathematics for SMA/MA) course
during the academic year of the study. The sample was selected using cluster random sampling
because the participants were already organized into intact classes. Two classes were selected and
assigned as the experimental and control groups. Each group consisted of 25 students. The
experimental group was taught using the Learning Cycle 9E model assisted by instructional videos,
whereas the control group received conventional lecture based instruction commonly implemented
in mathematics learning. The participants had relatively similar academic backgrounds because they
were enrolled in the same study program and attended the same course. Prior to the implementation
of the treatment, both groups completed a numeracy literacy pretest to ensure initial comparability
between groups.

Treatment Procedure
The intervention was conducted over eight meetings during one academic semester in the

Senior High School Mathematics (SMA/MA Mathematics) course. Each meeting lasted approximately
100 minutes and focused on mathematical topics related to algebra, functions, systems of equations,
and contextual problem solving. The experimental group received instruction through the Learning
Cycle 9E model assisted by instructional videos, whereas the control group received conventional
lecture based instruction. Prior to the intervention, both groups completed a numeracy literacy
pretest to determine their initial abilities. During the treatment period, students in the experimental
group participated in learning activities structured according to the nine phases of the Learning Cycle
9E model. Instructional videos were integrated into several phases to provide contextual
mathematical situations, visual explanations, worked examples, and opportunities for reflection. At
the end of the intervention, both groups completed a posttest to evaluate the improvement in
numeracy literacy. The implementation of the Learning Cycle 9E model assisted by instructional
videos is presented in Table 2.

Table 2. Implementation of Learning Cycle 9E Assisted by Instructional Videos

Phase Learning Activities
Eliciting Students' prior knowledge was activated through contextual questions related to
real life situations.
Engaging Students watched instructional videos presenting contextual mathematical

problems to stimulate curiosity and motivation.
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Exploring Students worked collaboratively in small groups to investigate and solve
mathematical problems presented in the videos.
Explaining Students communicated their findings and mathematical reasoning, while the
lecturer facilitated conceptual clarification.
Elaborating Students solved additional contextual problems to deepen their understanding of
mathematical concepts.
Exchanging Students exchanged ideas and compared alternative solution strategies with other
groups.
Evaluating Students completed formative assessments and received feedback on their
understanding.
Extending Students applied mathematical concepts to new situations and more complex
numeracy literacy tasks.
Empowering Students reflected on their learning experiences and evaluated the usefulness of

mathematical concepts in real life contexts.

The instructional videos used in this study were specifically designed to support numeracy literacy
development. The videos incorporated contextual problems, graphical representations,
mathematical modelling activities, and guided explanations aligned with the learning objectives. The
integration of videos was intended to facilitate conceptual understanding, mathematical reasoning,
and students’ ability to connect mathematical knowledge with authentic situations.

Instruments
The numeracy literacy test was developed based on the numeracy literacy framework

proposed by OECD (2023) and further informed by the dimensions of numeracy. Accordingly, the
instrument measured four dimensions of numeracy literacy: interpretation of quantitative
information, mathematical representation and modelling, mathematical reasoning, and contextual
problem solving. The blueprint of the instrument is presented in Table 3.

Table 3. Blueprint of Numeracy Literacy Test

Dimension of Numeracy Indicator Item
Literacy Number
Interpretation of quantitative Interpreting numerical, graphical, and tabular 1,2
information information in real life situations
Mathematical representation Representing contextual situations using mathematical 3,4,5
and modelling models, equations, tables, or graphs
Mathematical reasoning Analyzing relationships, making logical conclusions, and 6,7
justifying mathematical arguments

Contextual problem solving Applying mathematical concepts and procedures to solve 8,9,10

real world problems

An example of a numeracy literacy indicator is students’ ability to interpret information
presented in tables and graphs and use such information to make appropriate mathematical
decisions in everyday contexts. Before being administered, the instrument underwent expert
validation involving three experts in mathematics education. Content validity was evaluated using
Aiken’s V coefficient. Items with Aiken’s V values greater than 0.80 were considered highly valid and
suitable for implementation. The reliability of the instrument was assessed using Cronbach’s Alpha
coefficient. A reliability coefficient greater than 0.70 indicates acceptable internal consistency. In
addition, item analysis was conducted to determine the difficulty index and discrimination index of
each test item to ensure the quality of the assessment instrument. In addition to the numeracy
literacy test, instructional videos were utilized as supporting learning media in the experimental
group. The videos contained contextual mathematical problems, visual explanations, worked
examples, and reflective activities aligned with the phases of the Learning Cycle 9E model. Prior to
implementation, the instructional videos were validated by two experts in mathematics education to
ensure content accuracy, instructional quality, and alignment with the learning objectives.
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Data Analysis
Data analysis was conducted using descriptive and inferential statistical techniques with the

assistance of IBM SPSS Statistics software. First, descriptive statistics were employed to summarize
students’ numeracy literacy scores, including the mean, standard deviation, minimum score, and
maximum score for both the experimental and control groups. Second, prior to hypothesis testing,
prerequisite analyses were performed. Data normality was examined using the Shapiro-Wilk test
because the sample size in each group was fewer than 50 participants (Razali & Wah, 2011). A
significance value greater than 0.05 indicated that the data were normally distributed. Homogeneity
of variance was tested using Levene’s Test. Data were considered homogeneous when the
significance value exceeded 0.05. Third, students’ improvement in numeracy literacy was analyzed
using the normalized gain (N-Gain) score proposed by Hake (1999). The N-Gain score was calculated
using the following formula:

Skor Post Test — Skor Pretest
Skor Maksimal — Skor Pretest

Ngain =

The N-Gain categories were interpreted as follows:

Table 4. N-Gain Category

Nilai N-Gain Interpretasi
0,70< g <1,00 High
0,30< g <070 Moderate
0,00 < g <030 Low

Fourth, hypothesis testing was conducted using the Independent Samples t-test to determine
whether there was a statistically significant difference in numeracy literacy achievement between
the experimental and control groups. The significance level was set at a = 0.05. According to Field
(2018), a significance value less than 0.05 indicates a significant difference between groups. Finally,
effect size analysis was performed using Cohen’s d to determine the magnitude of the treatment
effect. Cohen (1988) suggested the following interpretation criteria:

Table 5. Effect Size Category

Cohen’s d Interpretation
0.20 Small Effect

0.50 Medium Effect
0.80 or higher Large Effect

The inclusion of effect size analysis provides additional information regarding the practical
significance of the Learning Cycle 9E model assisted by instructional videos in enhancing students’
numeracy literacy beyond statistical significance alone.

Ethical Considerations
Prior to data collection, all participants were informed about the objectives and procedures of

the study. Participation was voluntary, and students provided informed consent before taking part
in the research. Confidentiality and anonymity of participants were maintained throughout the study,
and all collected data were used solely for academic and research purposes.
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RESULTS AND DISCUSSION

Results
Descriptive Statistics of Students’ Numeracy Literacy

The descriptive statistics were calculated to provide an overview of students’ numeracy
literacy performance before and after the implementation of the Learning Cycle 9E model assisted
by instructional videos.

Table 6. Descriptive Statistics of Numeracy Literacy Scores

Group Test N Mean SD Minimum Maximum
Experimental Pretest 25 58.24 8.53 42 72
Experimental Posttest 25 84.16 6.47 72 95

Control Pretest 25 57.80 8.71 41 73

Control Posttest 25 71.04 7.85 56 84

Table 6 shows that both groups had relatively similar pretest means, indicating comparable initial
numeracy literacy abilities. The experimental group obtained a mean pretest score of 58.24, while
the control group obtained 57.80. After the intervention, the mean posttest score of the experimental
group increased substantially to 84.16, whereas the control group achieved a mean score of 71.04.
This finding indicates that students who learned through the Learning Cycle 9E model assisted by
instructional videos demonstrated greater improvement in numeracy literacy than those who
experienced conventional learning.

Instrument Validity and Reliability
Prior to the implementation of the intervention, the numeracy literacy test was evaluated to

ensure its validity and reliability. Content validity was assessed by three experts in mathematics
education using Aiken's V coefficient, while reliability was measured using Cronbach's Alpha. The
results of the instrument validation and reliability analysis are presented in Table 7.

Table 7. Results of Instrument Validity and Reliability

Instrument Aspect Result Category
Aiken's V 0.89 Highly Valid
Cronbach's Alpha 091 Excellent Reliability

Table 7 shows that the numeracy literacy test achieved an Aiken's V coefficient of 0.89,
indicating a high level of content validity. This result suggests that the test items were highly relevant
to the intended dimensions of numeracy literacy and adequately represented the constructs being
measured. Furthermore, the Cronbach's Alpha coefficient was 0.91, indicating excellent internal
consistency. According to Taber (2018), a reliability coefficient above 0.90 reflects a highly reliable
instrument. Therefore, the numeracy literacy test was considered appropriate for assessing students’
numeracy literacy and was subsequently administered as both the pretest and posttest in the study.

Normality Test
The Shapiro Wilk test was conducted to determine whether the data were normally distributed.

Table 8. Results of the Shapiro-Wilk Normality Test

Group Test Statistic Sig.
Experimental Pretest 0.964 0.522
Experimental Posttest 0.972 0.693

Control Pretest 0.959 0.431

Control Posttest 0.968 0.611

Table 8 indicates that all significance values exceeded 0.05. Therefore, the data were normally
distributed and met the normality assumption required for parametric statistical analyses.
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Homogeneity Test
Homogeneity of variance was examined using Levene’s Test.

Table 9. Results of Homogeneity Test
Variable Levene Statistic Sig.

Posttest Scores 0.483 0.490

The significance value of 0.490 was greater than 0.05, indicating that the variances of both groups
were homogeneous. Therefore, the data satisfied the homogeneity assumption.

N-Gain Analysis

The N-Gain analysis was conducted to determine the magnitude of improvement in students’
numeracy literacy.

Table 10. N-Gain Scores of Numeracy Literacy

Group Mean N-Gain Category
Experimental 0.62 Moderate
Control 0.31 Moderate

The experimental group achieved a mean N-Gain score of 0.62, which falls within the moderate
category and approaches the upper threshold of the category. Meanwhile, the control group obtained
a mean N-Gain score of 0.31, indicating lower improvement. These findings suggest that the Learning
Cycle 9E model assisted by instructional videos contributed more effectively to improving students’
numeracy literacy.

Independent Samples t-Test
The Independent Samples t-test was performed to determine whether there was a statistically

significant difference between the posttest scores of the experimental and control groups.
Table 11. Results of Independent Samples t-Test
Variable t df Sig. (2-tailed)
Posttest Scores 6.485 48 0.000

The significance value obtained was 0.000, which was lower than 0.05. Therefore, the null
hypothesis was rejected. This result indicates a statistically significant difference between the
numeracy literacy achievement of students taught using the Learning Cycle 9E model assisted by
instructional videos and those taught through conventional instruction.

Effect Size Analysis
To determine the practical significance of the treatment, Cohen’s d effect size was calculated.

Table 12. Effect Size Analysis
Variable Cohen’s d Interpretation

Posttest Scores 1.84 Large Effect

The Cohen’s d value of 1.84 indicates a large effect according to Cohen’s (1988) criteria. This
finding suggests that the Learning Cycle 9E model assisted by instructional videos had a substantial
impact on students’ numeracy literacy.

Discussion

The findings revealed that the Learning Cycle 9E model assisted by instructional videos
significantly improved students’ numeracy literacy. The substantial increase in the experimental
group's posttest scores and N-Gain values demonstrates that the integration of constructivist
learning principles and multimedia resources provides meaningful learning experiences that
facilitate numeracy literacy development. The effectiveness of the Learning Cycle 9E model can be

Journal of Advanced Sciences and Mathematics Education | 13



Journal of Advanced Sciences and Mathematics Education
Andriani et al. | Learning cycle 9E integrated with instructional ...

explained through the perspective of constructivist learning theory. Constructivism posits that
learners actively construct knowledge by connecting new information with their prior experiences
rather than passively receiving information from instructors. The sequential phases of the Learning
Cycle 9E model provide opportunities for students to activate prior knowledge, explore
mathematical ideas, discuss alternative solutions, and reflect on their understanding. Such learning
experiences encourage students to build meaningful conceptual structures that support the
interpretation and application of mathematical concepts in real life situations. As numeracy literacy
requires students to understand, analyze, and utilize mathematical information in authentic contexts,
constructivist oriented learning environments are particularly effective in fostering these
competencies.

One explanation for these findings is that the Learning Cycle 9E model actively engages
students throughout the learning process. During the eliciting and engaging phases, students activate
prior knowledge and establish connections with new mathematical concepts. In the exploring and
explaining phases, students construct knowledge through investigation, discussion, and reflection
(Bassachs et al,, 2020; Ng et al., 2022; Veine et al.,, 2020; Yu, 2023). Such learning experiences
encourage deeper conceptual understanding and mathematical reasoning, which are essential
components of numeracy literacy (Torres-Pefia et al,, 2025). The findings support previous studies
indicating that learning cycle based instruction contributes positively to students’ mathematical
achievement and higher order thinking skills. That learning cycle approaches significantly improved
academic performance across educational levels. That learning cycle implementation enhanced
conceptual understanding and student engagement. The present study extends these findings by
demonstrating that Learning Cycle 9E is also effective in improving numeracy literacy among
prospective mathematics teachers.

Another factor contributing to the effectiveness of the intervention is the integration of
instructional videos. Educational videos provide visual representations that facilitate students’
understanding of abstract mathematical concepts and contextual problems. According to multimedia
learning environments enhance cognitive processing by combining visual and verbal information.
Emphasized that instructional videos can improve knowledge retention and conceptual
understanding when designed according to multimedia learning principles. The contribution of
instructional videos may be further explained through Multimedia Learning Theory. According to
meaningful learning occurs when learners actively process information through both visual and
verbal channels (Mayer, 2021). Instructional videos integrate narration, animations, diagrams, and
contextual examples that facilitate the construction of mental representations of mathematical
concepts. Such visual support helps students understand abstract mathematical ideas, recognize
relationships among concepts, and apply mathematical procedures in problem solving situations. In
the context of numeracy literacy, videos provide concrete illustrations of quantitative information
and real world applications, making mathematical concepts easier to understand and utilize in
authentic situations.

The findings may also be explained by Cognitive Load Theory, which suggests that instructional
materials should be designed to optimize the limited capacity of working memory. Numeracy literacy
tasks often require students to process multiple sources of information, including numerical data,
graphical representations, and contextual information. Instructional videos can reduce extraneous
cognitive load by presenting information in a structured and visually organized manner, thereby
allowing students to focus on essential mathematical relationships and problem solving processes.
Furthermore, the Learning Cycle 9E model supports gradual knowledge construction through its
sequential learning phases, which may prevent cognitive overload and facilitate deeper
understanding. Therefore, the integration of Learning Cycle 9E and instructional videos may create
cognitively efficient learning environments that promote numeracy literacy development. The
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significant improvement observed in this study aligns with who reported that video based learning
environments improved students’ achievement and engagement. Similarly, that video supported
mathematics learning positively affected students’ academic performance. Also demonstrated that
multimedia assisted learning increased students’ motivation and learning outcomes. The present
study contributes additional evidence by showing that instructional videos can specifically support
numeracy literacy development when integrated within a structured pedagogical framework.

The effectiveness of the Learning Cycle 9E model assisted by instructional videos may also be
explained through the lens of technology enhanced learning. Educational technology provides
opportunities for students to access multiple representations of mathematical concepts, which
facilitate conceptual understanding and problem solving abilities. Technology supported
mathematics instruction has been shown to strengthen students’ reasoning skills, engagement, and
achievement. Furthermore, emphasized that technology enhanced learning environments can
promote numeracy development by providing authentic and interactive learning experiences. The
large effect size obtained in this study indicates that the intervention was not only statistically
significant but also practically meaningful. This finding is consistent with recent studies highlighting
the benefits of integrating technology and student centered learning models in mathematics
education. The combination of Learning Cycle 9E and instructional videos appears to create a
learning environment that encourages active participation, conceptual understanding, and
contextual problem solving, all of which are central dimensions of numeracy literacy.

Moreover, the findings support the growing body of literature emphasizing the importance of
numeracy literacy in higher education, particularly for prospective mathematics teachers. Future
mathematics teachers are expected not only to master mathematical content but also to possess the
ability to apply mathematics in real life contexts and facilitate numeracy literacy development among
their future students. Therefore, innovative instructional approaches such as Learning Cycle 9E
assisted by instructional videos may contribute to preparing future educators who are capable of
promoting numeracy literacy in diverse educational settings.

Implications

The findings of this study provide important theoretical, pedagogical, and practical
implications for the advancement of mathematics education, particularly in promoting numeracy
literacy among prospective mathematics teachers. From a theoretical perspective, the study extends
the application of Constructivist Learning Theory by demonstrating that meaningful knowledge
construction is strengthened when inquiry-based learning is systematically supported through
multimedia resources embedded within the Learning Cycle 9E framework. The findings also
reinforce Multimedia Learning Theory by providing empirical evidence that the integration of verbal
explanations, visual representations, and contextual mathematical situations enhances students’
conceptual understanding and facilitates the development of numeracy literacy beyond procedural
competence. Furthermore, the study contributes to the growing body of research on technology-
enhanced mathematics education by illustrating that instructional technology becomes more
effective when it is integrated within a coherent pedagogical model rather than being used as an
isolated instructional medium. From a pedagogical perspective, the results suggest that mathematics
lecturers should consider redesigning classroom instruction by incorporating the sequential phases
of the Learning Cycle 9E together with carefully designed instructional videos that encourage
exploration, discussion, reflection, and contextual problem solving. Such integration provides
students with richer opportunities to connect mathematical concepts to authentic situations, thereby
strengthening mathematical reasoning, representation, interpretation, and decision-making skills
that constitute essential dimensions of numeracy literacy. The substantial effect observed in this
study also indicates that technology-supported constructivist instruction can produce not only
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statistically significant improvements but also educationally meaningful learning outcomes that are
relevant for higher education practice. Consequently, teacher education institutions may adopt this
instructional approach to better prepare prospective mathematics teachers who are capable of
designing innovative, student-centered, and technology-enhanced mathematics learning
environments in their future classrooms. The findings further imply that curriculum developers
should integrate numeracy literacy explicitly into mathematics teacher education curricula by
emphasizing contextual mathematical tasks, inquiry-based learning activities, and digital
instructional resources that reflect authentic educational challenges. In addition, educational
policymakers may utilize the evidence generated by this study to support professional development
programs that strengthen lecturers’ competencies in integrating constructivist pedagogy with
educational technology to improve mathematics learning quality. The instructional framework
proposed in this study may also serve as a reference for developing other technology-supported
learning models that integrate active learning strategies with multimedia resources across different
mathematical topics and educational levels. Ultimately, this study provides empirical support for the
proposition that integrating the Learning Cycle 9E model with instructional videos represents a
sustainable instructional innovation capable of enhancing numeracy literacy while simultaneously
preparing prospective mathematics teachers to respond effectively to the educational demands of an
increasingly digital and data-driven society.

Limitations and Suggestions for Future Research

Despite demonstrating the effectiveness of the Learning Cycle 9E model integrated with
instructional videos in enhancing numeracy literacy, this study has several limitations that should be
considered when interpreting its findings. First, the study involved only 50 prospective mathematics
teachers from a single university, which may limit the generalizability of the findings to other higher
education institutions, educational systems, or student populations with different academic
characteristics. Second, the quasi-experimental design employed intact classes rather than randomly
assigning individual participants, making it difficult to eliminate all potential influences of pre-
existing classroom differences despite the comparable pretest results. Third, the intervention was
implemented within a single course over eight instructional meetings, and therefore the findings
primarily reflect short-term learning outcomes rather than the long-term retention and transfer of
numeracy literacy competencies. Fourth, the study focused exclusively on numeracy literacy as the
primary dependent variable and did not examine other potentially influential outcomes, such as
mathematical creativity, self-regulated learning, metacognitive awareness, learning motivation,
collaborative skills, or digital competence. In addition, the assessment relied mainly on cognitive test
scores, which may not fully capture students’ learning processes, classroom interactions, or changes
in their attitudes toward mathematics learning. Future research is therefore encouraged to involve
larger and more diverse samples drawn from multiple universities or different educational contexts
to improve the external validity and broader applicability of the findings. Longitudinal studies are
also recommended to investigate whether improvements in numeracy literacy achieved through the
Learning Cycle 9E model integrated with instructional videos can be sustained over extended periods
and transferred to authentic professional teaching contexts. Moreover, future investigations should
adopt mixed-methods or longitudinal research designs by combining quantitative analyses with
classroom observations, interviews, learning analytics, or reflective journals to obtain a more
comprehensive understanding of students’ cognitive and affective learning experiences. Researchers
are also encouraged to examine the effectiveness of this instructional approach across different
mathematical domains, educational levels, and learner characteristics to determine the conditions
under which the intervention produces the greatest educational benefits. Furthermore, future
studies may integrate emerging educational technologies, including artificial intelligence, adaptive
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learning systems, virtual reality, augmented reality, or learning analytics, to investigate how
intelligent digital environments can further strengthen numeracy literacy development within
constructivist mathematics instruction. Collectively, these future research directions will contribute
to amore comprehensive understanding of technology-enhanced constructivist learning and provide
stronger empirical evidence for developing innovative instructional practices that foster numeracy
literacy in mathematics education.

CONCLUSION

This study demonstrated that integrating the Learning Cycle 9E model with instructional
videos is an effective instructional approach for enhancing the numeracy literacy of prospective
mathematics teachers. The findings revealed that students who participated in the technology-
enhanced constructivist learning environment achieved significantly higher numeracy literacy than
those who experienced conventional lecture-based instruction, as reflected in superior posttest
performance, higher normalized gain scores, and a statistically significant difference between the
two groups. The large effect size further indicates that the instructional intervention produced not
only statistical significance but also substantial educational benefits for students’ numeracy literacy
development. These findings suggest that combining inquiry-oriented learning with multimedia-
supported instruction provides meaningful learning experiences that facilitate conceptual
understanding, mathematical reasoning, contextual problem solving, and the interpretation of
quantitative information. The results also support the theoretical assumptions of Constructivist
Learning Theory by demonstrating that active knowledge construction through exploration,
discussion, reflection, and collaborative learning contributes to deeper mathematical understanding.
In addition, the findings reinforce Multimedia Learning Theory by showing that the integration of
verbal explanations, visual representations, and contextual mathematical situations through
instructional videos enhances students’ cognitive processing and learning effectiveness. The study
therefore extends previous research by providing empirical evidence that the educational value of
instructional videos is maximized when they are systematically integrated into a structured
pedagogical model such as the Learning Cycle 9E rather than implemented as standalone
instructional media. From a mathematics education perspective, the study highlights the importance
of designing technology-enhanced learning environments that actively engage students in authentic
mathematical inquiry instead of emphasizing procedural knowledge alone. The proposed
instructional approach also offers an effective strategy for strengthening the competencies required
by prospective mathematics teachers to facilitate numeracy literacy in their future classrooms.
Furthermore, the study contributes to the growing literature on technology-enhanced mathematics
education by integrating constructivist pedagogy, multimedia learning, and numeracy literacy within
a single instructional framework. These findings provide practical guidance for lecturers, curriculum
developers, and teacher education institutions seeking evidence-based instructional innovations that
promote meaningful mathematics learning in higher education. Overall, the study concludes that the
integration of the Learning Cycle 9E model with instructional videos represents a pedagogically
sound and empirically supported instructional innovation capable of improving numeracy literacy
while preparing prospective mathematics teachers to meet the demands of mathematics education
in an increasingly digital and data-driven society.
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