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Abstract  

This study investigates the effectiveness of a flipped classroom approach integrated with scaffolding through a Learning Management 
System (LMS) in enhancing the geometry achievement of pre-service mathematics teachers. The study utilized an experimental post-
test-only control group design involving 63 randomly selected pre-service mathematics teachers. The experimental group received 
instruction through a flipped classroom model supplemented with scaffolding and LMS support, while the control group experienced 
traditional teaching methods enhanced by scaffolding and LMS. Quantitative data were collected via a geometry essay test and analyzed 
using descriptive and inferential statistics, including t-tests. The results revealed that the experimental group significantly outperformed 
the control group in geometry achievement. Additionally, qualitative data from thematic analysis of semi-structured interviews indicated 
that the flipped classroom approach fostered improved comprehension, peer interaction, and active discussion, despite challenges such as 
varying levels of motivation and scheduling conflicts. The scaffolding provided was found to be an effective strategy in clarifying complex 
topics and enhancing student success. This study underscores the potential of integrating a flipped classroom with scaffolding and LMS 
to improve geometry achievement and overall instructional quality. 
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Introduction 

A comprehensive understanding of mathematics, particularly geometry, is essential for effective teaching 
among pre-service mathematics educators. Geometry’s abstract nature and complexity often result in 
significant learning challenges, leading to widespread difficulties in comprehension and decreased interest 
among students (Akçayır & Akçayır, 2018; Astuti et al., 2018; Mudhefi et al., 2024; Mukuka & Alex, 2024). 
Traditional teaching methods, characterized by a lack of interaction and engagement, exacerbate these 
issues, often resulting in suboptimal performance on international assessments. Consequently, students’ 
performance in geometry, as reflected in their results on international exams, often falls short, highlighting 
the need for more effective teaching strategies in this domain (Domínguez Vázquez & Díaz Palencia, 2024; 
Jablonski & Ludwig, 2023; Juman et al., 2022). 

To address these issues, innovative instructional methods such as the flipped classroom model have been 
increasingly advocated. The flipped classroom approach allows students to engage with learning materials 
at their own pace before class, freeing up in-class time for more interactive and problem-solving activities. 
This method has been shown to enhance students’ participation, interaction, and understanding of complex 
concepts, making it a promising strategy for improving mathematical achievement (Cheng et al., 2019; Låg 
& Sæle, 2019; Somaa, 2024; Tomashevska, 2024). However, the flipped classroom model has gained traction 
as an innovative approach that promotes active learning, its application in geometry education remains 
underexplored, particularly in the context of pre-service teachers in developing countries like Indonesia. 

Besides, scaffolding has emerged as a critical instructional support strategy. Scaffolding involves providing 
temporary assistance to students to help them accomplish tasks they might not be able to complete 
independently. When integrated with the flipped classroom approach, scaffolding can further enhance 
students’ learning experiences by offering targeted support that addresses individual learning needs (Cabı, 
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2018; van de Pol et al., 2015; Zhu & Wang, 2023; Zuo et al., 2023). Previous studies have demonstrated the 
effectiveness of scaffolding in various educational contexts, including its ability to improve students’ 
motivation, engagement, and learning outcomes (Dy & Lapinid, 2023; Fidan, 2023; Kilic, 2018; Tazkia & 
Siswono, 2023). 

Despite the growing body of research supporting the flipped classroom and scaffolding, limited studies 
have specifically examined their combined impact on geometry achievement among pre-service 
mathematics teachers. Most existing research has focused on the general effectiveness of the flipped 
classroom without exploring the synergistic effects of incorporating scaffolding (Kilavuz, 2024; Nur Fauzi 
et al., 2023; Puntambekar, 2022; Rajaram, 2019). Given the critical role that geometry plays in the 
mathematics curriculum and the challenges associated with teaching it, there is a clear need to investigate 
the potential benefits of combining these two instructional strategies. 

This study seeks to address this gap by investigating the combined impact of a flipped classroom and 
scaffolding, facilitated by a Learning Management System (LMS), on the geometry achievement of pre-
service mathematics teachers. The integration of these pedagogical strategies is hypothesized to provide a 
more interactive and supportive learning environment, thus enhancing students’ conceptual understanding 
and engagement with geometry. 

Method 

Research Design 

This study utilized an experimental post-test-only control group design to evaluate the impact of a 
scaffolded flipped classroom approach on the geometry achievement of pre-service mathematics teachers 
(Creswell & Creswell, 2023). The design was chosen to directly compare the impact of a scaffolded flipped 
classroom model, facilitated by a Learning Management System (LMS), against traditional instructional 
methods supplemented with scaffolding. This design ensures that any observed differences in geometry 
achievement between the experimental and control groups can be confidently attributed to the instructional 
method, rather than pre-existing differences among participants. 

Participants 

The study involved 63 pre-service mathematics teachers enrolled in the Analytical Geometry course at 
Universitas Negeri Makassar, Indonesia. The participants were randomly selected and divided into two 
groups: 30 students in the experimental group and 33 students in the control group. Random assignment 
was used to control for selection bias, ensuring that both groups were comparable in terms of their baseline 
characteristics. The selection of pre-service teachers as participants is significant, as they represent the future 
workforce in mathematics education, making their mastery of geometric concepts crucial for their 
professional development. 

Experimental Group 

Participants in the experimental group were introduced to the flipped classroom model, where learning 
materials, including instructional videos, quizzes, and discussion forums, were made available through the 
SYAM-OK LMS before in-class sessions (see Figure 1).  
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Figure 1. A Screenshot of The Video, Task, And Quiz In SYAM-OK LMS 

This pre-class engagement allowed students to learn at their own pace, identifying areas of difficulty which 
were then addressed during the subsequent in-class sessions. The flipped classroom was supplemented with 
scaffolding, wherein the instructor provided targeted assistance based on students’ performance in the pre-
class quizzes and forum discussions. The scaffolding was designed to support students in mastering 
complex geometric concepts by offering personalized guidance during the in-class problem-solving 
activities. 

Control Group 

The control group received traditional classroom instruction, where the instructor delivered lectures 
covering the same geometric concepts as those in the flipped classroom model. In this setup, new concepts 
were introduced during class time, followed by problem-solving activities and guided practice. Although 
the control group also had access to supplementary materials on the SYAM-OK LMS, these resources were 
used to reinforce in-class learning rather than to prepare for it. Scaffolding in this group was provided 
during and after the lectures, ensuring that students received the necessary support to understand the 
material presented. 

In both groups, the instructor provided scaffolding support tailored to students' needs. In the experimental 
group, this support was integrated with a flipped classroom model, which allowed instructors to address 
specific areas of difficulty identified through pre-class quizzes and in-class activities. In the control group, 
scaffolding support was provided during and after traditional lectures, ensuring that students received the 
help they needed to understand the material. 
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Figure 2. Diagram Of Experimental and Control Group 

Data Collection 

The primary data for this study were collected through a geometry essay test administered to both groups 
after the instructional intervention. The test comprised four problems, each designed to evaluate the 
participants’ understanding and application of key analytic geometry concepts. Each problem was scored 
on a scale from 0 to 100, with the overall test score representing the student’s geometry achievement. 
Additionally, semi-structured interviews were conducted with a subset of nine participants from both 
groups, selected to represent a range of achievement levels. The interviews aimed to gather qualitative 
insights into the participants’ experiences with the flipped classroom and the effectiveness of the scaffolding 
provided. 

Data Analysis 

Quantitative data from the geometry essay test were analyzed using descriptive statistics to summarize the 
post-test scores of the two groups, including measures of mean, standard deviation, minimum, and 
maximum scores. An independent-measures t-test was conducted to compare the mean scores between the 
experimental and control groups, with the significance level set at p < 0.05. The effect size was calculated 
using Cohen’s d to assess the practical significance of the findings (Cohen et al., 2007). Qualitative data 
from the semi-structured interviews were analyzed using thematic analysis to identify recurring themes 
related to the impact of the flipped classroom and scaffolding on student learning. 

Validity Considerations 

To ensure the internal validity of the study, several measures were taken, including random assignment of 
participants, consistent use of instructional materials, and uniform delivery of scaffolding support across 
both groups. Potential threats to external validity, such as the specific educational context and the sample 
size, were acknowledged. The study recommends future research to replicate these findings in different 
settings and with larger, more diverse populations to enhance the generalizability of the results. 
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Results 

Geometry Achievement Comparison between Flipped Classroom with Scaffolding and Traditional Learning 

The results of the study indicate a significant difference in geometry achievement between the experimental 
group, which received instruction through the flipped classroom model with scaffolding, and the control 
group, which experienced traditional instruction supplemented with scaffolding. Descriptive statistics 
(Table 1) revealed that the experimental group achieved a higher mean score (M = 82.9, SD = 12.91) 
compared to the control group (M = 76.36, SD = 13.07), suggesting that the flipped classroom approach, 
when integrated with scaffolding, effectively enhances students’ understanding and performance in 
geometry. 

Table 1. Descriptive Statistics of Geometry Achievement 

Group N Mean Maximum Minimum Std. Deviation 

Experimental 30 82.9 100 55 12.91 

Control 33 76.36 100 45 13.07 

A histogram (Figure 3) illustrating the distribution of scores shows that the experimental group’s scores 
were skewed towards higher values, with a greater concentration of scores in the 80-100 range. In contrast, 
the control group’s scores were more evenly distributed, with a concentration around the 70-80 range, 
indicating a broader range of achievement levels. 

 

Figure 3. Distribution of Geometry Achievement 

Statistical Analysis of Flipped Classroom’s Impact on Geometry Achievement 

To determine whether the observed difference in geometry achievement between the two groups was 
statistically significant, an independent-measures t-test was conducted. The analysis confirmed a statistically 
significant difference between the groups, with the experimental group outperforming the control group 
(t(61) = 1.99, p = 0.025) (Table 2).  

Table 2. The T-Test of Geometry Achievement 

 
t df p Cohen's d 

Geometry Achievement (Equal variances) 1.99 61 0.025 0.5 

Geometry Achievement (Unequal variances) 1.99 60.57 0.025 0.5 

The effect size, calculated using Cohen’s d, was 0.5, indicating a moderate to large effect. This suggests that 
the flipped classroom model combined with scaffolding has a meaningful and substantial impact on the 
geometry achievement of pre-service mathematics teachers. 
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Qualitative Insights 

In addition to the quantitative data, qualitative insights were gathered through semi-structured interviews 
with a subset of participants from both groups. Thematic analysis of the interview data revealed that 
students in the experimental group perceived the flipped classroom model as beneficial for their 
understanding of geometry. Several students reported that the pre-class preparation helped them engage 
more actively during in-class sessions, while the scaffolding provided timely support that clarified complex 
topics. One participant remarked, “The flipped classroom pushed me to study on my own before attending 
class, which made the in-class discussions more engaging and meaningful.” 

Students in the control group also acknowledged the benefits of scaffolding, but some expressed challenges 
in maintaining motivation and managing their time effectively without the structured pre-class preparation 
provided by the flipped classroom model. One student noted, “It was sometimes difficult to keep up with 
the material without the push to prepare before class.” 

Effectiveness of Scaffolding in Flipped Classrooms 

The integration of scaffolding in both the experimental and control groups proved beneficial, albeit with a 
notable difference in mean scores between the groups (mean difference of 6.54). Scaffolding within the 
flipped classroom model was particularly effective, as it provided timely assistance tailored to individual 
learning needs. This personalized support enabled students to better understand complex geometry 
concepts and apply them during in-class activities. The qualitative data further underscored the value of 
scaffolding, with students appreciating the balance between peer presentations and instructor guidance 
during class sessions. One participant remarked, “The alternation between student presentations and teacher 
explanations helped clarify difficult topics and reinforced my understanding.” 

Challenges and Advantages of the Flipped Classroom Model 

While the flipped classroom model promoted active engagement and peer interaction, it also presented 
challenges. Some students faced difficulties with motivation and time management, which affected their 
ability to engage with pre-class materials. As one student noted, “When I lacked motivation, I found it hard to 
watch the videos and prepare for class.” Additionally, scheduling conflicts were a common issue, as highlighted 
by another student who mentioned, “Having classes later in the week made it challenging to stay on top of the flipped 
classroom requirements.” 

Discussion 

Enhanced Geometry Achievement through Flipped Classroom and Scaffolding 

This study provides compelling evidence that the integration of a flipped classroom approach with 
scaffolding significantly enhances geometry achievement among pre-service mathematics teachers. The 
findings align with and extend the existing body of research that highlights the benefits of active learning 
strategies, such as flipped classrooms, in improving student performance (Al-Samarraie et al., 2020; 
Cevikbas & Kaiser, 2022; Cheng et al., 2019; Gasparic et al., 2024; Herlambang et al., 2024; Wei et al., 2020). 
Specifically, this study demonstrates that when pre-class preparation is paired with targeted in-class 
scaffolding, students are better equipped to engage with and master complex geometric concepts. 

The success of the flipped classroom model in this study can be attributed to its ability to shift the learning 
process from a traditional, passive model to an active, student-centered one. By engaging with learning 
materials before class, students in the experimental group were able to identify areas of difficulty and 
approach the in-class sessions with a more focused and prepared mindset. This shift not only facilitated 
more meaningful in-class discussions but also allowed for the application of geometric principles in a 
collaborative setting, thereby deepening students’ conceptual understanding. 
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The integration of scaffolding within the flipped classroom further amplified these benefits. Scaffolding 
provided targeted support that addressed individual learning needs, thereby facilitating a clearer 
understanding of complex topics. This aligns with the findings of studies such as those by (Fidan, 2023) 
and (Kilic, 2018), which highlight the effectiveness of scaffolding in improving students’ academic 
performance and engagement. In the context of this study, scaffolding within the flipped classroom not 
only helped students grasp fundamental geometric concepts but also encouraged them to actively 
participate in class discussions and problem-solving activities, leading to improved geometry achievement. 

The Role of Scaffolding in Enhancing Learning Outcomes 

The study’s results indicated that while both the experimental and control groups benefited from 
scaffolding, the flipped classroom group showed greater improvement. The mean difference in geometry 
achievement between the two groups suggests that scaffolding is more effective when combined with a 
flipped classroom model. This finding is supported by the literature, which emphasizes the importance of 
providing students with structured support as they navigate challenging academic material (Khojasteh et al., 
2021; Rajaram, 2019; Spadafora & Downes, 2020; Witt et al., 2021). 

In the flipped classroom, scaffolding was particularly effective because it allowed instructors to identify and 
address specific areas of difficulty based on pre-class activities. By tailoring the support to individual needs, 
instructors were able to enhance students’ understanding and ensure they were better prepared for in-class 
tasks. The qualitative data from student interviews further corroborated this, with students expressing that 
the combination of pre-class preparation and in-class scaffolding significantly enhanced their learning 
experience. 

Practical Implications for Mathematics Education 

The findings of this study have significant implications for mathematics education, particularly in the 
training of pre-service teachers. The success of the flipped classroom model, when integrated with 
scaffolding and supported by an LMS, suggests that this approach could be a valuable tool for enhancing 
the teaching and learning of geometry. As pre-service teachers are often tasked with mastering complex 
content while also learning effective pedagogical strategies, this model offers a dual benefit: it improves 
their own understanding of geometry while simultaneously modeling an innovative teaching method they 
can use in their future classrooms (Nugraheni et al., 2024). 

Moreover, the use of an LMS to facilitate the flipped classroom model offers a scalable solution that can 
be easily adapted to other educational contexts. The ability to provide students with structured, self-paced 
learning opportunities before class, combined with personalized in-class support, is particularly beneficial 
in settings where traditional instructional methods may be insufficient to meet diverse learning needs. 

Challenges and Considerations 

While the study highlights the benefits of the flipped classroom approach, it also reveals some challenges 
that need to be addressed for its successful implementation. One of the primary challenges noted by 
students in the experimental group was the need for self-discipline and effective time management to keep 
up with pre-class activities. This challenge is consistent with the findings of other studies on flipped 
classrooms, which have identified student motivation and engagement as potential barriers to the success 
of this model (Cheng et al., 2019; Gasparic et al., 2024; Goedhart et al., 2019; Lo & Hew, 2017; McNally et 

al., 2017; Nuryadi̇n et al., 2023). 

Additionally, while the study focused on pre-service teachers in a developing country, the generalizability 
of the findings to other contexts should be approached with caution. The specific educational environment, 
cultural factors, and technological infrastructure available in this study may differ from those in other 
regions, which could impact the effectiveness of the flipped classroom and scaffolding strategies. 

Conclusion 
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This study provides strong evidence that the integration of a flipped classroom approach with scaffolding 
via an LMS significantly enhances the geometry achievement of pre-service mathematics teachers. By 
allowing students to engage with learning materials at their own pace and receive targeted support through 
scaffolding, this instructional model addresses key challenges in geometry education. The positive outcomes 
observed in this study suggest that such an approach not only improves academic performance but also 
offers a practical and scalable solution for enhancing mathematics education in diverse contexts. 

Future research should explore strategies to address the challenges associated with the flipped classroom 
model, particularly in terms of student motivation and time management. Investigating the integration of 
motivational supports, such as gamification elements or time management tools within the LMS, could 
enhance the effectiveness of this approach. Additionally, longitudinal studies that examine the long-term 
impacts of flipped classrooms on both student achievement and teaching practices would provide valuable 
insights into the sustainability of this model. 

Expanding the research to include diverse educational settings and student populations is also essential to 
better understand the broader applicability of the flipped classroom and scaffolding strategies. By exploring 
how these methods work in various contexts, educators can develop more effective and inclusive teaching 
practices that meet the needs of all learners. 
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